
Abstract From 1963 to 1993, 890 patients were treated
with 3518 cast gold restorations by students and post-
graduate dentists. The longevity of these restorations
was studied retrospectively using the patient files. Lon-
gevity was calculated using the method described by 
Kaplan and Meier. After the observation period, 111
(3.2%) of the examined restorations were not in place
anymore. The most frequent reasons for failure were car-
ies (33.7%), lack of retention (32.7%), endodontic treat-
ment (29.6%), insufficient marginal adaptation (3.1%)
and extraction (1%). The cumulative survival rate and a
95% interval of confidence was calculated for all restora-
tions and for each of the locations and surfaces included
in the trial. The 10-year survival rate for occlusal inlays
was, 76.1% (12.1) for MO inlays 88.3% (4.2), for DO in-
lays 83.4% (4.6), for MOD inlays 87.5% (2.4), for par-
tial crowns 86.1% (3.3) and 85.7% (1.7) for all restora-
tions. Based on the statistical method used, the cast gold
restorations demonstrated satisfactory longevity results.
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Introduction

Cast inlay and partial crown restorations are considered
clinically to be effective and long lasting. They remain
the standard treatment for a durable restoration of poste-
rior teeth [3]. Surveys of the extent of their durability are
rare in the literature. Bentley and Drake [1] calculated

the longevity of 173 inlays and 295 crowns made by stu-
dents in a dental school clinic. They used a life table
method and calculated the percentage of restorations sur-
viving 10 years or more. A 10-year survival rate of 89%
for crowns and 95% for inlays and onlays was found.
Leempoel et al. [13] used the method of Kaplan and
Meier [12] to calculate the longevity of 895 crowns and
785 partial crowns. They found a survival rate of 99%
for crowns and 96% for partial crowns after 5 years, and
97% for crowns and 91% for partial crowns after 
11 years. Westermann et al. [25] examined 222 crowns
and partial crowns made in a private dental office using
the method described by Kaplan and Meier. After 
8 years, 88% of these restorations were still in service.
Fritz et al. [10] used the method of Kaplan and Meier to
calculate survival rates of inlays and partial crowns
made in the dental school of Cologne. For 2717 restora-
tions they calculated a 10-year survival rate of 65% for
one surface inlays, 60% for two surface inlays and 68%
for three surface inlays. Partial crowns and onlays had a
survival rate of 70%. Schlösser et al. [22] calculated sur-
vival rates for 390 crowns and 725 partial crowns made
in two general practices. They used the statistical method
of Cutler and Ederer [5] to calculate a 9-year survival
rate of 92.1% for full crowns and 87.3% for partial
crowns. 

The aim of our study was to evaluate the durability of
different cast gold restorations made by students and
dentists of the Department for Operative Dentistry at the
dental school of the Philipps-University in Marburg,
Germany. 

Materials and methods

This retrospective study was based on patient records of
the Department of Operative Dentistry in the dental
school of the Philipps-University in Marburg, Germany.
The dental records of all patients with gold restorations
made by students or dentists from 1963 to 1993 were in-
cluded in the study. 
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During this time, 890 patients were treated with 3518
cast gold restorations. These restorations were divided
into 171 occlusal inlays, 294 MO-inlays, 427 DO-inlays,
862 MOD-inlays, 1679 partial crowns and 85 inlays with
more than three surfaces. Some 1593 restorations were
located in the mandibular area, 1925 were located maxil-
lary, 1409 restorations were located in premolars, and
2109 were in the molar region. 

Of the patient group, 52.3% were male and 47.7%
were female patients, with an average age of 32.4 years
calculated at the time of the restoration’s placement. All
restorations were cemented using conventional zinc
phosphate cement.

