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Metal-ceramic single crowns (SCs) and fixed den-
tal prostheses (FDPs) have been in clinical use 

for over 40 years and are considered the gold stan-
dard in reconstructive dentistry. It is surprising, then, 
that few long-term studies (> 5 years) have docu-
mented the clinical performance of large cohorts of 
metal-ceramic SCs. In 2007, a systematic review of 
this topic identified only six suitable studies.1 Other 
relevant studies were identified, but they failed to 
distinguish between different crown types (metal-ce-
ramic, gold-resin, full-gold). Thus, the specific clinical 
performance of metal-ceramic SCs could not be ex-
tracted for analysis. 

A further complicating factor is that the term “met-
al-ceramic” encompasses a wide variety of alloys 
used as the substructure for the veneering porcelain. 
These alloys have their own unique advantages and 
disadvantages.2 A classification system was devised 
to account for this variety of casting alloys3 and later 
revised to include cast and milled titanium and tita-
nium alloys.4 High noble alloys are classified as hav-
ing a noble metal content of greater than 60% and 
minimum gold content of greater than or equal to 
40%. These gold-based alloys (eg, gold-platinum-
palladium, gold-palladium-silver, gold-palladium) 
have well-established clinical integrity and accept-
ability over an extended period of time.5 Although the 
gold content of alloys varies, high gold–based alloys 
(gold ≥ 75%) are commonly used and are subject to 
specifications set by the International Organization 
for Standardization (ISO).

The systematic review1 reported an estimated sur-
vival of metal-ceramic SCs of 95.6% (95% confidence 
interval: 92.4% to 97.5%) after at least 5 years. Review 
of the six included studies revealed heterogeneity of 
the metal substrate used in one paper,6 with 21 of 
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Purpose: This study aimed to present the up to 25-year clinical performance and 
survival of 2,340 high gold–based metal-ceramic single crowns placed in a specialist 
prosthodontic practice. Materials and Methods: All crowns provided to 670 patients 
between 1984 and 2008 were sequentially recruited. Each crown/tooth combination was 
given a prognostic evaluation at cementation. Patients were recalled in 2008 and 2009 
for examination, and patient records were scrutinized for any retreatment. Estimated 
cumulative survival, standard error, and differences in survival between groups were 
calculated using the Kaplan-Meier method, Greenwood formula, and log-rank test, 
respectively. Crown status (six-field classification) was reported within 5-year groupings 
and for 7, 10, and 12 years. Results: The up to 10-year and 25-year estimated survival 
rates of the 2,211 favorably rated crowns were 97.08% ± 0.45% and 85.40% ± 2.19%, 
respectively. The up to 12-year survival for crowns in the postimplant era was 94.4% 
± 2.78%. No significant differences related to sex, tooth type, or tooth position were 
demonstrated. Nonvital teeth had lower overall survival rates than vital teeth, but not in 
crowns placed in the postimplant era. Actual 10-year outcomes closely matched the 
estimated 10-year survival. Biologic factors accounted for 101 of the 133 failures, while 
mechanical factors accounted for 8 failures and patient concerns accounted for 24 
failures. Porcelain fracture requiring replacement occurred in 4 crowns. Conclusions: 
The clinical performance of the crowns was excellent. Biologic factors accounted 
for the majority of failures. Material stability was excellent. Patient complaints of 
unacceptable esthetics resulted in 22 crowns being replaced after a mean clinical 
service time of 14 years. Int J Prosthodont 2013;26:151–160. doi: 10.11607/ijp.3136 
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the 42 crowns composed of pure titanium and the 
remaining 21 composed of gold-based alloys. In an-
other study, 43 metal-ceramic crowns were included 
in the meta-analysis, but the composition of these 
crowns (gold-resin or metal-ceramic) could not be 
verified.7 Therefore, the subsequent calculation of to-
tal crown exposure time and estimated survival may 
be misleading. In addition, knowledge of the clinical 
performance of the various classes of metals and al-
loys used for metal-ceramic SCs is limited.

Metal-ceramic SCs are associated with a perceived 
lack of esthetics due to the dark metal substructure and 
possible bluish appearance of the marginal tissues. This 
disadvantage has stimulated the development of all-ce-
ramic alternatives. The possibility for computer-aided/
computer-assisted manufacture (CAD/CAM) of these 
materials has led to the involvement of large commer-
cial enterprises and extensive promotion, despite a lack 
of clinical longevity studies. Indeed, it has been claimed 
that all-ceramic materials represent the standard of 
care for SCs, especially in the anterior region.8 

In the mid-1990s, modern nonfeldspathic all-ce-
ramic SCs entered mainstream dental practice. This 
coincided with the common use of implants for the 
partially edentulous dentition. Meanwhile, the use of 
metal-ceramic SCs has straddled the pre- and post-
implant eras. The survival of high gold–based metal-
ceramic SCs has significantly improved following the 
introduction of implants and the associated decreased 
use of structurally compromised teeth.9 However, out-
come reporting and comparative assessments with 
other materials for both metal-ceramic and all-ceram-
ic restorations have yet to account for this factor. 

