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The study was designed to survey the curricular requirements, types of clinical experience, and materiak/ 
techniques used in teaching programs for all-ceramic restorations in Scandinavian dental schools. All 13 
dental schools responded. Ten offered some clinical experience to pre-doctoral students, but only onc 
required one all-ceramic restoration. The departments of futed prosthodontics had the main teaching 
responsibility. All-ceramic crowns were taught at 9, veneers at 7, and inlaydonlays at 10 dental schools. A 
wide range of different teaching concepts, materials, and views on indications and contraindications was 
reported. It appears as if all-ceramic restorations are regarded as experimental by the teaching institutions, 
although the dental industry and some practitioners strongly recommend these types of restorations. 
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Ilental amalgam has been the most commonly used 
wstorativr: material, and it still is in most parts of the 
\mrld. However, in Scandinavia many patients today 
Mish to avoid rnetallic restorations in their teeth for 
1,arious rcasons. One of the reasons is the fear of 
n~crcury release from dental amalgam (1); others 
include esthetic concerns, supplied by strong marketing 
f:fTorts, and the fact that few and smaller restorations are 
nrecied, especially in the younger population. Although 
direct restorations made with composite resin are a 
satisfactory alternative to amalgam in several situations, 
often chcir placement is contraindicated (2). Metal- 
ceraniic and all-ceramic crowns usually satisfy the 
patiients' dcmands for esthetics, but this treatment often 
rcsults in sitgnificant removal of sound tooth tissue. 

1 oe)th-colored, all-ceramic restorations include ve- 
r i r e rs ,  inlays, onlays, and crowns, and they have 
increased in popularity (3). Unpublished surveys of the 
selection of' restorative materials in Sweden (1 993-95), 
M hcrc banning of dental amalgam is under considera- 
tion. show ceramic restorations to be a frequent 
alternative restorative material to amalgam for indirect 
applications (I. A. Mjor. Unpublished observations). 
(h-amic materials for inlays and onlays (4) and for small 
hridges (5) have been in use, but ceramic veneers are of 
a relatively new date. Although ceramic materials have 
ileen used in dentistry for many years (6-8), only recent 
innovations and improved fabrication procedures have 
made c-eraniic restorations a realistic alternative in 
many clinical situations. 

The introduction of new ceramic materials has 
i-hanged the restorative practice of many dentists. The 

,- , 

knowledge base for the change has often been 
information from the manufacturer of ceramic products 
and from dental technicians, since few clinical data 
related to ceramic restorations have been accumulated 
in academic centers. Therefore, the present survey was 
designed to examine how the dental schools in 
Scandinavia provide teaching to undergraduate or 
pre-doctoral students, the curricular requirements and 
indications for use, and which materials and techniques 
that currently are in use. 

Materials and methods 
A survey questionnaire was sent to all 13 dental schools 
in Scandinavia in September 1994. Two schools are 
located in Denmark, four in Finland, one in Iceland, 
two in Norway, and four in Sweden. The survey  as 
sent directly to the clinical departments believed to be 
responsible for teaching the application of all-ceramic 
materials. The survey questionnaire was identical to the 
questionnaire used to determine the extent of teaching 
all-ceramic restorations in North American (9) and 
British (1 0) dental schools. 

The survey included topics like the types of clinical 
experience, teaching responsibility, indications and 
categories taught, requirements, indications and contra- 
indications for specific ceramic restorations, limitations 
to teaching, and the relative importance of instruction 
in the application of these materials as a component of 
the curriculum. Furthermore, the materials and clinical 
techniques used were surveyed. 
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Fig. 1. Types of all-ceramic restoratives included in the cumculum at 
10 Scandinavian dental schools (s = surfaces). 

Two months after the initial questionnaire was 
mailed, a follow-up letter was sent and a telephone 
contact was made to the non-respondents. AU 13 
schools responded and returned the questionnaire by 
December 1994, after which time the responses were 
tabulated and evaluated. 

Results 
School pol;cV 

Three of the 13 dental schools did not offer clinical 
experience with all-ceramic restorations to pre-doctoral 
students. All three schools stated that there was 
insufficient longitudinal research available to support 
the utilization of these materials, and this lack of data 
was the main reason for excluding the topic from their 
clinical curriculum. Two additional arguments were 
that the technique was too difficult for the students, and 
that it was too time-consuming. Only one dental school 
reported that a specific number of restorations (one) was 
required. The other schools offered all-ceramic restora- 
tions as optional requirements or as elective credit. Four 
schools indicated that all-ceramic restorations could also 
be made under special circumstances such as in a 
clinical research setting. 
All 13 schools replied in the questionnaire that the 

relative importance of all-ceramic restorations as a 
component of the dental school curriculum was 
increasing. The arguments for not increasing the 
teaching volume were similar to those cited by the 
three dental schools as reasons for not including the 
topics in their curriculum. 

