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Clinical Implications
Dental implants are commonly restored with metal ceramic crowns and 
fixed partial dentures. The risk of ceramic fractures is more common in 
implant-supported as compared to tooth-supported restorations. Statisti-
cally significant predictors of failure may guide the clinician in selecting the 
most appropriate prosthesis and ancillary factors to increase the likelihood 
of successful prosthodontic treatment without remedial corrections.  

Statement of problem. Porcelain fracture associated with an implant-supported, metal ceramic crown or fixed partial 
denture occurs at a higher rate than in tooth-supported restorations, according to the literature. Implant-specific and 
patient-specific causes of ceramic failure have not been fully evaluated. 

Purpose. The purpose of this retrospective study was to evaluate the potential statistical predictors for porcelain frac-
ture of implant-supported, metal ceramic restorations.

Material and methods. Over a 6-month period, a consecutive series of patients having previously received implant-
supported, metal ceramic fixed restorations were examined during periodic recall appointments. The number of 
supporting implants, number of dental units, type of restoration, date of prosthesis insertion, location in the dental 
arch, opposing dentition, type of occlusion, presence of parafunctional habits, use of an occlusal protective device, 
presence or absence of ceramic fractures, gender, and age were recorded for each patient. The generalized estimating 
equation (GEE) approach was used for the intrasubject correlated measurements analysis of categorical outcomes 
(presence or absence of ceramic fractures) to determine which patient- and implant-specific factors would predict 
porcelain fracture (α=.05). 

Results. Data were collected from 152 patients representing 998 dental units (390 single crowns and 94 fixed partial 
dentures) supported by 729 implants. Porcelain fractures of 94 dental units occurred in 35 patients. The fractures 
were significantly (P<.05) associated with opposing implant-supported metal ceramic restorations, bruxism, and not 
wearing a protective occlusal device. Metal ceramic prostheses (single crown or fixed partial dentures) had approxi-
mately 7 times higher odds of porcelain fracture (odds ratio (OR)=7.06; 95% confidence interval (CI): 2.57 to 19.37) 
and 13 times greater odds of a fracture requiring either repair or replacement (OR=13.95; 95% CI: 2.25 to 86.41) 
when in occlusion with another implant-supported restoration, as compared to opposing a natural tooth. In addition, 
patients exhibiting bruxism or not wearing an occlusal device had approximately 7 times higher odds (OR=7.23; 95% 
CI: 3.86 to 13.54), and 2 times higher odds (OR=1.92; 95% CI: 1.01 to 3.67) of porcelain fracture when compared to 
patients without bruxism and patients not wearing an occlusal device. 

Conclusions. Implant-supported metal ceramic single crowns and fixed partial dentures were found to have a sig-
nificantly higher risk of porcelain fracture in patients with bruxism habits, when a protective occlusal device was not 
used, and when the restoration opposed another implant-supported metal ceramic restoration. (J Prosthet Dent 
2009;101:388-394)
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Dental implant-supported pros-
theses for the treatment of complete 
or partial edentulism generally consist 
of either removable or fixed restora-
tions. A common fixed prosthesis is 
composed of a metal substructure 
with a ceramic veneer. Although the 
long-term success of metal ceramic 
crowns (MCs) and fixed partial den-
tures (FPDs) in natural dentition is 
well established, the risk of failure for 
the implant-supported prosthesis is 
less certain. The increased costs typi-
cally associated with implant restora-
tions should be concomitant with a 
reasonable expectation for extended 
service without complications.

Several reports have documented 
the biological and prosthetic compli-
cations associated with single crowns 
and FPDs supported by both teeth1-5 
and dental implants.5-9 These reports 
have consistently shown that por-
celain fractures occur at a higher in-
trastudy rate than fractures to metal 
ceramic restorations placed on teeth. 
Pjetursson et al7 conducted a meta-
analysis on the survival and compli-
cation rates of implant-supported 
FPDs. Among other complications, 
the authors reported a significantly 
lower 5-year risk of ceramic fracture 
for tooth-supported versus implant-
supported FPDs (2.9% versus 8.8%) 
and a 5-year survival rate for implant-
supported single crowns of 3.5%. It 
is also noteworthy that, although the 
survival rate was high, the incidence of 
prosthetic complications approached 
nearly 40% after 5 years. Kreissl et al9 
found a similar rate of incidence with 
respect to fracturing of the veneering 
porcelain: 5.7% after an observation 
period of 5 years.

There are possible somatic causes 
that may account for the differences in 
ceramic failure rates between restora-
tions involving natural dentition and 
implants, including the lack of neu-
rologic feedback and the periodontal 
reflex mechanism that is not present 
as a protective mechanism in masti-
catory force generation.10-16 Dental 
implants do not have a periodontal 
ligament (PDL) interposed between 

the bone and implant surface, which 
eliminates the specialized propriocep-
tive nerve endings. Not only does the 
PDL possess mechanoreceptors that 
influence protective jaw movements, 
it also simulates a shock-absorbing 
function not found in the ankylosed 
implant-bone interface. The sensitiv-
ity and mobility of natural dentition 
cannot be duplicated in endosseous 
implants. This has particular signifi-
cance at low occlusal loads.10-12 

This retrospective study focus-
es solely on porcelain fractures of 
implant-supported metal ceramic 
restorations. The purpose of this in-
vestigation was to determine if there 
is a greater tendency for porcelain 
failure of implant-supported versus 
tooth-supported metal ceramic res-
torations. Patient-specific and/or 
implant-specific factors associated 
with the observed porcelain failures 
were evaluated for statistical signifi-
cance. The hypothesis was that the 
impaired proprioception and rigidity 
of osseointegrated implants results in 
an increased risk of higher functional 
impact forces that may contribute to 
porcelain fractures. The null hypoth-
esis was that there would be no differ-
ence between the patient-specific and 
implant-specific variables as selected 
in terms of predicting porcelain frac-
ture of implant-supported, metal ce-
ramic restorations. 