Most patients expect SCs to last for a minimum 10 
years and hopefully much longer to justify the rela-
tively high initial costs involved. Long-term studies of 
more than 10 years are thus needed to provide real-
istic expectations regarding longevity. However, the 
logistics associated with carrying out such studies, 
especially in institutions, are difficult. Patient losses 
to follow-up inevitably increase with time. Statistical 
methods such as the Kaplan-Meier method10 try to 
compensate for these limitations but still result in sta-
tistical predictions of survival, with varying degrees 
of error, rather than actual survival. Thus, long-term 
studies of SCs composed of various materials are in-
dicated to enhance treatment planning, assess the 
reliability of predictive statistical methods, and allow 
for a realistic comparison with alternative techniques 
and materials.

The aim of this study was to present the up to 25-
year clinical performance and survival of 2,340 high 
gold–based metal-ceramic SCs provided in a special-
ist prosthodontic practice to 670 patients. 

Materials and Methods

Inclusion 

All patients (n = 670) who received full-coverage SCs 
between January 1984 and December 2008 were se-
quentially enrolled in this study. The author performed 
all treatments. Clinical procedures were standardized 
and have been described elsewhere.11 Preparation 
resistance form was enhanced with vertical grooves 
when required. Polyvinyl siloxane impressions were 
copper electroplated. Dies were trimmed, margins 
were demarcated, and cement relief was provided by 
the author. Master casts were mounted on average-
value arcon articulators with an appropriate maxillo-
mandibular relationship before they were sent to the 
commercial laboratory. One commercial laboratory 
fabricated all crowns using only high-gold alloys with 
a minimum gold content of 75% and complying with 
ISO specifications 22674 and 9693. Resistance from 
the die against rotation of the crown was confirmed 
prior to cementation. All crowns were cemented with 
zinc phosphate cement. No patients were provided 
with protective occlusal splints after crown insertion.

The crowns (n = 2,340) were divided into two 
groups based on a prognostic evaluation of the 
crown/tooth combination made at the time of ce-
mentation. A favorable prognosis was applied if the 
crown/tooth combination was expected to exceed 10 
years of clinical service (n = 2,211). An unfavorable 
prognosis was applied if either the tooth or its sup-
port was compromised and not expected to survive 
10 years of clinical service (n = 129). Wide immature 
root canals, loss of two-thirds of bone support, and 
subgingival tooth fracture (Fig 1) are examples of fac-
tors that may have prompted an unfavorable rating. 
Crowns with an unfavorable prognosis were excluded 
from Kaplan-Meier survival estimations. Parafunction 
(eg, suspected bruxism) did not trigger an unfavorable 
prognosis or exclude the restoration from analysis.

Evaluation

All patients were recalled between January 2008 
and December 2009 and examined by the author. 
Patients who received crowns in 2008 were recalled 
a minimum of 12 months after cementation. Loss of 
crowns or evidence of modification was documented 
by direct examination and scrutiny of patient records. 
Patients were also asked if they had received any 
form of treatment of the crown(s) or associated tooth 
from other practitioners. 
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Similar assessments had been carried out for all 
crowns in situ in 1993 (previously published12), 1998, 
2003, and 2006 (previously published9).

Six-Field Classification 

The status of each crown was classified into one of six 
objectively defined categories12: 

1. Successful. Examination of the patient and review 
of the records revealed no evidence of retreatment 
other than maintenance procedures, including pro-
phylaxis, minor occlusal or contour adjustments, 
and smoothening of veneering materials that did 
not require further repair or compromise the es-
thetics of the restoration (as determined by the 
patient).

2. Surviving. The patient could not be examined di-
rectly, but the patient, another dentist, or examina-
tion of the patient’s records confirmed that there 
had been no retreatment except that described for 
a successful outcome.

3. Unknown. The patient could not be located or a 
successful or surviving crown had been removed 
to allow for provision of a new prosthesis, eg, when 
a single crown had become a FDP abutment fol-
lowing adjacent tooth loss or removal of a tooth 
to facilitate provision of an implant-supported 
prosthesis.

4. Repaired. The original marginal integrity of the 
crown and tooth was maintained irrespective of 
other modifications. Occlusal or lingual perforation 
of a crown to gain access for endodontic therapy 
was not considered a repair.

5. Failed. The tooth and/or crown had been removed. 
The crown or its original marginal integrity with 
the tooth had been lost or the crown had been 
recemented more than twice after permanent res-
toration regardless of whether the original tooth-
restoration interface had been reestablished (failed 
but still in situ).

6. Dead. Patients who died during the specified sur-
vey period except if previously categorized as re-
paired or failed. 