Teaching responsibilip 
The department with the primary responsibility for 

teaching procedures using all-ceramic restorations was 
either the fured prosthodontics department (n = 4) or the 
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Fig. 2. The teeth considered suitable for all-ceramic crowns as 
reported by nine Scandinavian dental schools. Dark shade = max- 
iUary teeth, light shade = mandibular teeth. 

restorative dentistry department alone (n = 1). Three 
schools reported primarily fured prosthodontics and 
secondarily restorative dentistry. One school reported 
material science as the primary department and shared 
responsibility with prosthodontic and restorative depart- 
ments. In one school the primary responsibility wa; 
shared between prosthodontic and restorative depart- 
ments, and the material science department played a 
secondary role. 

Restoratwn ppes 
The most common all-ceramic restorations taught 

were class-II inlays/onlays, followed by crowns, class-I 
inlays, and veneers (Fig. 1). Other classes of restorations 
were rarely included in the curricula of the surveyed 
dental schools. 

Seven schools included onlays in their curriculum. 
The cavity size necessary to convert an MOD inlay to 
MOD onlay varied markedly. Two schools did not 
recommend making onlays at all. One school consid- 
ered missing cusps as a definite indication for an onlay. 
Other schools suggested conversion at 3/4 of the 
intercuspal distance (n = l), 213 (n = l), 112 (n  = 4), 
and at 1/3 (n = 1) intercuspal distance. 

The fabrication of full crowns was taught by 9 of the 
10 dental schools that included clinical experience by 
the students in heir cumculum. Two schools suggested 
that all-ceramic crowns could be placed on any tooth, 
whereas most schools limited the placement to specified 
intraoral locations (Fig. 2). Except for incisors and 
premolars, no differences were noted between maxillary 
and mandibular teeth. 

Veneers were taught at seven dental schools. The 
institutions considered that primary indications for 
veneer placement were non-carious enamel de- 
fects-that is, fluorosis, amelogenesis, tetracycline stain, 
restoration of incisal edge defects, diastema closures, 
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TabIe I .  Contraindications for placing all-ceramic restorations (10 Table 3. Materials currently used for fabrication of all-ceramic 
schools) restorations by dental students in Scandinavia (10 schools) 
--I__ 

Category No. of schools 

Poor oral hygiene 7 
Rruxing/clenching 7 

Removable partial abutment 5 
Large pulp chamber 5 
No valid esthetic requirement 3 
Inck of moisture control 3 
Short clinical crown 3 
Abrasion potential (enamel) 2 
Temporomandibular joint dysfunction 1 
Endodontically treated tooth 1 
Otherc (molars) 1 

No enamel cervically 6 

No. of schools 

Material Crowns Veneers Inlays Ordays 

Empress 7 4 8 7 
CAD/CAM 1 2 7 4 
Inceram 5 1 4 2 
Dicor 4 3 3 2 
Vita porcelain 4 3 2 2 
Mirage 2 3 2 I 

Optec HSP 1 1 1 

- Ceramco 2 2 
Cerinate 2 - 

Procera I - 

- 
- 

inlays (n = 1). In addition, five schools used zinc- 
phosphate cement for crowns. 

The use of rubber dam during cementation varied 
markedly. Three schools reported that rubber dam was 
never used, whereas other schools always used ml)ber 

varied the dental dam for some procedures, such as inlays, but not during 
the cementation of crowns (Table 4). After cementation 

esthetic change (such as shade change), misalignment 
correction, and carious enamel. Extensive erosion was 
cited under the ‘other’ category by one school. 

T ~ P  contraindications for placing all-ceramic restora- 

schools and are presented in Table 1. 

the commonest instrumentation ’ for finishing and 
Mataial.c and procedures polishing was rubber points (n = lo), diamonds 

(n = 9), paper discs and strips (n = 9), diamond paste 

crramic materials the dental schools used different bases 
and liners, impression materials, fabrication methods, 
and all-ceramic products. Three different regimens of 
cavitv treatment with bases and liners were identified. 

During the Procedures for restoring a with all- (n = g), finishing burs (n = 3), and Stones (n = 3). 

Discussion 
Dentin adhesive materials were most commonly used, 
followed by glass ionomer and calcium hydroxide bases 
iTable 2). The most common impression material used 
was addition silicone (n = 10). Polyether and hydro- 
i:olloid was used by five schools, whereas alginate and 
polysulfide were each used in one school. 

The restoration was usually manufactured at a 
commercial laboratory, but the four schools in Finland 
had the restorations made by technicians at their own 
dental school laboratories. The CAD/CAM in- 
lays-----that is, Cerec and Celay-were made at the 
chairside. The all-ceramic restorations were made from 
different ceramic products, as shown in Table 3. 

The commonest luting agent used was dual-cured 
resin cement (n = 10). Three schools also used chemi- 
cally cured resin cements, whereas three other schools 
used light-cured resin cements for veneers. Glass 
ionomer cement was limited to crowns (n = 4) and 

Table 2 Bases and liners currently used with all-ceramic restorations 
mnde by dental students in Scandinavia (1 0 schools) 

Crowns Veneers Inlavs Onlavs 

Dentin adhesives 8 10 10 8 
7 5 Glass ionomer 4 - 

Calcium hydroxide 2 2 3 3 

The variation in choice of department with the primary 
responsibility for teaching all-ceramic restoration her-  
apy probably reflects differences in departmental 
organization and preferences or interests by the faculty 
involved. However, prosthodontics usually had the 
prime teaching responsibility, as was the case in North 
American dental schools (9). 

