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Four hundred and sixty-eight class-II amalgam restorations were placed in 210 patients. The 
restorations had been inserted by seven Scandinavian dentists in their clinics, among their 
regularly attending patients. Impressions of the teeth with cavity preparations had been made, 
and epoxy casts fabricated. The designs and qualities of the cavities were assessed in accordance 
with an evaluation system for class-II cavities designed for use on models. The restorations 
were observed yearly and scored in accordance with the USPHS criteria. In case of replacement 
the reason was recorded, and the service time calculated. The restorations were observed 
throughout a period varying from 8 to 10 years. At the end of the observation period, 212 
restorations had been lost owing to dropout patients, 68 restorations had been replaced, and 
188 restorations remained functional. The commonest criteria for replacement were secondary 
caries (n = 30) and restoration bulk fractures (n = 24). Using univariate statistics and multi
variate discriminant analyses, the time of service and the reasons for replacement were 
correlated with different clinical variables, including different indices for the dimensions and 
qualities of the cavity preparation. Several features of the cavity design could be associated 
with the service time of the restoration or with the reason for replacement, or both. Secondary 
caries was primarily associated with cavity design features gingivally on the proximal surface 
(p < 0.001). At the patient level the rate of secondary caries correlated with the total number 
of restorations placed during the observation period, irrespective of the quality of the 
cavosurface margins or the size of the cavity. Restoration bulk fractures could be related to 
cavities with narrow and deep occlusal parts, or deep proximal parts (p < 0.001). The 
discriminant functions predicted correctly between 70% and 93% of the actually failed 
restorations in the failure groups. The good prediction performance indicates that a linear 
discriminant analysis that includes aspects of the prepared cavity may be applied to predict 
the reasons for failure of restorations. □ Cavity preparation; clinical study; discriminant 
analysis; operative dentistry; restoration survival 
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The optimal design of class-II cavities for 
amalgam restorations is constantly changing, 
as reflected by the variation in teaching con
cepts in dental schools (1). The changes 
incorporated into 'modem' cavity designs 
are primarily based on extrapolations from in 
vitro studies and less on results from clinical 
investigations· (2, 3). 

There are many reports from biophysical 
stress analyses of restored teeth, in which 
different aspects of the cavity designs have 
been associated with mechanical failures of 
the restoration or of the prepared tooth (4). 
Specific features of the cavity designs have 
also been related to restoration discrepancies 

in short-term longitudinal (5-9) or in cross
sectional (10-13) studies. Other investi-

. gators have associated specific features of 
the cavity design with adverse effects on the 
hard or soft tissues in cross-sectional studies 
(14-17) or in longitudinal studies (18-20). 
However, few of the alleged benefits of 
'modem' cavity designs have been docu
mented in long-term clinical trials, by cor
relating aspects of the cavity design to the 
prevalence and reasons for replacements or 
to the service time of the restorations (21). 

The rate of restoration replacements vary 
among dentists (22), and treatment decisions 
depend on the operator's diagnostic abilities 
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(23), the treatment philosophy (24), and 
other reasons (25). On the other hand, den
tists prepare cavities for . restorations with 
variable morphologies, qualities, and dimen
sions (26, 27). It is therefore possible that 
the cavity preparation may also have influ
enced the clinical behavior of the resto
rations. It can be assumed that if such a 
relationship exists, an association between 
the service time, or the cause of replacement . 
of the restoration, and the cavity design will 
appear after clinical service. 

The first aim of the present study was to 
test the hypothesis that the service time and/ 
or the replacement reasons for class-II amal
gam restorations were associated with fea
tures of the cavity design. However, it has 
been shown that restoration failures have 
a multifactorial etiology. Therefore, it was 
considered necessary to relate the clinical 
performance to groups of predictor variables 
instead of measuring the association to each 
individual predictor variable. Consequently, 
the second aim of the study was to construct 
a model of predictor variables presumed to 
influence the clinical prognoses of the res
torations. 