Clustering

Many patients (64.5%) received more than one crown. 
Crowns placed within the same patient are subject to 
similar environmental factors, which may influence 
outcomes. To explore the possibility of a clustering 
effect, a random number table was generated and 
used to identify one crown per patient for compara-
tive analysis, as described previously.13 The outcomes 
of these solitary crowns were compared with the out-
comes of all crowns in the cohort.

Postimplant Era

The postimplant era for this patient cohort was con-
sidered to include crowns placed between January 
1996 and December 2008. 

Statistical Analysis

Patient demographics were reported as means and 
standard deviations. Crowns were grouped for analy-
sis according to cluster category (random selection 

Fig 1a  Fractured maxillary incisors in a 21-year-old female. 
The patient elected to salvage the teeth even though she was 
advised that the central incisors and right lateral incisor had an 
unfavorable (10-year) prognosis. 

Fig 1b  The restored teeth, which exceeded expectations and 
remain in situ after 9 years.
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versus all crowns), sex, prognostic outcome (favor-
able versus unfavorable), era (pre- versus postim-
plant), vitality, tooth type, and tooth location.

Estimated cumulative survival was calculated using 
the Kaplan-Meier method. Standard error was calcu-
lated with the Greenwood formula. The number at risk 
within each interval was considered to be the num-
ber entering the interval minus half the number cen-
sored during that interval. Survival was expressed as 

a percentage ± standard error. Differences in survival 
between groups were analyzed with the log-rank test. 
Statistical significance was set at P < .05. 

The frequencies of each crown status as deter-
mined by the six-field classification were reported 
within 5-year groupings (1 to 5, 5 to 10, 10 to 15, 15 
to 20, and 20 to 25 years), for 7 years (232 posterior 
crowns placed in 1986, 1991, 1997, 1999, and 2001 and 
assessed in 1993, 1998, 2004, 2006, and 2008, respec-
tively), and for 10 years (348 crowns placed in 1988, 
1993, 1996, and 1998 and assessed in 1998, 2003, 
2006, and 2008, respectively). Reasons for reporting 
the 7- and 10-year data are explored further in the 
discussion. The reasons for failure were tabulated.

Data were analyzed using PASW Statistics (version 
18.0, IBM) and KaleidaGraph (version 4.1, Synergy).

Results

The distribution of the 2,340 crowns in terms of 
tooth position and vitality at the time of cementa-
tion is shown in Fig 2. The majority (67%) of crowns 
were placed in the esthetic zone (maxillary anterior 
and premolar teeth). Maxillary central incisors were 
the most frequently crowned teeth. The distribution 
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Fig 2  Distribution of the crowns (n = 2,340).
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Fig 3  Distribution of the unfavorably rated crown/tooth com-
binations (n = 129).
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Fig 4  Number of crowns per patient (n = 670) between 1984 
and 2008 (range = 1 to 24 crowns; mean = 3.5 ± 3.5).
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of the unfavorably rated crown/tooth combinations 
(n = 129) is shown in Fig 3. Nonvital maxillary inci-
sors were predominant, and 73% of these unfavorably 
rated combinations were located in the esthetic zone. 

Patients attended 1 to 10 treatment sessions (total 
= 978; mean = 1.6 ± 0.91). All sessions were sepa-
rated by at least 6 months. Patients received 1 to 24 
crowns (mean = 3.5 ± 3.5); 35.5% of patients received 
1 crown and 32% received more than 3 crowns (Fig 
4). Females (n = 435, 65%) with ages ranging from 
17 to 81 years (mean = 48.28 ± 11.79 years) received 
1,526 crowns (65%). Males (n = 235, 35%) with ages 
ranging from 14 to 80 years (mean = 50.84 ± 14.37 
years) received 814 crowns (35%). 

There were no significant differences in esti-
mated cumulative survival between the sexes (P = 
0.81), between anterior and posterior tooth locations  
(P = .08), or between tooth types (P = .081 to .994) 
(Table 1).

Of the 2,340 crowns, 129 (5.5%) in 82 patients were 
assigned an unfavorable rating and 2,211 (94.5%) in 
634 patients were assigned a favorable rating. In 36 
patients, all crowns (n = 60; range = 1 to 10; mean 
= 1.7 ± 0.74) were rated unfavorably; in 46 patients, 
at least 1 crown was rated unfavorably. The 25-year 

estimated survival of the unfavorably rated crown/
tooth combinations (50.34% ± 12.02%) was signifi-
cantly lower than that of the favorably rated combina-
tions (85.40% ± 2.19%) (P < .001) (Fig 5). 