The number of reported contraindications for 
placing all-ceramic restorations varied from eight 
reasons to two. The commonest reason for not placing 
all-ceramic restorations was poor oral hygiene and 
occlusal dysfunction. These contraindications are in 
accordance with most textbooks on the subject (1 1, 12). 
There are no references in the literature as to whether 

Table 4. Frequency of use of rubber dam isolation, expressed in 
percentage ranges, during cementation of all-ceramic restorations 
made by dental students in Scandinavia (10 schools) 

- 
No. of schools 

Crowns Veneers Inlays Onlays 
- 
- 

0 Yo 6 5 3 3 
3040% 1 1 2 2 
5ob60°/o 1 1 1 
7 5 010 2 

I 3 100% 1 

- 
- - - 

- 
- 
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molars or endodontically treated teeth should be 
considered unfit to receive all-ceramic restorations. 
The fact that these teeth were suggested as contra- 
indications should probably only be regarded as 
cautious measures rather than real contraindication. 
Among the contraindications listed in the questionnaire 
only ‘previous history of periodontal disease’ was not 
listed as a contraindication by any of the respondents. 
One contraindication that was not listed in the 
questionnaire, which some authors have suggested 
(1 3), is preparations with excessive undercuts. 

The range of acceptable teeth for all-ceramic crowns 
as suggested by the dental schools varied markedly from 
only the upper incisors to all teeth. On the basis of the 
literature it is impossible to conclude which of these 
policies is most sound. 

The suggestion as to when an inlay should be 
converted to an onlay varied markedly, as reflected in 
the literature. Christensen (1 3) suggests dimensions in 
excess of half the intercuspal distance should be 
converted to onlays, which agrees with most dental 
schools in the present study and with the average value 
reported for North American dental schools (9). 
However, other authors argue that there are no reports 
in the literature that shows better survival of onlays than 
inlays (14). 

The commonest types of restorations taught were 
class-I and class-I1 inlaydonlays However, other 
designs were also taught, which is surprising considering 
that there are no reports in the literature on studies of 
these inlay designs. Historically, the commonest inlay 
type has been class-V inlays (4), but none of the 
Scandinavian dental schools reported that this was 
included in their curricula. Today the bonded class-V 
composite resin or glass ionomer restoration is regarded 
as the only viable alternative in these situations (15). 
Class-V inlays are also rarely included in the teaching of 
all-ceramic restorations in North America (9). 

The use of materials for all-ceramic restorations at 
Scandinavian dental schools differed in many respects, 
including bases and liners and ceramic material. Bases 
are primarily used to block out undercuts (16). 
Christensen ( 1  3) suggests that calcium hydroxide should 
be used if less than 0.5 mm dentin remains. Further- 
more, he suggests that glass ionomer cement should be 
used as a base so that the depth dimension of the 
ceramic inlay preparations becomes between 1.5 and 
2 mm. However, different layers of bases and liners 
have an effect on the microleakage (17), and the 
rationale for these procedures can be questioned. 

All fabrication categories of ceramic restorations were 
represented: cast, milled, fired, and spark erosion. 
Although most schools used dual-cured resin luting 
cements, three schools also advocated the use of glass 
ionomer cement. However, glass ionomer cements are 
not recommended, according to some authors (18, 19). 
The effect of dentin adhesives remains uncertain, and 
the thickness should be kept at a minimum (20). 
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Finally, the survey shows that the use of rubber dam 
during cementation procedures for inlays/onlays varies 
from never in most schools to always, like in British and 
Irish dental schools (10). In general, the use of rubber 
dam in connection with cementation of all-ceramic 
restorations at Scandinavian dental schools is low, 
which has also been reported for general practitioners 
(2 1). 

ConcLuding rmrks  
The wide range of different teaching concepts, 

materials, and opinions and views with regard to 
indications and contraindications for all-ceramic res- 
torations in Scandinavian dental schools reflects the 
confusion and often contradictory data reported in the 
literature. That 10 of 13 dental schools in Scandinavia 
(77%) at present offer some sort of clinical experience to 
pre-doctoral student indicates that teaching the topic to 
students is regarded as important. Such teaching 
programs are especially relevant in countries where 
the banning of dental amalgam is being considered-for 
example, Sweden in 1997 and Denmark in 1999. It is, 
therefore, thought-provoking to note that although in 
theory, the students today may not be allowed to place 
amalgam restorations when they graduate, they receive 
minimal training in the fabrication of alternative 
restorations like all-ceramic materials. Only one school 
included mandatory fabrication of all-ceramic restora- 
tions and this was limited to one restoration on the 
upper incisors. An unpublished survey of the type of 
restorations placed by practitioners in Sweden (I. A. 
Mjor. Unpublished observation) has shown a marked 
change from that reported in 1978179 (22), and all- 
ceramic restorations are clearly increasing among 
practitioners as an alternative to amalgam restorations. 
However, this survey indicates that all-ceramic restora- 
tion therapy still is regarded as experimental by 
teaching institutions. 
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