The cumulative survival rate for the restorations was
analyzed by the method described by Kaplan and Meier
[12]. A restoration was defined as intact from the date of
placement (starting event) to the date of the last known
examination recorded in the patient file if there was no
further notice that the restored tooth was extracted or the
restoration was replaced. A restoration was considered a
failure (terminal event) when the tooth was lost by ex-
traction or when it had to be replaced due to insufficient
retention, insufficient marginal adaptation, primary car-
ies at different surfaces, recurrent caries or endodontic
treatment. Recemented restorations or restorations with
repairs in the marginal area were not considered to have
failed.

After checking the data for mistakes, the survival
analysis was carried out using the Biomedical Package
for Data Processing (BMDP) procedure P1L. The 
10-year survival rates were calculated for all restorations
together as well as for each restoration type individually.
If possible, the 50% and 75% survival time was calculat-
ed. Group comparisons were done using the log rank
test.and setting the level of significance as P=0.05.. 

Results

The 10-year survival rate and the calculated 75% and
50% survival time for all groups are listed in Table 1.
As 86.1% of the partial crowns were still in function af-
ter 22.6 years, it was not possible to calculate the 75%
survival time. Except for the one-surface inlays it was
not possible to calculate a 50% survival time. Figures
1–5 show the cumulative survival function (Kaplan-
Meier) for all groups with a 95% interval of confi-
dence.

There were 111 restorations that were lost or consid-
ered to have failed. The reasons for these were caries

(n=38), insufficient retention (n=36), endodontic treat-
ment (n=33), insufficient marginal adaptation (n=3) and
extraction (n=1). The failed restorations were mostly
MOD-inlays (n=36), partial crowns (n=35), DO-inlays
(n=18), MO-inlays (n=11) and O-inlays (n=7).

A group comparison of MO-inlays and DO-inlays
showed no significant (P<0.05) difference between the
locations. A comparison of restorations in the molar and
premolar region did not demonstrate a significant differ-
ence in either the lower jaws or the upper jaws.

Table 1 The 10-year survival rate with 95% interval of confidence of all groups. If possible 50% and 75% survival quartiles were calcu-
lated. In most groups the failure rate was too low to calculate all survival quartiles

Survival rate O MO DO MOD Partial crowns All restorations

75% 11.2 15.3 15.2 26.1 – 15.2 years
50% 13.3 – – – – –
10 years 76.1%±12.1% 88.3%±4.2% 83.4%±4.6% 87.5%±2.4% 86.1%±3.3% 85.7%±1.7%

Fig. 1 Cumulative survival rate of all restorations in our study,
calculated using the Kaplan and Meier method with a 95% interval
of confidence

Fig. 2 Cumulative survival rate of occlusal restorations, calculat-
ed using the Kaplan and Meier method with a 95% interval of con-
fidence



Discussion

Using statistical methods for survival analysis, the sur-
vival time is defined as time between a predefined start-
ing event and a terminal event. This analysis can be
achieved via the production of statistical values and sur-
vival functions. The most commonly quoted statistics are
the median survival time, the survival rate after a certain
number of years (often the 5-year or 10-year survival
rate) and the cumulative survival rate (the proportion of
all cases surviving until the end of each interval) as a
function of time. 

Life table methods have the advantage that they use
all survival information accumulated up to the closing
date of the study [5]. Data with partial follow-up are re-
ferred to as censored data and fall into one of two cate-
gories: lost to follow-up before the end of the study or
withdrawn “alive” at the end of the study. 

Cutler and Ederer [5] state that the relative gain in uti-
lizing survival information with censored cases will vary
directly with the relative increase in the initial size of the
sample, the relative completeness of the added survival
information and the relative magnitude of the mortality
rates during the first few follow-up intervals.

The method of life table analysis has found wide-
spread use in medical studies, in particular cancer treat-
ment studies. Unfortunately there are essential differ-
ences with data in medical studies and dental restoration
studies [6]. In cancer studies, there is a high initial death
rate and patients are highly motivated to keep follow-up
appointments. In dental studies there is normally a low
initial failure rate, so little is gained from the inclusion
of a censored case with a short observation time. Conse-
quently, a longer period of study is required in order to
obtain a clear picture of the pattern of survival rate. 