The effect of clustering on outcomes was explored. 
There was no significant difference (P = .383) in the 
25-year estimated cumulative survival when the fa-
vorably rated crowns (n = 2,211; estimated survival 
= 85.40% ± 2.19%) were compared with the random 
sample (n = 634; estimated survival = 84.04% ± 
5.54%) (Fig 6). There was no evidence that clustering 
influenced outcomes; therefore, the entire favorably 
rated cohort was used for further analysis.

The estimated cumulative survival of the 2,211 fa-
vorably rated crowns was 99.10% ± 0.22%, 97.08% ± 
0.45%, 96.32% ± 0.55%, 87.65% ± 1.57%, and 85.40% 
± 2.19% at 5, 10, 15, 20, and 25 years, respectively. The 
12-year estimated survival for crowns provided prior 
to 1996 in the preimplant era (n = 942, 42.6%) was 
95.78% ± 0.73%, while the estimated survival for the 
1,269 (57.4%) crowns provided in the postimplant era 
was 94.4% ± 2.78% (P = .126)

Of the 2,340 crowns, 1,445 (61.7%) were placed on 
vital teeth and 895 (38.3%) were placed on nonvital 
teeth; 47 (3.3%) of vital teeth were root filled post 

Table 1  Estimated Cumulative Survival of Different 
Tooth Types Compared with the Remaining Favorably 
Rated Crowns (Log-Rank Test)

Favorably rated crowns

n P

Maxilla

Central incisors 464 .486

Lateral incisors 366 .104

Canines 240 .665

First premolars 218 .153

Second premolars   184 .356

First molars 149 .994

Second molars 61 .377

Third molars 1* –

Mandible

Incisors 50 .163

Canines 77 .081

First premolars 116 .484

Second premolars 96 .264

First molars 128 .815

Second molars 57 .171

Third molars 4* –

Total 2,211

*Inadequate number for statistical comparison.
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Fig 5  Estimated cumulative survival of the favorably rated 
crowns (n = 2,211) versus the unfavorably rated crowns (n = 
129).
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crown cementation. The estimated cumulative sur-
vival of the crowns on vital teeth (87.40% ± 2.48%) 
was significantly higher than that of crowns on non-
vital teeth (77.33% ± 3.83%) (P < .001). Of the 2,211 
favorably rated crowns, 1,433 (64.8%) were placed on 
vital teeth and 778 (35.2%) were placed on nonvital 
teeth. Again, the estimated survival of crowns on vital 
teeth (87.31% ± 2.52%) was significantly higher than 
that of crowns on nonvital teeth (82.43% ± 3.46%)  
(P < .001) (Fig 7). 

However, when the estimated cumulative survival 
of only crowns placed in the postimplant era was ana-
lyzed, there was no significant difference in the 12-
year survival of crowns placed on vital (n = 825) and 
nonvital (n = 444) teeth (P = .10). 

Table 2 shows the six-field classification of the 
5-year groupings. As expected, losses to follow-up 
and the failure rate increased with time. 

Table 3 shows the 7-year six-field classification of 
232 posterior crowns placed in 1986, 1991, 1997, 1999, 
and 2001 and assessed in 1993, 1998, 2004, 2006, and 
2008, respectively. The failure rate for these crowns 
was 2.5%.

The 10-year six-field classification of 348 crowns 
placed in 1988, 1993, 1996, and 1998 and assessed in 
1998, 2003, 2006, and 2008, respectively, is shown in 
Table 3. Failure occurred in 4.5% of crowns. The sur-
vival rate (combined success, survival, and repaired) 
of the known 289 crowns was 95%.

The reasons for the 133 crown failures (5.7% of all 
crowns) and associated average clinical service time 

Table 2  Distribution (%) of the 2,340 Crowns in the 
Six-Field Classification Over 5-Year Intervals 

Outcome

Service time (y)

1–5 5–10 10–15 15–20 20–25

Success 94 81 55 49 41

Survival 4 4 15 12 9

Dead 0 0 2 6 7

Unknown 1 10 21 20 31

Repaired 0 2 2 1 1

Failed 1 3 5 12 11

Total 100 100 100 100 100

Table 3  The Six-Field Classification of 232 Posterior 
Crowns at 7 Years and 348 Crowns (All Positions) at 10 
Years 