MATERIAL AND METHODS

A retrospective and examiner-
blind clinical study was conducted. 
Participants were examined during 
their regularly scheduled maintenance 
appointments in the first author’s pri-
vate practice. All of the patients were 
informed of the purpose of the study 
and permission was obtained from 
each as a condition of inclusion. No 
patients were excluded. Data for this 
study was collected over a 6-month 
period from July 2007 to December 
2007. 

A number of patient-specific and 
implant-specific variables were re-
corded. These included the type of 

restoration (single crown or FPD), 
length of service (≤5 years versus >5 
years), number of supporting im-
plants, location in the dental arch 
(anterior or posterior), opposing 
dentition (tooth, metal ceramic on 
tooth, metal ceramic on implant, or 
acrylic resin prosthetic teeth), oc-
clusion (anterior disclusion or group 
function), presence or absence of 
nocturnal bruxism, use of a protective 
occlusal device, presence or absence 
of ceramic fractures, gender, and age 
(≤60 versus >60 years). The presence 
of bruxism was determined by either 
patient self-reporting or clinical signs 
of occlusal wear patterns on natural 
teeth or restorative materials that 
were consistent with a bruxism habit. 
The statistician was unmasked to the 
research aims when the collection of 
all data had been completed.

All of the implants evaluated in 
this study were from a single manu-
facturer (Institut Straumann AG, 
Waldenburg, Switzerland). Both ti-
tanium plasma-sprayed (TPS) and 
airborne-particle-abraded, large-
grit, acid-etched (SLA) surfaces were 
used. All implants received standard 
solid abutments (Institut Straumann 
AG). All of the restorations were fab-
ricated by 1 of 3 in-office laboratory 
technicians experienced with the fab-
rication of implant-supported resto-
rations using the prosthetic compo-
nents from the previously mentioned 
manufacturer. A high noble gold alloy 
(Overture; Jensen Industries, North 
Haven, Conn) that was veneered with 
feldspathic porcelain (Creation CC, 
Classic CMK; Creation Willi Geller 
Intl GmbH, Meiningen, Austria) was 
used for all prostheses. The defini-
tive metal ceramic restorations were 
cemented using a glass ionomer lut-
ing agent (Fuji Plus; GC Corp, Tokyo, 
Japan). There were no occlusal access 
holes for securing screws. None of the 
implants were connected to natural 
teeth. All of the implant-supported 
FPDs had rigid connectors. There was 
no radiographic evidence of alveolar 
bone loss that would indicate a fail-
ing implant. The California Dental 
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Association rating system for quality17 
was used to characterize the ceramic 
failures as either acceptable (surface 
is deficient but can be polished) or 
unacceptable (surface is fractured 
and restoration must be repaired or 
replaced). For simplicity, the previ-
ous descriptions were replaced by the 
terms minor and major fractures, re-
spectively.

An analysis was undertaken to 
characterize both patient-specific 
and implant-specific variables and 
to determine the variables that might 
significantly predict ceramic failure. 
The purpose in dividing the statistical 
analysis into 2 parts was to separate 
these factors to reliably interpret the 
possible predictors of failure in each 
population. Statistical analyses and 
data management were performed us-
ing statistical software (SAS 9.1: SAS 
Institute, Inc, Cary, NC). The alpha 
level was set at .05, assuming 2-tailed 
distribution. The primary outcome 
variables included the presence or 
absence of metal ceramic fractures, 
and the severity of porcelain frac-
tures (no fracture, minor fracture, or 
major fracture). All the explanatory 
variables were also categorical vari-

ables. After the process of detecting, 
diagnosing, and editing faulty data 
(data cleaning), and evaluation of fre-
quency distributions, bivariate analy-
ses were conducted to evaluate de-
mographic characteristics of presence 
and absence of patient-specific metal 
ceramic fractures (gender, age, occlu-
sion, bruxism, and protective occlusal 
device use) using Mantel-Haenszel 
chi-square, or Fisher’s exact test for 
the small cell counts. 

With respect to the implant-spe-
cific metal ceramic fractures, most 
participants in the study had more 
than one dental unit examined. The 
examined dental units could have ei-
ther no ceramic fracture or at least 
one fracture. The ceramic fracture(s) 
within each patient could be minor, 
major, or both. Therefore, each par-
ticipant could have several outcome 
measures during the examination, 
which were intrasubject correlated. If 
this correlation was ignored, the to-
tal variance could be either over- or 
underestimated, which would yield 
an incorrect estimation of the confi-
dence interval. To reconcile the lack 
of independence (correlation) of 
dental units within patients, the in-

trasubject correlated implant-specific 
metal ceramic fracture measures were 
analyzed with the generalized estimat-
ing equation (GEE) binomial method 
using statistical software (SAS 9.1; 
SAS Institute, Inc).18 A main-effect 
partial proportional odds model in-
cluding all of the patient-specific and 
implant-specific variables was applied 
using the GEE approach because of 
the insignificance of the interactions 
between explanatory variables. The 
GEE binomial method was applied 
for the binomial outcome variable of 
the presence or the absence of metal 
ceramic fracture (fracture, yes or no), 
as well as the ordinal outcome vari-
able of the severity of metal ceramic 
fracture (no fracture, minor, or major 
fracture).