In dental restoration studies, normal dental appoint-
ments are commonly used for the collection of data.
There can be wide gaps between these appointments and
patient fluctuation is also common. Trying to overcome
this by using regularly attending patients will possibly
introduce bias [6]. Using the end date of the study as the
date of censorship is not reliable unless it is known that
the patient will reappear and has not sought treatment
from an unrecorded source. This cannot be known with
certainty but values for the likelihood of reappearance
may be introduced [6]. 

The product-limit method proposed by Kaplan and
Meier [12] is very closely related to the actuarial life ta-
ble method. Using the life table, the period of time under
study is subdivided into intervals and for each interval
the probability of an event is calculated and combined to
estimate cumulative probabilities [5]. The method of 
Kaplan and Meier does not use fixed intervals to calcu-
late the probability of an event. Instead, the probability
of an event is calculated each time an event is observed
[12]. Leempoel et al. state that the Kaplan and Meier
method gives more accurate estimates for the survival
probabilities than the life table method [14]. 
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Fig. 3 Cumulative survival rate of two surface restorations, calcu-
lated using the Kaplan and Meier method. There was no signifi-
cant (P<0.05) difference between the two groups

Fig. 4 Cumulative survival rate of three surface restorations, cal-
culated using the Kaplan and Meier method with a 95% interval of
confidence

Fig. 5 Cumulative survival rate of partial crowns, calculated us-
ing the Kaplan and Meier method with a 95% interval of confi-
dence
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In our study we had a retrospective 31-year study time
(1962–1993). The number of cases (3518 restorations
from 890 patients) is comparable to other studies. Fritz et
al. [10] included 2717 cases from 548 patients, and Sob-
kowiak and Teseler [24] included 3006 cases from 974
patients in their studies. Nevertheless, we found a high
percentage of short time censored data. The mean time of
observation was calculated to be 2.1 years in our study.
This is comparable to the results of Fritz et al. [10] who
calculated a mean time of observation of 2.2 years. As
stated above, a large amount of short time censored data
is a problem of retrospective longitudinal studies. This
produces a higher standard error of long-term survival
probabilities and an underestimation of survival times [6]
and variance of long-term survival probabilities [7].
Therefore, the calculated survival times from our study
have to be discussed with this problem in mind. 

The survival rates for partial crowns found in this
study are comparable to other studies (Table 2). 
Schlösser et al. [22] found almost the same survival rate
(87%) after 9 years; however, the results from Leempoel
et al. [13] are slightly better. Fritz et al. [10] found a dis-
tinctly lower survival rate (70%) after 10 years.

Our results for cast gold inlays are slightly higher
than those of comparable studies. For two-surface and
three-surface inlays we found survival rates around 86%
(10 years), whereas Sobkowiak and Teseler [24] and
Fritz et al. [10] reported lower survival rates. Crabb [4]
reported a discouraging survival rate of 42% after 10
years. Nordbø and Lyngstadaas reported a median lon-
gevity of 34 years in a selected practice and 16.5 years
for gold inlays inserted by clinicians with limited ex-
perience [18]. Mjör and Medina reported a median age
of failed cast gold and compacted gold restorations of
18.5 years [17]. 

Our results show a significantly (P<0.05) lower sur-
vival rate for occlusal inlays than for two-surface or
three-surface inlays. One reason for this could be the
higher risk of approximal caries when the inlay simply
covers the occlusal surface. Restorations with two sur-
faces normally cover the occlusal surface and either the
mesial or distal surface. Comparing the longevity, we
found no significant (P<0.05) differences between these
possible locations. 

The higher survival rates found in our study may be
explained by the special selection of patients found in a
dental school. Our patients, among them many students,

are highly motivated and usually have an optimal oral
hygiene. Most of these students leave the city soon after
finishing their studies. This is the main reason we have
fewer patients in long-term-recall or routine treatment.
Consequently, only the patients who are originally from
Marburg are available for long-term follow-up. These
patients also have very good oral hygiene and receive
regular oral hygiene instruction and control. Although
we do not have a special recall program, the German so-
cial system motivates patients to have at least one oral
examination per year. In this study we did not examine
for differences between operators because our students
use the same materials and methods as our postgraduate
dentists and receive very intensive and frequent assis-
tance and supervision from our instructors.