Outcome 

7-y posterior 10-y all positions 

n % n %

Success 178 77 223 64

Survival 16 7 47 13.5

Unknown 31 13 58 16.5

Dead 1 0.5 1 0.5

Repaired 0 0 4 1

Failed 6 2.5 15 4.5

Total 232 100 348 100
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Fig 6  Up to 25-year estimated cumulative survival of the fa-
vorably rated crowns (n = 2,211) and a random sample of 1 
favorably rated crown per patient (n = 634).
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Fig 7  Up to 25-year estimated cumulative survival of vital and 
nonvital favorably rated crowns (n = 2,211).
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to failure (range = 1 to 14 years; median = 7 years) are 
shown in Table 4. Biologic factors accounted for 101 
(75.9%) of the failures (4.3% of all crowns), mechani-
cal factors accounted for 8 (6.0%) of the failures (0.3% 
of all crowns), and patient concerns accounted for 24 
(18.1%) of the failures (1.0% of all crowns). Tooth frac-
ture caused 50 (37.6%) failures, with a mean service 
time of 7 years. Porcelain fracture (n = 4), resulting 
in either composite repair or crown replacement for 
3.0% of the failures (0.2% of all crowns), with a mean 
service time of 13 years. Crowns that underwent re-
placement due to patient concerns regarding esthet-
ics (n = 22; 16.5% of failures, 0.9% of all crowns) had 
the longest mean clinical service time of 14 years. Of 
the 133 failures, 27 (20.6%) survived (failed but still 
in situ); 16 (53.3%) of the 30 crowns associated with 
caries survived.

Discussion

The author previously published the clinical per-
formance and survival of high gold–based metal- 
ceramic SCs over a 10-year period.12 The current 
study includes ongoing assessment of the original co-
hort of 688 crowns in 239 patients plus 1,652 crowns 
in 431 patients placed between January 1993 and 
December 2008. 

Only six studies (one by the present author12) re-
porting the clinical performance of metal-ceramic 
SCs after at least 5 years could be identified by a re-
cent systematic review.1 These studies included 12 to 
456 patients and reported the clinical performance of 
42 to 1,037 crowns. The 5-year survival ranged from 
91% to 97%, which is lower than that of the present 
study. The relatively low sample sizes and heteroge-
neity of the materials used in these studies indicate 
that there are few high-quality long-term studies in 
the literature regarding the clinical performance of 
high gold–based metal-ceramic SCs. 

Differences in outcomes between studies are 
multifactorial, and comparison of long-term studies 
is complicated by dissimilar success/survival defini-
tions, continued loss to follow-up, variable operator 
expertise, and limited reporting of clinical methodol-
ogy. A tendency exists within both primary research 
and systematic reviews to define survival as “the res-
toration remaining in situ with or without modifica-
tion.” However, few of these reports are accompanied 
with additional tallies of complications and their se-
verity, without which it is impossible to form a realistic 
assessment of overall clinical performance. Thus, this 
broad survival definition has limited application in for-
mulating treatment decisions. 

Table 4  Reasons for Failure of the Favorably and Unfavorably Rated Crowns (n = 2,340)

Reason for failure

Failed Failed (in situ)*

n % Mean service (y) n %

Biologic

Caries (extensive) 8 6.0 7 1 0.8

Caries (marginal only) 22 16.5 5 15 11.3

Coronoradicular fracture 16 12.0 7 1 0.8

Root fracture 34 25.6 7 1 0.8

Periodontal breakdown 15 11.3 13 0 0

Endodontic breakdown 6 4.5 11 0 0

Mechanical

Lost retention of crown × 2 3 2.2 5 1 0.8

Lost retention of post and core × 2 1 0.8 1 0 0

Metal fracture 0 0 – 0 0

Porcelain fracture 4 3.0 13 1 0.8

Patient-related

Esthetics 22 16.5 14 7 5.3

Endodontic treatment 1 0.8 5 0 0

Unexplained pain 1 0.8 8 0 0

Total 133 100 27 20.6

*Restoration able to remain in situ despite failure.
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For this study, clinical performance was reported 
using both estimated cumulative survival and the 
six-field classification. One advantage of the six-field 
classification is the transparency of the increase in 
the unknown (dropout) cohort over time. The impact 
on the remaining fields is readily apparent. An in-
crease of 21% in the unknown category in this study 
(from the 5- to 10-year group to the 20- to 25-year 
group) is associated with a decrease of 40% in the 
success category but an increase of only 8% in the 
failure category. There is a lack of agreement in the 
literature regarding when the unknown/dropout rate 
renders a study clinically irrelevant or unsuitable for 
comparative analysis. This could result in the report-
ing of misleading data.

The ongoing inclusion of restorations over long 
periods of time also complicates long-term assess-
ments. Inevitably, loss to follow-up and failure cen-
sorship increase with time. Many researchers use 
statistical predictions of survival via the Kaplan-Meier 
method to mathematically account for this censored 
data. Unfortunately, these estimated survival rates are 
often confused with actual observed data. There is no 
reported correlation of how closely these predictions 
reflect actual outcomes in prosthodontics.

The up to 10-year estimated cumulative survival of 
high gold–based metal-ceramic SCs has been previ-
ously published by the author.12 The actual 10-year 
survival (combined success, survival, repaired, and 
failed but still in situ) of the 289 crowns placed in four 
different years in this current cohort of crowns was 
95%. This compares well with the estimated 10-year 
survival of 96.32% ± 0.55%. Thus, the predicted re-
sults were very close to the actual outcomes. 

