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Six hundred and ten epoxy plastic models, made from impressions of permanent teeth in 
which class-II cavity preparations for amalgam restorations had been prepared by eight 
Scandinavian dentists, were examined. The outlines of the cavity preparations were relatively 
large, with mean buccolingual extensions occlusally of 50% of the intercuspal distance and 
proximally of 40% of the length of the circumference of the proximal surface. There was a 
gradual increase in the size of the cavities towards the distal part of the dental arch, measured 
both in millimeters and in relation to the anatomic structures. The amount of hard tissue 
being removed varied among the operators and was possibly influenced by the dentist's ability 
to handle the cutting instruments. The large cavity preparations may be the result of using 
procedures for cavity preparation which are not adjusted to the tremendous cutting potential 
of modern dental instruments to produce stereotyped 'ideally designed' cavities. D Cavity 
measurements; operative dentistry; techniques 
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The operational steps of cavity preparation 
for amalgam restorations are to a large 
extent based on the guidelines suggested by 
Black (1) at the tum of the century. These 
guidelines introduced the concept of 'exten
sion for prevention'. This concept stemmed 
the current clinical practice of removing 
minimal quantities of hard tissue (2, 3). 
Although Black later recommended smaller 
cavity preparations for patients with im
proved oral hygiene (4), the concept for 
many years formed the basis for operative 
techniques. 

In the dental literature there are numerous 
modifications of Black's cavity designs (5-
7). Most of tl;le modifications were never 
substantiated by clinical research data but 
rather by other developments in dentistry: 
the invention of restorative materials with 

r superior physical qualities and . handling 
properties (8); the advancement of pre
ventive methods and oral prophylaxis (9-
11); the increased use of ftuoti<;ies and better 
oral health in the population (12-15); the 
increased knowledge of the biologic effects 
of materials on oral tissues (16-19); the appli-

cation ofbiomechanic principles (20, 21); the 
improved access to dental services (22); and 
the technologic changes of the equipment in 
the dental office (23-28). 

The general guideline in the teaching of 
operative dentistry today is to maintain a 
maximum amount of tissue (29-31). It is not 
known to what extent the dentists in general 
practice have adopted the principles of con
servative operative dentistry. 

The aim of the present examination was 
primarily to assess the morphology of routine 
cavities prepared for amalgam restorations. 

The physical properties and the chemical 
stability of amalgam give indications of a 
possible extensive function period as a res
torative material in an oral environment. 
Clinical experience does, however, show 
that amalgam restorations after a relatively 
short time exhibit properties not predicted 
by the results from the standardized 
measurements in the laboratory. It is not 
clear to what extent the morphology of the 
cavity preparation influences the long-term 
prognosis of the restoration. A second aim 
of this study was therefore to identify dis-
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Table 1. The frequency and location of 610 examined cavity preparations 

Upper 
383 
(62.8%) 

Molars Premolars Premolars Molars 
Dis Mes Dis Mes Mes Dis Mes Dis 
12 48 77 44 55 80 53 14 

Right (9.8%) (19.8%) (22.1%) (11.2%) Left 
308 '-362 
(50.5%) 28 55 33 11 15 33 31 21 (49.5%) 

(13.6%) (7.2%) (7.8%) (8.5%) 
Lower 
227 
(37.2%) 

crepancies believed to influence the prog
nosis of the restorations. The restorations 
are part of a longitudinal study of the clinical 
performance of amalgam. 

Materials and methods 
Epoxy plastic models, made from im
pressions of permanent teeth in which class-
11 cavities for amalgam restorations had been 
prepared by eight Scandinavian dentists, 
were examined. The clinical experience of 
the operators varied from 15 to 30 years. A 
total of 610 cavity preparations were exam
ined (Table 1). The number of models re
turned by each operator varied from 19 to 
108. The most usual locations of the cavity 

preparations among the operators are out
lined in Table 2. 