RESULTS

The data were obtained from 152 
partially or completely edentulous pa-
tients, including 67 men (44.1%) and 
85 women (55.9%) (Table I). A total 
of 94 dental units exhibited porcelain 
fracture, recorded from 35 patients. 
Of the 50 patients over 60 years in 
age, more than one third (18 out of 

Table I. Demographic characteristics of patient-specific metal ceramic failures

* Mantel-Haenszel chi-square test

** Degrees of freedom; nondirectional hypothesis was tested.

67
85

102
50

125
27

43
109

46
106

Men
Women

≤60 yrs old
>60 yrs old

Anterior Disclusion 
Group Function

Yes
No

Yes 
No

Gender

Age

Occlusion

Bruxism

Occlusal device

Patients
(n=152)

18 (26.9%)
17 (20.0%)

17 (16.7%)
18 (36.0%)

21 (15.9%)
14 (51.9%)

15 (34.9%)
20 (17.2%)

13 (28.2%)
22 (19.5%)

Patients with Failures 
(n=35) (%)

0.99

7.03

15.29

4.73

1.01

Value of Κ2 *

1

1

1

1

1

df **

.320

.013

<.001

.030

.314

P

50) had metal ceramic fractures, 
compared to about 17% of patients 
aged 60 years or less with metal ce-
ramic fractures (P=.013, df=1, Man-
tel-Haenszel chi-square test).  

Anterior disclusion was the pre-
dominate occlusion in 125 partially 
dentate patients (with and without 
implant restorations in the ante-
rior sextant), approximately 16% of 
whom experienced metal ceramic 
fracture. In contrast, more than half 

of the patients with group function, 
who were both partially dentate and 
edentulous, experienced metal ce-
ramic fracture (P<.001, df=1, Mantel-
Haenszel chi-square test). Fifteen of 
43 patients (34.9%) exhibiting signs 
of bruxism experienced metal ceramic 
fracture(s), compared to 20 of 109 
(18.3%) patients without bruxism 
(P=.017, df=1, Mantel-Haenszel chi-
square test) (Table I). 

Participants received 729 implants 

that supported 998 metal ceramic 
dental units. There were 390 free-
standing single crowns and 94 FPDs, 
consisting of 608 dental units support-
ed by 339 abutments. Table II shows 
that approximately 19% patients with 
a bruxism habit experienced porcelain 
fracture, compared to 5% patients 
without a bruxism habit. With respect 
to the opposing dentition, approxi-
mately 16% of patients had porcelain 
fracture(s) in restorations opposing 

Table II. Demographic characteristics of implant-specific metal ceramic failures

*Comparing presence of metal ceramic failures to absence of failures using generalized estimating equation (GEE) binomial method. 

MC-Tooth: metal ceramic restoration in occlusion contact with natural tooth.

MC-Implant: metal ceramic restoration in occlusion contact with implant-supported, metal ceramic restoration.

452
546

525
473

620
378

312
686

414
584

390
608 
339
269

314
229
439
15

619
379

440
558

505
493

Men
Women

≤60 yrs old
>60 yrs old

Anterior disclusion 
Group function

Yes
No

Yes 
No

     
Single crowns
FPDs (n=94)
Abutments

Pontics

       
Tooth

MC-Tooth
MC-Implant

Denture

Maxilla
Mandible

Anterior
Posterior

      
≤5 years
>5 years

Gender

Age

Occlusion

Bruxism

Occlusal device

Prosthesis

Opposing dentition

Location

Time in service

Dental Units
(n=998)

59 (13.1%)
35 (6.4%)

39 (7.4%)
55 (11.6%)

33 (5.3%)
61 (16.1%)

59 (18.9%)
35 (5.1%)

42 (10.1%)
52 (8.9%)

32 (8.2%)
62 (10.2%)
26 (7.7%)

36 (13.4%)

10 (3.2%)
13 (5.7%)

71 (16.2%)
0 (0.0%)

55 (8.9%)
39 (10.3%)

43 (9.8%)
51 (9.1%)

44 (8.7%)
50 (10.1%)

Dental Units with Ceramic Failures
 (n=94) (%)

.469

.708

.257

≤.001

.058

.344

.003

.368

.318

.202

P *
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** Degrees of freedom; nondirectional hypothesis was tested.

67
85

102
50

125
27

43
109

46
106

Men
Women

≤60 yrs old
>60 yrs old

Anterior Disclusion 
Group Function

Yes
No

Yes 
No

Gender

Age

Occlusion

Bruxism

Occlusal device

Patients
(n=152)

18 (26.9%)
17 (20.0%)

17 (16.7%)
18 (36.0%)

21 (15.9%)
14 (51.9%)

15 (34.9%)
20 (17.2%)

13 (28.2%)
22 (19.5%)

Patients with Failures 
(n=35) (%)

0.99

7.03

15.29

4.73

1.01

Value of Κ2 *

1

1

1

1

1

df **

.320

.013

<.001

.030

.314

P

50) had metal ceramic fractures, 
compared to about 17% of patients 
aged 60 years or less with metal ce-
ramic fractures (P=.013, df=1, Man-
tel-Haenszel chi-square test).  