Materials and methods 
Seven general practitioners in Scandinavia 
placed 468 Mo, DO, and MOD restorations 
in 210 patients in their clinics between 
December 1979 and January 1983. The den
tist worked in private practice, in public 
health practice, or in the school dental 
service. Each operator placed between 1 and 
12 restorations in the teeth of a random 
selection of their regularly attending 
patients. The age of the patients varied from 
8 years to 71 years at the time of insertion 
of the restorations. No criteria were given to 
the dentists for the selection of patient's or 
for instructions on preparation techniques. 
The need for restorations could be due to 
primary caries or to replacement of failed 
restorations. The cavities are therefore con
sidered to reflect the clinical situation in 
everyday dental practice. 

A conventional amalgam alloy (Revalloy, 
SS White Ltd., U .K.) and four non-gamma-2 
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precapsulated alloys (Amalcap Non-gamma-
2, Vivadent, Germany; Dispersalloy, John
son & Johnson, USA; lndiloy Shofu Dental 
Corp., Japan; Tytin, SS White Ltd.) were 
randomly assigned to the teeth to be 
restored. 

The descriptions of the dimensions and 
average qualities of the prepared cavities 
have been published (26, 27). The operators 
were instructed to take an impression (Xan- c 

topreil blue and Optosil, Bayer, Leverkusen, 
Germany) of the tooth immediately before 
the insertion of the amalgam. Epoxy plastic • 
casts (Durcupan, Fluka AG, Buchs, Swit
zerland) were made of the impressions. Th~ 
casts were examined in a stereomicroscopL 
(Spencer American Optical) at x 10 mag
nification, and the warious features of the 
prepared cavities were measured or classified 
by using two-, three-, or four-point scales 
(28). 

The patients have been recalled each year 
for examination of their dental status. 
Impressions were made of the specific res
toration or restorations that were included 
in the present trial (Xantopren blue and 
Optosil, Bayer) at each recall during the first 
5 years after the placement. The restorations 
placed by three of the operators were in 
addition photographed. The restorations 
have also been rated annually in accordance 
with the criteria of the USPHS index (29). 
If the restoration needed replacement, re
cordings were made of the date, the reason 
for replacement, and the location of the de
fect in the restoration. In case of bulk frac()1 

tures the last photographs and impression's--/ 
made before the fracture were examined for 
typical wear facets or deep sulci on the oc
clusal surface. 

The patients were also grouped in accord
ance with the extent of restorative treatment 
received during the observation period, esti
mated by the incidence of restorations placed 
because of primary or secondary caries dur
ing the trial period. Zero to 0.5 new res
torations per year was taken to indicate little 
treatment experience, medium treatment 
experience was defined as 0.5-2 restorations 
per year, and >2 is referred to as high treat
ment experience. This variable combined 
two factors, caries activity of the patient and 
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treatment philosophy and skill of the dentist, 
which are two important prognostic variables 
that were difficult to assess separately. An 
attempt to reduce the effect of the possible 
different treatment philosophies among the 
participating dentists was done by instructing 
the dentists to score the restorations using 
the USPHS criteria (29) and to retrieve the 
failed restorations for further metallographic 

• examinations (30). Further details of the 
materials and methods have been described 
previously (26, 27, 31, 32). 

Statistics 
Q The hypothesis that the reason for replace

ment was independent of the cavity design 
was assessed by using chi-square statistics 
applied on the cumulative prevalence of the 
different reasons for replacement and coded 
levels of the explanatory clinical variables. 
The second hypothesis, that the service time 
of the restorations was independent of the 
cavity design, was measured by Mann-Whit
ney tests for the explanatory variables with 
ordinal scales and Kruskal-W allis tests for 
the explanatory variables with interval 
scales. The independence between the 
explanatory variables was assessed by com
puting the correlation matrix with all the 
cavity design variables included. The defi
nitions and the description of the cavity 
design variables are presented in Table 1; the 
definitions of the other explanatory clinical 
variables have been described in another 

C,rticle (32). Further descriptions of the defi
;.itions of the cavity designs have been 
reported (26, 27). 