Each cavity was measured with a peri
odontal probe with millimeter marks (CGB, 
Hilming) and a flexible strip of squared milli
meter paper. The measurements were made 
at various predetermined locations on the 
tooth. The occlusal buccolingual width was 
calculated as a fraction of the intercuspal 
width. The widths were measured at the 
axiopulpal line angle (isthmus) and at the 
dovetail (Fig. 1). The proximal buccolingual 
width was calculated as a fraction of the 
extent of the proximal surface. This was 
defined as the length of the circumference 
between the two utmost buccally or lingually 
located parts of the cusp. The buccolingual 
widths were measured at the ax_ippulpal line 

Table 2. Operators and the location of the cavity preparations by surface. 15% of the preparations 
were MODs, which count as two cavity preparations 

Upper Lower 

Premolars Molars Premolars Molars 

Operator Mesi al Distal Mesial Distal Mesi al Distal Mesi al Distal Total 

1 30 33 6 1 6 11 3 2 92 
2 7 8 24 2 19 2 62 
3 20 31 8 11 8 18 6 5 107 
4 12 22 14 6 3 11 19 16 103 
5 8 31 38 2 1 4 19 5 108 
6 18 22 10 6 4 12 15 13 100 
7 5 1 2 5 6 19 
8 4 5 4 6 19· 

99 157 101 26 26 66 86 49 610 
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Fig. 1. Measurement of the mean occlusal buccolingual 
extensions of the cavity preparations. ICW = inter
cuspal width; I = width at the isthmus; A = width in 
average; D =width at the dovetail . 

angles (isthmus) and at the gingival margins 
(Fig. 2). The proximal gingival extension was 
measured as the distance between the margin 
and the approximate location of the marginal 
ridge. The depth of the cavity was measured 
as the distance between the cavosurface mar
gin and the pulpal floor or the axial wall. 

The age of the patients varied from 8 years 
to 71 years, with a mean of 28 years. For 

Fig. 2. Measurement of the mean proximal buccolingual 
extensions of the cavity preparations. PC = length of 
the proximal circumference; I = width at the isthmus. 
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operators 3, 4 and 6 the mean age of the pa
tients varied from 36 to 40 years; for oper
·ator 1 it was 31 years; and for operators 2, 
5, 7, and 8 it was 12-16 years. The operators 
were instructed to make an impression 
(Optosil/Xantopren, Bayer) of the tooth 
before condensing amalgam into the cavity. 
No instructions on preparation techniques 
were issued in advance; that is, no infor
mation on the presumed correct size or mor
phology of the cavity was presented to the 
operators. Although the clinicians knew that 
the cavity preparations were to be examined, 
they did not know what was to be measured 
and how. The cavities are therefore con
sidered to reflect the clinical situation in 
everyday dental practice. 

The Student-Newman-Keul procedure 
for one-way analysis of variance (ANOV A) 
was used at a significance level of 0.05. The 
procedure determined the extent of the devi
ation of cavity dimensions in the different 
tooth categories and between the operators. 

Results 
Occlusal surface 

The mean buccolingual width was 0.5 (SD, 
0.2) of the intercuspal width, varying from 
0.1 to 1.0. The width was <0.2 in 4% of 
the models, primarily upper premolars, and 
>0.8 in 13% of the models, mainly lower 
molars (Fig. 3). Fig. 4 illustrates the occlusal 
extensions in the different tooth categories. 
The buccolingual widths were, in general, 
enlarged in the lower molars (0.7) and the 
distal widths in the upper molars (0.6), com
pared with in the upper premolars (0.4) 
(p < 0.05). 

The intrasurface buccolingual extension 
narrowed slightly towards the axiopulpal line 
angle in the molars. The narrowing was most 
obvious mesially in the lower molars (Fig. 4). 
The extension broadened in the premolars, 
especially mesially in the upper premolars. 

Proximal surface 

The mean gingival extension was 3.6 mm 
(SD, 0.8 mm) from the marginal ridge, vary
ing from 1 to 7 mm. The gingival extension 
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_n_ 
ICW .. li81 
~w: 

Fig. 3. The mean and 
prevalent occlusal 
buccolingual extensions 
of the examined cavity 
preparations. D/ICW 
= extensions at the 
dovetail; A/ICW = 
extensions on average; 
l/ICW =extensions at 
the isthmus; D, = 

·' .e.7.6 .S.4.3.! .1 

. mean extension at the 
dovetail; A, = mean 
extension on average; 
I, = mean extension at 
the isthmus. All values 
are represented as 
fractions of the 
intercuspal width 

(n = 600) (the difference in the number of observations from n = 610 is due to model artifacts). 

was <2 mm in 9% of the models, primarily 
the lower premolars, and >6 mm in 2% of 
the models (Fig. 5). 