Anterior disclusion was the pre-
dominate occlusion in 125 partially 
dentate patients (with and without 
implant restorations in the ante-
rior sextant), approximately 16% of 
whom experienced metal ceramic 
fracture. In contrast, more than half 

of the patients with group function, 
who were both partially dentate and 
edentulous, experienced metal ce-
ramic fracture (P<.001, df=1, Mantel-
Haenszel chi-square test). Fifteen of 
43 patients (34.9%) exhibiting signs 
of bruxism experienced metal ceramic 
fracture(s), compared to 20 of 109 
(18.3%) patients without bruxism 
(P=.017, df=1, Mantel-Haenszel chi-
square test) (Table I). 

Participants received 729 implants 

that supported 998 metal ceramic 
dental units. There were 390 free-
standing single crowns and 94 FPDs, 
consisting of 608 dental units support-
ed by 339 abutments. Table II shows 
that approximately 19% patients with 
a bruxism habit experienced porcelain 
fracture, compared to 5% patients 
without a bruxism habit. With respect 
to the opposing dentition, approxi-
mately 16% of patients had porcelain 
fracture(s) in restorations opposing 

Table II. Demographic characteristics of implant-specific metal ceramic failures

*Comparing presence of metal ceramic failures to absence of failures using generalized estimating equation (GEE) binomial method. 

MC-Tooth: metal ceramic restoration in occlusion contact with natural tooth.

MC-Implant: metal ceramic restoration in occlusion contact with implant-supported, metal ceramic restoration.

452
546

525
473

620
378

312
686

414
584

390
608 
339
269

314
229
439
15

619
379

440
558

505
493

Men
Women

≤60 yrs old
>60 yrs old

Anterior disclusion 
Group function

Yes
No

Yes 
No

     
Single crowns
FPDs (n=94)
Abutments

Pontics

       
Tooth

MC-Tooth
MC-Implant

Denture

Maxilla
Mandible

Anterior
Posterior

      
≤5 years
>5 years

Gender

Age

Occlusion

Bruxism

Occlusal device

Prosthesis

Opposing dentition

Location

Time in service

Dental Units
(n=998)

59 (13.1%)
35 (6.4%)

39 (7.4%)
55 (11.6%)

33 (5.3%)
61 (16.1%)

59 (18.9%)
35 (5.1%)

42 (10.1%)
52 (8.9%)

32 (8.2%)
62 (10.2%)
26 (7.7%)

36 (13.4%)

10 (3.2%)
13 (5.7%)

71 (16.2%)
0 (0.0%)

55 (8.9%)
39 (10.3%)

43 (9.8%)
51 (9.1%)

44 (8.7%)
50 (10.1%)

Dental Units with Ceramic Failures
 (n=94) (%)

.469

.708

.257

≤.001

.058

.344

.003

.368

.318

.202

P *
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an implant-supported, metal ceramic 
prosthesis (MC-Implant), compared 
to approximately 3% patients who ex-
perienced fracture(s) in restorations 
opposing a natural tooth (Tooth), 
and 6% patients who experienced 
fracture(s) in restorations opposing 
a tooth-supported, metal ceramic 
prosthesis (MC-Tooth). Furthermore, 
using the GEE binomial method, it 
was found that among the patient-
specific and implant-specific factors 
examined, the patient’s bruxism habit 
(P<.001, df=1, GEE) and the oppos-
ing dentition (P=.003, df=3, GEE) 
were potential risk factors for metal 
ceramic fractures and prosthesis fail-
ure (Tables I and II). 

Some of the patient-specific and 
implant-specific factors were found 
to be significantly associated with the 
presence of porcelain fractures in pa-
tients. The potential risk factors for 
major fracture only, minor fracture 
only, or both major and minor frac-
tures were also evaluated. Table III 
demonstrates that 79% of the major 
porcelain fractures occurred when in 
opposition to an MC-Implant restora-
tion, 5% opposing natural teeth, and 
16% opposing the MC-Tooth resto-
ration. Seventy percent of the minor 
fractures occurred when opposing an 
MC-Implant restoration, while 19% of 
the minor fractures opposed natural 

teeth and 11% opposed MC-Tooth. 
Of patients who demonstrated 

the common, clinically observable 
occlusal wear patterns consistent 
with bruxism or self-reported this 
parafunctional habit, 60% had ma-
jor porcelain fractures, compared to 
40% of patients without a bruxism 
habit. Patients with a bruxism habit 
demonstrated a minor fracture rate 
of 67%, compared to 33% of the pa-
tients without a bruxism habit. With 
respect to the use of a protective oc-
clusal device, 57% of the patients not 
wearing a device had major fractures, 
compared to 43% who wore a device, 
while 53% of the patients not wear-
ing a device had minor fractures, 
compared to 47% who wore a device 
(Table III).