The third hypothesis, that . the clinical 
behavior could be related to groups of pre

. dictor variables rather than individual vari
ables, was assessed by using linear discrimi
nant .analyses. The discriminant functions 

• and the sensitivity and specificity of these 
functions were calculated with all explana
tory variables included or only with cavity 
design variables included. The sensitivity of 
the model was measured as the probability 
that a failed restoration had been predicted 
to fail, while the specificity was measured 
as the probability that a restoration still 
in service had been predicted to survive the 
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observation period. The percentage of cor
rect classification predicted by each discrimi
nant function was assessed by comparing it 
with the actual fate of the restorations dur
ing the 8- to 10-year observation period. The 
discriminant analyses were based on calcu
lations of Wilks's lambda (U-test) for the 
restorations replaced because of caries, res
toration bulk fractures, or tooth fractures 
and for the restorations remaining in func
tion after the 8- to 10-year observation 
period. Initially, both forced entry and step
wise variable selection entry based on mini
mized overall Wilks's lambda were applied. 
Preliminary analyses showed that both algor
ithmsproduced nearly the same results. The 
stepwise variable selection entry was there
fore chosen. The analyses were applied on 
three variants of the definition of the 
response variable, yielding a total of six dis
criminant analyses. The equalities of the 
group covariance matrices were calculated 
with Box's M test, and differences between 
the groups were shown by using a multi
variate F statistic. The relative importance 
of the explanatory variables for the response 
variable was estimated by the size of their 
coefficient and correlation values in the dis
criminant function and for the prevalence of 
inclusion in the different discriminant func
tions. 

Results 
By May 1990 the observation period varied 
between 8 and 10 years for the different 
restorations. In this period 68 restorations 
had been replaced in 53 patients. Of these, 
16 patients with 21 restorations dropped out 
of the study, after the restorations had been 
replaced. In addition, another 86 patients 
with 212 restorations dropped out of the 
study. The dropout of patients was mainly 
due to adolescents who discontinued the 
public school dental services because of their 
age. Twenty patients were dismissed from 
the trial owing to replacement of their res
torations (n = 25 restorations). The remain
ing 22 of the 68 failed restorations had been 
replaced in 17 patients who remained in the 
study. In addition, 71 patients with 188 res
torations continued throughout the study. 
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Table 1. List of cavity design variables and indication of statistical techniques used 

1. Distance between buccal and lingual cusps measured in millinleters 
2. Distance of the circumference of the proximal surface 
3. Occlusal buccolingual mean width of the cavity 
4. Occlusal buccolingual maximum width of the cavity 
5. Occlusal buccolingual width over the axial wall 
6. Occlusal buccolingual width at the dovetail (only MO and DO restorations) 

Discriminant analyses: 
Alt.1. Measured in millinleters, 3-+8 mm 
Alt.2. Measured in proportion of cusp distance. Range, 0-+99 
Chi-square and ANOV A: 
Proportion of inter-cusp distance: (0-33 = 1) (34-49 = 2) (50-66 = 3) (67-99 = 4) 

7. Proximal buccolingual width at the isthmus 
8. Proximal buccolingual width at the gingival margin 
9. Proximal buccolingual width, average 

Discriminant analyses: 
Alt.1. Measured in millimeters. Range, 8-+ 15 mm 
Alt.2. Measured in proportion of cusp distance. Range, 0-+99 
Chi-square and ANOV A: 
Proportion of proximal circumference (0-33 = 1) (34-49 = 2) (50-66 = 3) (67-99 = 4) 

10. Minimum distance from marginal ridge to the gingival margin 
11. Maximum distance from marginal ridge to the gingival margin 
12. Mean distance from marginal ridge to the gingival margin 

Discriminant analyses: 
Measured in millinleters. Range, 0-7 mm. 
Chi-square and ANOVA: 
Coded: (0-2 mm= 1) (3-4 mm= 2) (5-7 mm= 3) 