The gingival floor was either curved or 
stretched nonperpendicular to the tooth axis 
in 42 % of the models. The gingival extension 
varied up to 2 mm for some preparations. 
The variable intrasurface gingival extensions 
prevailed on the distal surface of the upper 
premolars. 

The mean buccolingual width was 0.4 (SD, 
0.1) of the length of the proximal cir-

Fig. 4. The mean occlusal extension of the cavity prep
arations in the different tooth categories. The bucco
lingual extensions are represented as fractions of the 
intercuspal width. 

cumference, varying from 0.1 to 1.0. The 
width was <0.2 at the gingival margin in 5% 
of the models, primarily upper premolars, 
and >0.6 at the isthmus in 14% of the 
models, mainly lower molars (Fig. 5). 

The intrasurface buccolingual extension 
narrowed towards the axiopulpal line angle; 
that is, the walls converged. The angle 
between the facial and lingual walls and the 
gingival floor varied on the different 
surfaces. The walls were more parallel on 
the mesial surface of the upper molars than 
on the proximal surfaces of the upper pre
molars (p < 0.05). 

Figs. 6 and 7 illustrate the proximal exten
sions in the different tooth categories. The 
buccolingual width and the gingival exten
sion were increased on the distal surfaces of 
the upper (0.5 and 4.4 mm) and lower (0.5 
and 4 mm) molars compared with on the 
other surfaces (p < 0.05). 

Depth 

The mean occlusal depth was 2.2 mm (SD, 
0.6 mm) from the cavosurface margin to the 
pulpal floor, varying from 0.5 to 5 mm. The 
depth was <1 mm in 5% of the models, 
primarily lower premolars, and >5 mm in 
one model (Fig. 8). 

The mean occlusal depth at the location 
of the axiopulpal line angle-that is, the 
isthmus-was 2.2 mm (SD, 0.6 mm). The 
intrasurface difference between the depth at 
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Fig. 5. The mean and 
prevalent proximal 
extensions of the 
examined cavity 
preparations. G/PC = 
buccolingual extensions 
at the gingival margin; 
I/PC = buccolingual 
extensions at the 
isthmus; G, = mean 
extension at the 
gingiva; I,= mean 
extension at the 
isthmus. All values are 
represented as fractions 
of the proximal 
circumference. GI = 
gingival extensions, 
and GI, = mean 
gingival extension, 
measured from the 

G. 
PC' 

marginal ridge to the I 
gingival margin PC : 
(n = 605) (the difference in . 

t30X 

.9' .a .•. 1 ~~g: 

Class-II cavity dimensions 93 

the number of observations from n = 610 is due to model artifacts). 

the isthmus and the rest of the pulpal floor 
varied from -3 to 1.5 mm. A shallow depth 
at the isthmus relative to the pulpal floor 
was more pronounced mesially in the upper 
molars than in the other surfaces (p < 0.05). 

Fig. 9 illustrates the occlusal depths in 
the different tooth categories. An increased 

I.!.!!' 
Fig. 6. the mean proximal extension of the cavities 
prepared in the premolars. The buccolingual extensions 
are represented as fractions of the proximal circum
ference. The gingival extension is measured from the 
·marginal ridge to the gingival margin. 

depth was observed in the upper molars 
(2.3 mm mesially, 2.5 mm distally) and 
distally in the lower molars (2.4 mm) com
pared with in the lower premolars (1.8 mm) 
(p < 0.05). 

The mean proximal depth was 1. 7 mm 
(SD, 0.5 mm) from the cavosurface margin 
to the axial wall, varying from 0.5 to 3.5 mm. 
The depth was <1mmin17% of the models, 
mostly premolars, and >2 mm in the pre
molars and >2.5 mm in the molars in 4% of 
the models (Fig. 8). 

Fig. 9 illustrates the proximal depth in the 
different tooth categories. The depth was 
greater in the lower (1.8 mm) and upper 
(1.9 mm) molars than mesially in the lower 
(1.4 mm) and upper (1.6 mm) premolars 
(p < 0.05). 