It is not practical to carry out randomized con-
trolled trials involving different treatment techniques 
and materials in private practice. The patient/clinician 
contract demands that treatment decisions be based 
on providing the best patient care, and patients ex-
pect such decisions to be based on the best available 
evidence. Although patients may opt to participate 
in clinical trials conducted in any environment, it is 
highly unlikely that meaningful numbers would enroll 
in a randomized trial investigating the clinical perfor-
mance of prostheses when they would have to fund 
the treatment themselves. 

This is in contrast to a university-based treatment 
clinic, where the presence of student operators and 
research studies are accepted by patients as part 
of the regimen. The external applicability of the re-
sults of these university-based studies can then be 
assessed and used to support evidence-based treat-
ment planning. Unfortunately, many universities are 
beholden to third party commercial concerns for their 

ongoing viability, including research funding. These 
commercial third parties do not regard best patient 
care as their primary motivator when developing new 
materials and techniques. Expensive long-term stud-
ies are seldom completed, and the potential exists for 
these third parties to influence the dissemination of 
the results. 

The dilemma for the private practitioner is when to 
change from one treatment regimen to another. Each 
practitioner has different abilities, prejudices, and ex-
periences that can affect his or her treatment deci-
sions, irrespective of published evidence. If an obvious 
clinical problem arises, then an alternative technique 
or material should be considered. However, without 
consistent documentation of the treatment outcomes 
of his or her cohort of patients, it is difficult for the 
private practitioner to identify problematic treatment 
regimens. This leaves the operator open to influence 
by third parties offering unproven clinical techniques.

Studies completed by individual operators may be 
criticized as representing a low level of evidence and 
not reflecting outcomes that could be achieved by a 
broader group of operators. This criticism could be 
leveled at studies previously published by the present 
author. Thus, in this study, the results of the 7-year 
clinical performance of 232 posterior noble alloy SCs 
assessed over five different intervals are important. 
When compared with results obtained by 10 general 
practitioners in private practice,14 the 2.5% failure 
rate in this study compares favorably with the 3.5% 
failure rate in the 10-operator study. This similar-
ity in outcomes attests to the external applicability 
of the current study and indicates that the results 
are achievable by the average general or specialist 
practitioner. 

Previous studies have reported lower survival rates 
than those seen in this study. The survival rate of SCs 
(full-gold and metal-ceramic combined) provided by 
inexperienced operators (dental students) was 80.3% 
at 18 years.15 The applicability of those results to daily 
dental practice is questionable. In another study, 28 
of 106 metal-ceramic SCs in 12 patients failed, for 
an absolute failure rate of 26% (estimated from the 
reported results) over 5 to 25 years.16 However, the 
majority of crowns (92 of 106) were placed in patients 
with either dentinogenesis imperfecta or amelogen-
esis imperfecta. This reduced outcome was probably 
related to clustered failures associated with compro-
mised tooth substrate; 92% of failures occurred in 
41% of the 12 patients. 

Although there was no evidence that clustered 
failures affected crown survival in the present study, 
it cannot be assumed that this is always the case. 
Patient-specific systemic or local factors may bias the 
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results. Accounting for clustering will improve out-
come reporting in dentistry.

Treatment planning in fixed prosthodontics is not 
solely based on the longevity of restorations. Other 
patient-related factors can influence the choice of 
therapy. For example, a patient may demand restora-
tion of a severely compromised tooth even though its 
prognosis is highly unfavorable (see Fig 1). When car-
rying out long-term studies of clinical performance, it 
is difficult to know when to exclude such restorations 
without biasing the results.

In this study, all crowned teeth were sequentially in-
cluded in the cohort and given an expected 10-year 
prognosis at the time of cementation. The up to 25-year 
results confirm a significantly lower estimated surviv-
al of the crowns with an unfavorable rating (50.34% 
± 12.02%) compared to the favorably rated cohort 
(85.40% ± 2.19%). This distinction between favorable 
and unfavorable crowns was made because the unfa-
vorably rated cohort could negatively bias the results 
if the outcomes of this study were used to compare 
alternative techniques. This is especially of concern 
since the majority (67%) of this cohort involved teeth 
in the esthetic zone. The most common comparison 
would likely be with all-ceramic crowns, which are also 
provided primarily in the esthetic zone. Thus, further 
analysis excluded these unfavorably rated combina-
tions. In specifically designed clinical trials, these teeth 
would likely be excluded prior to randomization and 
thus would not be part of the assessed cohort. 