Considering the hypothesis that 
the potential risk factors could have a 
different effect on whether the metal 
ceramic prosthesis caused minor or 
major fractures, all of the patient- 
and implant-specific factors were in-
cluded in a main-effect odds model 
with the ordinal outcome responses 
(no, minor, and major fractures). 
The proportional odds assumption 
was examined and found to be un-
supported using a logistic regression 
model (P=.034). Therefore, a partial 
proportional odds model was an al-
ternative model; it can be applied 

when the proportionality assumption 
does not hold for all explanatory vari-
ables but there is proportionality for 
some. 

The opposing dentition, bruxism, 
and occlusal device were demon-
strated to be risk factors for porce-
lain fractures. As shown in Table IV, 
the metal ceramic restoration had 
approximately 7 times higher odds 
of fracture when opposing another 
implant-supported restoration, as 
compared to a natural tooth (odds 
ratio (CR)=7.06; 95% confidence in-
terval (CI): 2.57 to 19.37, df=3, GEE), 
and 13 times higher odds of a major 
fracture (OR=13.95; 95% CI: 2.25 to 
86.41, df=3, GEE). Patients with a 
bruxism habit had approximately 7 
times higher odds of porcelain frac-
ture (OR=7.23; 95% CI: 3.86 to 13.54, 
df=1, GEE) and 5 times higher odds 
of major fracture (OR=5.60; 95% CI: 
1.88 to 16.66, df=1, GEE) when com-
pared to patients without a bruxism 
habit. Patients who did not wear an 
occlusal device had approximately 2 
times higher odds of porcelain frac-
ture, compared to those who wore 
an occlusal device (OR=1.92; 95% CI: 
1.01 to 3.67, df=1, GEE)

DISCUSSION

The data from this retrospective 

Table III. Comparisons of none, minor, and major ceramic failures in significant risk factors

*Comparing presence of metal ceramic failures to absence of failures using generalized estimating equation (GEE) binomial method. 

MC-Tooth: metal ceramic restoration in occlusion contact with natural tooth.

MC-Implant: metal ceramic restoration in occlusion contact with implant-supported, metal ceramic restoration.

304 (34.2%)
216 (24.3%)
368 (41.5%)

253 (28.0%)
651 (72.0%)

372 (41.2%)
532 (58.8%)

Tooth
MC-Tooth

MC-Implant

Yes
No

Yes
No

Opposing dentition

Bruxism

Occlusal device

No Fracture (n=904)

3 (5.2%)
9 (15.5%)

46 (79.3%)

35 (60.3%)
23 (39.7%)

25 (43.1%)
33 (56.9%)

Major Fracture (n=58)Minor Fracture (n=36)

7 (19.4%)
4 (11.1%)

25 (69.5%)

24 (66.7%)
12 (33.3%)

17 (47.2%)
19 (52.8%)

Number of Dental Units (n)

study led to rejection of the null hy-
pothesis and indicate that there is 
sufficient evidence to show the sig-
nificance of patient-specific and im-
plant-specific variables, as selected, in 
terms of predicting porcelain fracture 
of implant-supported, metal ceramic 
restorations. The study found that 
there were 94 (9.4%) porcelain frac-
tures of the 998 implant-supported 
dental units examined, which is con-
sistent with other reports.5-9 Of the 
total number of fractures recorded, 
58 (over 60%) required repair or re-
placement of the restoration, which 
adversely impacts both the dentist 
and patient. The reasons for this fail-
ure rate may be related to the inherent 
differences between metal ceramic 
restorations supported by dental im-
plants and those supported by natu-
ral dentition. 

Goodacre et al1 conducted a com-
prehensive literature review regard-
ing complications associated with 
single porcelain crowns and FPDs 
on natural teeth. The combined data 
from the studies reviewed found that 
6 of 199 crowns and 17 of 768 fixed 
prostheses exhibited porcelain fail-
ure, for a mean of 2% with a range 
of 0.6% to 4%. Therefore, the results 
found in the present study represent 
an approximately fivefold increase in 
implant-supported as compared to 
tooth-supported restorations.

A finding from the present study 
was a disproportionate increase of 
porcelain fracture in patients with a 
bruxism habit, patients not wearing a 
protective occlusal device, and when 
the restoration opposed another im-
plant-supported metal ceramic crown 
or FPD. A hypothesized reason for 
this discrepancy is the biomechanical 
and neurosensory input differences 
between implants and teeth.10-16 

The minimum threshold percep-
tion of occlusal load between re-
stored dental implants and natural 
teeth has been measured in several 
studies.13-16 Hämmerle et al13 found 
that the mean occlusal force required 
to stimulate the threshold perception 
was approximately 9 times greater for 

the implant crown. Although in natu-
ral dentition, the incisors are more 
sensitive to tactile perception than 
posteriorly positioned teeth, no such 
relationship was found in implant-
supported crowns.15 The threshold of 
perception was constant regardless of 
prosthetic tooth position. This is con-
sistent with the findings of the present 
study, that location in the dental arch 
was not significant for the predict-
ability of ceramic failure. El-Sheikh 
et al16 also found that the metal ce-
ramic fixed prosthesis was susceptible 
to porcelain fracture and prosthetic 
component failure caused by exces-
sive load resulting from the lack of a 
resilient periodontal ligament and the 
patient’s reduced ability to detect oc-
clusal interferences. 