Operator variance 

Significant differences from the average 
for certain variables was observed between 
the operators: operators 4 and 5 prepared 
large and deep cavities, and operators 6 and 
8 prepared small cavities (p < 0.05). Broad
ening of the occlusal buccolingual extension 
towards the axiopulpal line angle was 
observed for operators 5 and 8 (p < 0.05). 



94 A. lokstad 

Mes 

Converging proximal walls were seen for 
operator 6 (p < 0.05). Operator 2 provided 
most of the cavity preparations with a shal
low occlusal depth at the isthmus relative to 
the pulpal floor. Fig. 10 illustrates the outline 
of the mean cavity preparation of a few 
operators. 

Discussion 
Vale (32) suggested, after strength measure
ments on premolars, that the occlusal buc-

Od :: 
SOX 401 30X 20X lDX 

Fig. 8. The mean and prevalent depths of the examined 
cavity preparations. OD = occlusal depths; PD = 
proximal depths; OD, = mean occlusal depth; PD, = 
mean proximal depth. All depths measured from the 
cavosurface margin to the pulpal or axial wall (n = 604) 
(the difference in the number of observations from n = 
610 is due to model artifacts) . 

Dis 
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Fig. 7. The mean 
proximal extension of 
the cavities prepared in 
the molars. The 
buccolingual extensions 
are represented as 
fractions of the 
proximal 
circumference. The 
gingival extension is 
measured from the 
marginal ridge to the 
gingival margin. 

colingual width should not exceed one
fourth of the intercuspal extent. Later inves
tigations have shown that in vitro cusp frac
tures are caused by a complex interaction 
among the load application, the occlusion, 
the tooth type, and the extent of the cavity 
preparation (33-35). The relationship 
between cusp fractures in vivo and occlusal 
and proximal widths and depths is unclear 
(36). It is therefore questionable to assume 
that the clinical prognoses of the restorations 
placed in these cavities are reduced because 
of the relatively large extensions. On the 

Fig. 9. The mean of the cavity preparations in the 
different tooth categories. The depth is measured from 
the cavosurface margin to the pulpal or axial wall . 

Q 
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removed in the posterior teeth. This con
trasts with the general guideline in modem 
operative dentistry, which is to preserve as 
much tissue as possible (71, 72). Perhaps the 
tremendous cutting potential of modem den
tal instruments (73-75) has made the 
'inherited' procedures for preparing cavities 
inappropriate. 

Many of today's procedures for cavity 
preparation were developed at a time when 
dental instruments rotated relatively slowly. 
A reasonable cutting efficiency could there
fore only be obtained by a large diameter of 
the bur (76). Using these large burs often 
resulted in an excessive removal of sound 
tissue (77). The observation that the exten
sion could be reduced by initially completing 
the outline of the cavity before removing 
the caries was an important consideration in 
Black's textbook (78)-. Today, a high per
ipheral speed of the bur can be obtained, 
and the size of the burs has decreased 
radically. Yet dental students and dentists 
continue to prepare the outline form initially 
instead of focusing on the removal of caries 
(6, 72, 79). 

During the preclinic courses at many den
tal schools the students are taught to prepare 
cavities with 'ideal designs' (80). The training 
of students to prepare ideal cavities may 
be valuable for educational purposes. It is · 
possible, however, that instructors have 
focused too much on teaching stereotyped 
ideal designs, instead of teaching principles 
to meet certain physical requirements of the 
material. The training in operative dentistry 
may thus have created the belief that the 
cavity prepared with an ideal design is with
out exception the optimal cavity prep
aration. 

Using Black's sequence of operative pro
cedures with high-speed burs together with 
the concept of 'ideal design' will result in 
large cavities even after moderate caries 
attacks. A preferable approach would be 
initially to remove the carious tissue, fol
lowed by a 'locking' of the cavity and fin
ishing of the margins (81). This method will 
result in tissue-conservative cavity prep
arations (82). The approach is furthermore 
logical and thus easier to apply on smaller or 
modified cavity preparations and for various 
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restorative materials. Focusing on the caries 
and then adjusting as little as possible after 
it has been removed should be the goal for 
the future education in cavity preparation 
techniques. 
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