Gold inlays have higher survival rates compared to
other restorations, especially fillings. Amalgam fillings
are reported to have a median age of 5 years [8]; other
studies reported a 50% survival time of 8 years [19,
20,25]. Jokstad et al. found a survival rate of 81% after
114 months [11]. 

Mjör et al. [15] reported a median age of failed amal-
gam restorations of 7–8 years following a review of a
large number of cross-sectional retrospective surveys.
They state that failed amalgam restorations are generally
older than failed composite restorations. The median age
of MOD composite restorations was reported to be about
4 years [15]. Friedl et al. found a median age of replaced
composite restorations of 43.5 months [9]. Paterson re-
ported a 50% survival time of 4.5 years [19]. After re-
viewing a large number of surveys, Roulet [21] conclud-
ed that the failure rate of posterior composite restora-
tions is not inferior to that of amalgam. 

Compared to other restorations for posterior teeth,
cast gold restorations are considered to be long-lasting
restorations at a high price. The cost of cast gold restora-
tions exceeds that of similar amalgam restorations by a
factor of 8:9; the price ratio between posterior compos-
ites and similar gold inlays is approximately 1:4 [2].
However, the long-term cost of restorative dentistry is
not only dependent on the cost at the time of initial treat-
ment, but also on the longevity of the restorations. The
cost of dental treatment should be considered for the 
expected lifetime of the tooth, i.e., for a period of 
50–70 years rather than for the immediate cost of a sin-
gle restoration [15]. The median longevity of failed cast
gold restorations exceeds that of failed amalgam restora-

Table 2 A comparison of sample size and survival rates of comparable studies. Survival rates are given as 10-year survival rate if not
mentioned otherwise (F1 one surface, F2 two surfaces, F3 three surfaces)

Author n Inlays Partial crown Crowns

Sobkowiak (1971) 3006 75% (6a)
Leempoel et al. (1985) 1680 96% (5a), 91% (11a) 99% (5a), 97% (11a)
Bentley et al. (1986) 468 Inlays and onlays: 95% 89% 
Westermann (1990) 222 Partial crowns and crowns: 88% (8a)
Fritz et al. (1992) 2717 F1: 65%, F2: 60%, F3: 68% 70% 
Schlösser (1993) 1115 87% (9a) 92% (9a)
Stoll et al., present study 3518 F1: 76%, F2: 88/83% (MO/DO), F3: 88% 86% 
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tions by a factor of about 2 [17] and that of composite
restorations by a factor of 4 (large restorations) and 2.5
(small restorations) [16]. 

Smales and Hawthorne [23] calculated the cost-effec-
tiveness of amalgam restorations and cast gold crowns
and found amalgam fillings to be 3.8 times more cost-
effective than gold crowns. Mjör states that amalgam
restorations now clearly represent the most cost-effective
dental restoration material [16]. 

Based on an increasing irrational fear of amalgam and
restrictions by German health authorities, the use of
amalgam in Germany is rapidly decreasing. In economic
terms this may place gold restorations in a more favor-
able position.

Conclusions

Cast gold restorations made in a dental school clinic
have a good clinical performance and high longevity.
One-surface restorations had a lower durability than
those with two or three surfaces. The location of those
surfaces (MO or DO) had no influence on the longevity. 

The continuing discussion about the use of amalgam
as a restorative material, the need for an alternative ma-
terial and the political situation of national health sys-
tems make it important to keep the economic aspects of
dental treatment in mind. The results of this study prove
a higher survival rate for cast gold restorations than for
amalgam or composite restorations. The long-term cost
of cast gold restorations competes favorably with amal-
gam and composite fillings. Cast gold restorations are a
good treatment especially for large defects. Small cavi-
ties may be restored better by using adhesive techniques.
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