Therefore, in the absence of a 
neurosensory mechanism that ad-
equately compensates for the PDL’s 
proprioception and compressibility, 
future research should be directed to-
ward resilient and less fracture-prone 
restorative materials, especially when 
implant-supported restorations are 
in occlusal opposition. Randomized 
clinical trials using prospective veneer-
ing materials for implant-supported 
restorations in occlusal opposition 
should be initiated to evaluate pros-
thetic failure, biocompatibility, and 
wear resistance. 

This study was limited to record-
ing the presence or absence of porce-
lain fractures. It was not intended to 
evaluate other prosthetic or biologic 
complications associated with the 
implant-supported restorations. An-
other limitation was the inability to 
account for the potential influence of 
possible errors in the laboratory fabri-
cation of the prostheses on porcelain 
fracture.

Because the costs associated with 
implant-supported fixed restorations 
are generally greater than with other 
treatment alternatives, the clinician 
should be aware of the circumstances 
in which ceramic fractures are likely 
to occur. The decision for the clinician 
is whether or not the increased risk 
of porcelain fracture of the implant-

supported metal ceramic restoration 
is acceptable. As implant-supported 
metal ceramic restorations become 
more complex, with multiple dental 
units, it becomes more important 
to weigh the risks, with respect to 
ceramic fractures, when determin-
ing what type of restoration has the 
greatest long-term prognosis. 

CONCLUSIONS

Within the limitations of this 
study, the risk of porcelain fracture 
of an implant-supported metal ce-
ramic crown or FPD was greater than 
the risk of fracture in the same types 
of prostheses supported by natural 
dentition. Fractures, especially major 
ones, were more frequent when the 
restoration was in occlusal opposi-
tion with another implant-supported 
single crown or FPD, or when the pa-
tient had a bruxism habit. It was also 
indicated that not using an occlusal 
device was a significant factor for por-
celain fracture. 
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an implant-supported, metal ceramic 
prosthesis (MC-Implant), compared 
to approximately 3% patients who ex-
perienced fracture(s) in restorations 
opposing a natural tooth (Tooth), 
and 6% patients who experienced 
fracture(s) in restorations opposing 
a tooth-supported, metal ceramic 
prosthesis (MC-Tooth). Furthermore, 
using the GEE binomial method, it 
was found that among the patient-
specific and implant-specific factors 
examined, the patient’s bruxism habit 
(P<.001, df=1, GEE) and the oppos-
ing dentition (P=.003, df=3, GEE) 
were potential risk factors for metal 
ceramic fractures and prosthesis fail-
ure (Tables I and II). 

Some of the patient-specific and 
implant-specific factors were found 
to be significantly associated with the 
presence of porcelain fractures in pa-
tients. The potential risk factors for 
major fracture only, minor fracture 
only, or both major and minor frac-
tures were also evaluated. Table III 
demonstrates that 79% of the major 
porcelain fractures occurred when in 
opposition to an MC-Implant restora-
tion, 5% opposing natural teeth, and 
16% opposing the MC-Tooth resto-
ration. Seventy percent of the minor 
fractures occurred when opposing an 
MC-Implant restoration, while 19% of 
the minor fractures opposed natural 

teeth and 11% opposed MC-Tooth. 
Of patients who demonstrated 

the common, clinically observable 
occlusal wear patterns consistent 
with bruxism or self-reported this 
parafunctional habit, 60% had ma-
jor porcelain fractures, compared to 
40% of patients without a bruxism 
habit. Patients with a bruxism habit 
demonstrated a minor fracture rate 
of 67%, compared to 33% of the pa-
tients without a bruxism habit. With 
respect to the use of a protective oc-
clusal device, 57% of the patients not 
wearing a device had major fractures, 
compared to 43% who wore a device, 
while 53% of the patients not wear-
ing a device had minor fractures, 
compared to 47% who wore a device 
(Table III).

Considering the hypothesis that 
the potential risk factors could have a 
different effect on whether the metal 
ceramic prosthesis caused minor or 
major fractures, all of the patient- 
and implant-specific factors were in-
cluded in a main-effect odds model 
with the ordinal outcome responses 
(no, minor, and major fractures). 
The proportional odds assumption 
was examined and found to be un-
supported using a logistic regression 
model (P=.034). Therefore, a partial 
proportional odds model was an al-
ternative model; it can be applied 

when the proportionality assumption 
does not hold for all explanatory vari-
ables but there is proportionality for 
some. 

The opposing dentition, bruxism, 
and occlusal device were demon-
strated to be risk factors for porce-
lain fractures. As shown in Table IV, 
the metal ceramic restoration had 
approximately 7 times higher odds 
of fracture when opposing another 
implant-supported restoration, as 
compared to a natural tooth (odds 
ratio (CR)=7.06; 95% confidence in-
terval (CI): 2.57 to 19.37, df=3, GEE), 
and 13 times higher odds of a major 
fracture (OR=13.95; 95% CI: 2.25 to 
86.41, df=3, GEE). Patients with a 
bruxism habit had approximately 7 
times higher odds of porcelain frac-
ture (OR=7.23; 95% CI: 3.86 to 13.54, 
df=1, GEE) and 5 times higher odds 
of major fracture (OR=5.60; 95% CI: 
1.88 to 16.66, df=1, GEE) when com-
pared to patients without a bruxism 
habit. Patients who did not wear an 
occlusal device had approximately 2 
times higher odds of porcelain frac-
ture, compared to those who wore 
an occlusal device (OR=1.92; 95% CI: 
1.01 to 3.67, df=1, GEE)

DISCUSSION

The data from this retrospective 

Table III. Comparisons of none, minor, and major ceramic failures in significant risk factors

*Comparing presence of metal ceramic failures to absence of failures using generalized estimating equation (GEE) binomial method. 