13. Distance from the central groove of the occlusal surface to the pulpal wall 
14. Same as above but over the pulpoaxial angle 
15. Distance from the axial wall to the proximal surface 

Discriminant analyses: 
Measured in millinleters. Range, 0-5 mm 
Chi-square and ANOV A: 
Coded: (0-1.5 mm= 1) (2-2.5 mm= 2) (3-5 mm= 3) 

16. Volume of the cavity 
Calculated from: (((deptlL.o+deptlLi)/2) • ((cusp+Lcusp+<Lcusp)/3)) + (((Lcirc • g_circ)/2) • 
deptlLp*ging) 
Discriminant analyses: 
Measured in square millimeters. Range, 11-317 
Chi-square and ANOV A: 
Coded: (11-100 = 1) (101-200 = 2) (>200 = 3) 

17. Location of the cavosurface margin on the cusp incline 
Chi-square and ANOV A Q 
Code: R = follow fissures, S = some cusp incline removed, M = cusp removed < 2/3, T = cusp remove 

> 2/3, V = cusp fracture imminent · 
Discriminant analyses: 
Coded: (R,S,M = 1) (T,V = 0) 

18. Parts of enamel remaining <1 mm next to previous restorations 
Discriminant analyses, chi-square and ANOV A: 
Code 0: Slices < 1 mm remain, 1: Slices > 1 mm or not present 

Sixty-two restorations had been replaced 
because of secondary caries or because of 
tooth or restoration bulk fractures, whereas 
three restorations were lost owing to mar
ginal degradation and three because they 
were included in larger restorations. All 
secondary caries had developed on the proxi-

mal surfaces (n = 30). The restoration bulk 
fractures occurred either along the buc
coproximal margin (n = 4) or occlusally 
across the isthmus (n = 20). In four teeth 
typical wear facets on the occlusal surface 
was seen on the last photograph or on the 
impression made before the bulk fracture. 
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Table 1. Cont. 

19. Deep fissures extending from the cavosurface angle 
Chi-square and ANOV A 
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Code + + = fissures removed or not present, BO = buccal fissure present, 
LO = lingual fissure present, PO = proximal fissure present 
Discriminant analyses: 
Codedi (++ = l)XBO,LO,PO = 0) 

20. Distance from the proximal surface to the medial wall of dovetail. 
Discriminant analyses, chi-square and ANOV A 
Code 1 = distinctive dovetail, 0 = no dovetail 

, 21. Morphology of the gingival floor 
Chi-square and ANOV A 
Code A = distinctive lock, F = flat, T = undermined enamel or chamfer 
Discriminant analyses: 
Coded: (A = 1) (F = 2) (T = 0) 

22. Bevel of the axiopulpal line angle 

0 Chi-square and ANOV A: 
Code A = bevel smooth, T = no beveling 
Discriminant analyses: 
Coded: (A = 1) (T = 0) 

23. Location of acute internal line angles 
. Chi-square and ANOV A: 

Code: AA = smooth, PF = pulpofacial, PA = pulpoproximal, 
PL = pulpolingual, GL = gingivolingual, GF = gingivofacial 
Discriminant analyses: 
Coded: (AA = 1) (PF,PA,PL,GL,GF = 0) 

24. Acuteness of external gingivoproximal line angl~ 
Discriminant analyses, chi-square and ANOV A: 
Coded: 0 = 45--60, 1 = 45--60/90, 2 = 60-70, 3 = 60-70/90, 4 = 7~0, 
5 = 70-80/80-90, 6 = 7~0/90, 7 = 80-90, 8 = 90/90, 9 = 90 

25. Areas with cavosurface angles < 90° 
Chi-square and ANOV A: 
++ = no areas, OB = occlusal buccal, OP = occlusal proximal, OL = occlusal 
lingual, PB = proximal buccal, GP = gingivoproximal, PL = proximal lingual 
Discriminant analyses: 
Coded:(++ = 1) (OB,OP,OL = 1) (PB,PL,GP = 0) 