Biologic factors accounted for 101 (75.9%) of the 
133 failures (4.3% of all crowns, including those with 
an unfavorable prognostic rating), with root/tooth 
fractures being the most common (n = 50, 37.6%). 
Although caries was involved in 30 (22.5%) of the fail-
ures, 16 (53.3%) of the associated crowns survived 
following restoration. The mean time to failure was 
similar (7 years) for both types of failure. Crown/tooth 
loss also resulted from periodontal and endodontic 
complications (11.2% and 4% of failures, respectively), 
but the mean time to failure was much higher (13 and 
11 years, respectively). This higher rate of biologic 
failures compared to mechanical failures is in accor-
dance with the results of previous studies.15,17,18 

Loss of retention more than twice—thus triggering 
a failure classification—of either the crown or associ-
ated post and core was rare (3.0% of failures, 0.2% of 
all crowns). This probably reflects the efforts taken 
to ensure adequate resistance form in the prepara-
tions. It is relatively easy to incorporate auxiliary re-
tention and resistance factors with grooves and to 
reflect these forms in the metal superstructure of the 
SCs. Subsequently, there is much less reliance on the 
long-term integrity of the luting agent. 

Teeth supporting all-ceramic single crowns are 
subject to the same biologic and mechanical prob-
lems. However, as documented, the clinical service 
time of the MC-crowns before these problems arise is 
longer than in the reported studies of most all-ceramic 
alternatives.1,19 These common factors should be ac-
counted for when any material comparisons are made.

Fracture/chipping of the porcelain veneer resulted 
in just four (3.0%) of the failures (0.2% of all crowns), 
and there were no fractures of the metal substruc-
ture. These results compare favorably with previous 
studies.12,14 Thus, high gold–based metal-ceramic 
SCs have excellent long-term mechanical stability. In 
contrast, all-ceramic materials show a relatively high 
reported incidence of clinically significant fracture/
chipping.1,20–22 However, effective comparisons are 
impossible due to the continuing evolution of these 
materials, heterogeneity of the materials included in 
previous reports, and lack of long-term studies. Future 
developments and long-term studies may overcome 
these problems and allow for adequate comparisons. 

Patients’ esthetic concerns accounted for 22 
(16.5%) of the failures (0.9% of all crowns), and the 
average clinical service time before replacement for 
this reason was 14 years. It may be that other patients 
were also dissatisfied with the esthetics of their aging 
crowns but were not willing to pay for a replacement. 
Nonetheless, a previous study found a relatively high 
level of satisfaction (82% using a visual analog scale) 
with the esthetics of metal-ceramic prostheses up to 
20 years.23 It could also be postulated that patients 
value longevity over esthetics given the high financial 
cost of SCs and FDPs. 

Considering these results, it must be questioned 
whether the current advocacy for all-ceramic crowns 
is truly patient driven. Most promotional materi-
als show examples of metal-ceramic SCs with poor 
esthetics in contrast to relatively recently placed 
all-ceramic SCs. There is an assumption that these 
“enhanced” esthetic results will be maintained over 
the long term. 

It is the author’s experience that the majority of 
teeth requiring crowns in the esthetic zone (in con-
trast to veneers) are heavily restored, and a large 
number are nonvital and may have discolored roots. 
Any subsequent recession will affect the esthetic 
appearance, irrespective of the crown material. The 
increased translucency associated with all-ceramic 
materials may fail to mask underlying tooth and/or 
restoration discoloration. There are no studies show-
ing reduced gingival recession or inflammation over 
more than 5 years associated with all-ceramic SCs. 

There are conflicting results regarding the relation-
ship between tooth vitality and survival of SCs.12,24 
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There was a significant difference in the outcomes of 
crowned vital and nonvital teeth over the 25-year peri-
od in this study; however, this difference disappeared 
in crowns placed in the postimplant era. These results 
confirm those of a previous study by the present au-
thor,9 which found a significant improvement in the 
outcome of high gold–based metal-ceramic SCs and 
FDPs following the incorporation of osseointegrated 
dentistry and the associated decreased use of com-
promised teeth.9 Future researchers should group 
their results to reflect differences between pre- and 
postimplant eras. Efforts could also be made to rean-
alyze previously published data using this distinction. 

This study provides a comprehensive assessment 
of the long-term clinical performance of high gold–
based metal-ceramic SCs. The results show that any 
comparison between techniques must account for 
common biologic reasons for failure and must be lim-
ited to outcomes in the postimplant era. Outcomes 
reported by current systematic reviews are at best 
outdated and at worst extensively misleading. Without 
quality information, uninformed treatment planning, 
misleading comparative assessments, and unwitting 
clinical experimentation will inevitably continue.

Conclusions

The clinical performance of the 2,211 favorably rated 
high gold–based metal-ceramic SCs was excellent, 
with an estimated cumulative survival of 97.1% and 
85.4% at 10 and 25 years, respectively. Biologic factors 
in 2,340 crowns accounted for the majority (75.9%) of 
the 133 failures (5.7% of the crowns). Material stabili-
ty was excellent, with no metal fractures and only four 
instances of porcelain fracture requiring composite 
repair or crown replacement. Patient complaints re-
garding unacceptable esthetics resulted in 22 crowns 
(0.1%) being replaced after a mean clinical service 
time of 14 years.