MC-Tooth: metal ceramic restoration in occlusion contact with natural tooth.

MC-Implant: metal ceramic restoration in occlusion contact with implant-supported, metal ceramic restoration.

304 (34.2%)
216 (24.3%)
368 (41.5%)

253 (28.0%)
651 (72.0%)

372 (41.2%)
532 (58.8%)

Tooth
MC-Tooth

MC-Implant

Yes
No

Yes
No

Opposing dentition

Bruxism

Occlusal device

No Fracture (n=904)

3 (5.2%)
9 (15.5%)

46 (79.3%)

35 (60.3%)
23 (39.7%)

25 (43.1%)
33 (56.9%)

Major Fracture (n=58)Minor Fracture (n=36)

7 (19.4%)
4 (11.1%)

25 (69.5%)

24 (66.7%)
12 (33.3%)

17 (47.2%)
19 (52.8%)

Number of Dental Units (n)

study led to rejection of the null hy-
pothesis and indicate that there is 
sufficient evidence to show the sig-
nificance of patient-specific and im-
plant-specific variables, as selected, in 
terms of predicting porcelain fracture 
of implant-supported, metal ceramic 
restorations. The study found that 
there were 94 (9.4%) porcelain frac-
tures of the 998 implant-supported 
dental units examined, which is con-
sistent with other reports.5-9 Of the 
total number of fractures recorded, 
58 (over 60%) required repair or re-
placement of the restoration, which 
adversely impacts both the dentist 
and patient. The reasons for this fail-
ure rate may be related to the inherent 
differences between metal ceramic 
restorations supported by dental im-
plants and those supported by natu-
ral dentition. 

Goodacre et al1 conducted a com-
prehensive literature review regard-
ing complications associated with 
single porcelain crowns and FPDs 
on natural teeth. The combined data 
from the studies reviewed found that 
6 of 199 crowns and 17 of 768 fixed 
prostheses exhibited porcelain fail-
ure, for a mean of 2% with a range 
of 0.6% to 4%. Therefore, the results 
found in the present study represent 
an approximately fivefold increase in 
implant-supported as compared to 
tooth-supported restorations.

A finding from the present study 
was a disproportionate increase of 
porcelain fracture in patients with a 
bruxism habit, patients not wearing a 
protective occlusal device, and when 
the restoration opposed another im-
plant-supported metal ceramic crown 
or FPD. A hypothesized reason for 
this discrepancy is the biomechanical 
and neurosensory input differences 
between implants and teeth.10-16 

The minimum threshold percep-
tion of occlusal load between re-
stored dental implants and natural 
teeth has been measured in several 
studies.13-16 Hämmerle et al13 found 
that the mean occlusal force required 
to stimulate the threshold perception 
was approximately 9 times greater for 

the implant crown. Although in natu-
ral dentition, the incisors are more 
sensitive to tactile perception than 
posteriorly positioned teeth, no such 
relationship was found in implant-
supported crowns.15 The threshold of 
perception was constant regardless of 
prosthetic tooth position. This is con-
sistent with the findings of the present 
study, that location in the dental arch 
was not significant for the predict-
ability of ceramic failure. El-Sheikh 
et al16 also found that the metal ce-
ramic fixed prosthesis was susceptible 
to porcelain fracture and prosthetic 
component failure caused by exces-
sive load resulting from the lack of a 
resilient periodontal ligament and the 
patient’s reduced ability to detect oc-
clusal interferences. 

Therefore, in the absence of a 
neurosensory mechanism that ad-
equately compensates for the PDL’s 
proprioception and compressibility, 
future research should be directed to-
ward resilient and less fracture-prone 
restorative materials, especially when 
implant-supported restorations are 
in occlusal opposition. Randomized 
clinical trials using prospective veneer-
ing materials for implant-supported 
restorations in occlusal opposition 
should be initiated to evaluate pros-
thetic failure, biocompatibility, and 
wear resistance. 

This study was limited to record-
ing the presence or absence of porce-
lain fractures. It was not intended to 
evaluate other prosthetic or biologic 
complications associated with the 
implant-supported restorations. An-
other limitation was the inability to 
account for the potential influence of 
possible errors in the laboratory fabri-
cation of the prostheses on porcelain 
fracture.

Because the costs associated with 
implant-supported fixed restorations 
are generally greater than with other 
treatment alternatives, the clinician 
should be aware of the circumstances 
in which ceramic fractures are likely 
to occur. The decision for the clinician 
is whether or not the increased risk 
of porcelain fracture of the implant-

supported metal ceramic restoration 
is acceptable. As implant-supported 
metal ceramic restorations become 
more complex, with multiple dental 
units, it becomes more important 
to weigh the risks, with respect to 
ceramic fractures, when determin-
ing what type of restoration has the 
greatest long-term prognosis. 

CONCLUSIONS

Within the limitations of this 
study, the risk of porcelain fracture 
of an implant-supported metal ce-
ramic crown or FPD was greater than 
the risk of fracture in the same types 
of prostheses supported by natural 
dentition. Fractures, especially major 
ones, were more frequent when the 
restoration was in occlusal opposi-
tion with another implant-supported 
single crown or FPD, or when the pa-
tient had a bruxism habit. It was also 
indicated that not using an occlusal 
device was a significant factor for por-
celain fracture. 
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Statement of problem. Although metal ceramic fixed restorations are commonly preferred by clinicians, there remain 
a limited number of studies on how opaque porcelain color is affected by fabrication procedures, such as the number 
of firings and types of metal alloys.

Purpose. The purpose of this study was to determine the effects of various types of metal alloys on the color of 
opaque porcelain after repeated firings. 

Material and methods. Seven different types of metal ceramic alloys (3 base metals: Metalloy CC, chromium cobalt 
(B-MCC); Heraenium NA, nickel chromium (B-HNA); Argeloy NP, nickel chromium beryllium (B-ANP); 3 noble met-
als: Ceradelta, palladium silver (N-CD); Cerapall 2, palladium (N-CP2); V-Delta SF, gold palladium (N-VDSF); and 
1 high noble metal: V-Gnathos Plus, gold platinum (HN-GP)) were used to support a 0.1-mm-thick layer of opaque 
porcelain (IPS d.SIGN Opaquer, shade B1) to determine the metal alloys’ effect on the opaque porcelain color after 
repeated porcelain firings. Opaque porcelain was applied on specimens (16 mm x 1 mm) prepared from each type of 
alloy. The specimens (n=21) were subjected to 1 opaque firing, 4 consecutive dentin firing cycles, and 1 glaze firing 
cycle. Delta E values were calculated for all metal alloy groups from opaque firing (control group) to each subse-
quent firing stage within each tested alloy group. One-way ANOVA and Fisher’s least significant difference tests were 
performed to determine the differences between alloys. In addition, ΔE values calculated after repeated firings were 
analyzed by 1-way ANOVA and paired t test, to determine whether repeated dentin firing stages affected the color of 
opaque porcelain (α=.05).

Results. After the first and second dentin firings, the color shift in opaque porcelain was significant for all tested alloy 
groups (P<.001). The color of opaque porcelain changed significantly after the third dentin firing for all groups except 
for B-HNA and N-VDSF (P<.001). After the fourth dentin firing, the color of opaque porcelain changed significantly 
for all tested alloy groups (P=.022 for B-ANP, P=.042 for N-VDSF, and P<.001 for remaining alloys). After glaze firing, 
the color change in opaque porcelain was significant in all but the N-CP2 group (P=.002 for N-VDSF, P=.014 for HN-
GP, and P<.001 for remaining alloys). Delta E values showed that B-MCC after the first dentin firing, N-CD after the 
second dentin firing and glaze firing, and B-ANP after the third and fourth dentin firings showed significantly different 
ΔE values than all remaining test alloys (P<.001). 

Conclusions. Subsequent porcelain firings significantly affected the color of a 0.1-mm-thick layer of opaque porcelain 
for all alloys tested. After the third and fourth firings, 1 base metal alloy (B-ANP) showed significantly greater color 
change than the remaining dental alloys when the color difference was compared to baseline. In addition, the color 
change in a noble alloy (N-CD) was significantly less than that of the other alloys after glaze firing. However, color 
shifts after repeated dentin firings were imperceptible (ΔE<2.6) and clinically acceptable (ΔE<5.5) for each type of al-
loy. (J Prosthet Dent 2009;101:395-404)
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Platform-switched restorations on wide-diameter implants: A 5-year clinical prospective 
study

Vigolo P, Givani A.
Int J Oral Maxillofac Implants 2009;24:103-9. 

Purpose: The purpose of the present investigation was to clinically assess and compare crestal bone changes, over a 
5-year period, around external-hexagon wide-diameter implants restored with either matching wide-diameter pros-
thetic components or with platform-switched prosthetic components.

Materials and Methods: During the years 2000 to 2002 all patients who received a single 5-mm-diameter implant 
with an external hexagon in a private office setting were included in this study. All implants were placed in the poste-
rior areas of the jaws. Maxillary left molars (group A1) and mandibular right molars (group A2) were restored with 
matching wide-diameter prosthetic components; maxillary right molars (group B1) and mandibular left molars (group 
B2) were restored with platform-switched prosthetic components. Marginal bone resorption was measured via in-
traoral radiographs each year after abutment and crown insertion. Statistical analyses were used to determine whether 
there was a significant difference in marginal bone levels with respect to the width of prosthetic components used.

Results: In all, 182 single 5-mm-diameter implants were placed in 144 patients and all implants survived. Eighty-five 
implants were restored with matching wide-diameter prosthetic components (group A), and 97 implants were re-
stored with platform-switched prosthetic components (group B). A significant difference in marginal bone levels was 
found between group A and group B implants after 1 year. The mean marginal bone resorption was 0.9 mm (SD 0.3 
mm) for group A implants and 0.6 mm (SD 0.2 mm) for group B implants. Marginal bone resorption observed at the 
second, third, fourth, and fifth years after abutment and crown insertion did not show any significant change.

Conclusion: Statistically significant differences in marginal bone loss were observed between study groups. The 85 
implants restored with matching wide-diameter prosthetic components showed more bone loss than the 97 implants 
restored with platform-switched prosthetic components.

Reprinted with permission of Quintessence Publishing.
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