Acknowledgments

The author reported no conflicts of interest related to this study.

References

 1.  Pjetursson BE, Sailer I, Zwahlen M, Hammerle CHF. A system-
atic review of the survival and complication rates of all-ce-
ramic and metal-ceramic reconstructions after an observation 
period of at least 3 years. Part I: Single crowns. Clin Oral 
Implants Res 2007;18(suppl 3):73–85.

 2.  Roberts HW, Berzins DW, Moore BK, Charlton DG. Metal-
ceramic alloys in dentistry: A review. J Prosthodont 2009; 
18:188–194.

 3.  ADA Council on Scientific Affairs. Classification of alloys in 
dentistry. J Amer Dent Assoc 1984;109:766.

 4.  ADA Council on Scientific Affairs. Titanium applications in 
dentistry. J Amer Dent Assoc 2003;134:347–349.

 5.  Anusavice KJ. Noble metal alloys for metal-ceramic restora-
tions. Dent Clin North Am 1985;29:789–803.

 6.  Marklund S, Bergman B, Hedlund S-O, Nilson H. An intrain-
dividual clinical comparison of two metal-ceramic systems: A 
5-year prospective study. Int J Prosthodont 2003;16:70–73.

 7.  Jokstad A, Mjor IA. Ten years’ clinical evaluation of three luting 
cements. J Dent 1996;24:309–315.

 8.  Heintze SD, Rousson V. Survival of zirconia- and metal-sup-
ported fixed dental prostheses: A systematic review. Int J 
Prosthodont 2010;23:493–502.

 9.  Walton TR. Changes in the outcome of metal-ceramic tooth-
supported single crowns and FDPs following the introduc-
tion of osseointegrated implant dentistry into a prosthodontic 
practice. Int J Prosthodont 2009;22:260–267.

10.  Kaplan EL, Meier P. Nonparametric estimation from incom-
plete observations. J Am Stat Assoc 1958;53:467–481.

11.  Walton TR. A ten-year lonfgitudinal study of fixed prosth-
odontics: 1. Protocol and patient profile. Int J Prosthodont 
1997;10:325–331.

12.  Walton TR. A 10-year longitudinal study of fixed prosthodon-
tics: Clinical characteristics and outcome of single-unit metal-
ceramic crowns. Int J Prosthodont 1999;12:519–526.

13.  Layton DM, Walton TR. The up-to 21-year clinical outcome 
and survival of feldspathic porcelain veneers: Accounting for 
clustering. Int J Prosthodont 2012;6:604–612.

14.  Reitemeier B, Hansel K, Kastner C, Walter MH. Metal-
ceramic failure in noble metal crowns: 7-year results of a 
prospective clinical trial in private practices. Int J Prosthdont 
2006;19:397–399.

15.  De Backer H, Van Maele G, De Moor N, Van den Berghe L, De 
Boever J. An 18-year retrospective survival study of full crowns 
with or without posts. Int J Prosthodont 2006;19:136–142.

16.  Krieger O, Matuliene G, Husler J, Salvi GE, Pjetursson B, 
Bragger U. Failures and complications in patients with birth 
defects restored with fixed dental prostheses and single 
crowns on teeth and/or implants. Clin Oral Implants Res 
2009;20:809–816.

17.  Valderhaug J. A 15-year clinical evaluation of fixed prosth-
odontics. Acta Odont Scand 1991;49:35–40.

18.  Sundh B, Odman P. A study of fixed prosthodontics performed 
at a university clinic 18 years after insertion. Int J Prosthodont 
1997;10:513–519.

19.  Bader JD, Shugars DA. Summary review of the survival of sin-
gle crowns. Gen Dent 2009;57:74–81.

20.  Ortorp A, Kihl ML, Carlsson GE. A 3-year retrospective and 
clinical follow-up study of zirconia single crowns performed in 
a private practice. J Dent 2009;37:731–736.

21.  Komine F, Blatz MB, Matsumura H. Current status of zirconia-
based fixed restorations. J Oral Sci 2010;52:531–539.

22.  Vigolo P, Mutinelli S. Evaluation of zirconium-oxide-based 
ceramic single-unit posterior fixed dental prostheses (FDPs) 
generated with two CAD/CAM systems compared to porce-
lain-fused-to-metal single-unit posterior FDPs: A 5-year clini-
cal prospective study. J Prosthodont 2012;21:265–269.

23.  Layton D, Walton TR. Profiles of 500 patients who did and 486 
patients who did not respond to a prosthodontic treatment 
questionnaire. Int J Prosthodont 2009;22:459–465.

24.  Valderhaug J, Jokstad A, Ambjørnsen E, Norheim PW. 
Assessment of the periapical and clinical status of crowned 
teeth over 25 years. J Dent 1997;25:97–105.

© 2013 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. 
NO PART MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER. 