26. Areas with changing cavosurface·angles (facets) 
Chi-square and ANOV A: 
R = walls smooth and well defined, S = ragged in isolated areas, M = ragged 
over larger areas, T = poor definition, V = cavity form and walls impossible to differentiate 
Discriminant analyses: 
Coded: (R,S,M = 1) (T,V = 0) 

{YI. Degree of occlusal discernible walls 
\...__...Js. Same as above but for the proximal part of the cavity 

Tooth inspected directly occlusally for converging, or diverging walls 
Chi-square and ANOVA: 
A = retention conspicuous, T = retention absent in one or more areas, 
V = retention absent or result in gross loss of tissue 
Discriminant analys~: 
Coded: (A = 1) (T,V = 0) 

There were no restorations with deeply car
ved sulci on the occlusal surface in the bulk 
fracture group. Eight restorations were 
replaced owing to fracture of the tooth. The 
cumulative number of failed restorations 
over time is shown in Fig. 1. 

The 212 restorations lost because patients 

dropped out of the study showed, as a group, 
different mean values for some of the cavity 
design variables compared with the other 
restorations. This possibly introduced a bias 
in the measurements of the association 
between the explanatory clinical variables 
and the clinical behavior of the restorations. 
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To avoid the potential bias, only the cavity 
preparations of the restorations that survived 
the entire observation period (n = 188), in 
addition to the replaced restorations (n = 
68), were included in the statistical analyses. 
Eighteen models were of inferior quality, 
preventing all statistics from being 
computed. 

Cross-tabulations between the reasons for 
replacement and different quantitative cav
ity design variables are presented in Figs. 2 
and 3. The data from the tabulations be
tween the cavity sizes and the replacement 
prevalence or reasons showed no clear 
relationships. A slightly higher number of 
restoration bulk fractures was seen in the 
cavities with narrow occlusal buccolingual 
widths (Fig. 2). The incidence was also high 
in the cavities with deep proximal parts (Fig. 
3) and low in the cavities with shallow 
occlusal parts. Secondary caries prevailed in 
the cavities with restricted external occlusal 
outline or proximal outline (Fig. 2). All tooth 
fractures (n = 8) occurred in teeth with cavi
ties with occlusal buccolingual widths greater 
than half of the intercuspal distance (Fig. 2). 
With regard to the cervicoaxial location of 
the gingival margin on the proximal surface, 
no association could be found with the preva
lence or any specific reason for replacement. 

Only a few of the qualitative aspects of the 
cavities could be associated with the replace-
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Fig. 1. Cumulative 
number of replaced · 
restorations in 
accordance with the 
reasons for 
replacement and in 
relation to the age of 
the restoration (n = 68 
after 9 years). S = 
secondary caries (n = 
30 after 9 years), F = 
restoration bulk 
fracture (n = 24 after 9 

. years), T = tooth 
fracture (n = 8 after 9 

· years), M = restoration · • 
margin fracture (n = 
3 after 9 years), E = c·, 
extended into larger -1· 
restoration ( n = 3 after 
9 years). 

ment reasons and prevalence. The presence 
of undermined enamel could be related to 
secondary caries, depending on the location 
of the undermined enamel. Thus, while 13 
of 55, or 24%, caries were observed in the 
group with undermined enamel along the 
axial walls on the proximal surface, only 2 
of 48 = 4% were seen in the group with 
undermined enamel along the gingival mar
gin (Fig. 4). The secondary caries incidence 
was lower when the cavosurface angle was 
evaluated as adequate, compared with inad
equate margins (Fig. 4). Moreover, a higher 
frequency of secondary caries was observed 
in restorations placed in preparations with 
one or two acute external gingivoaxial linQ 
angles on the proximal surfaces. Deep 
figures connected with the cavosurface angle 
occlusally (n = 11) and enamel slices of less 
than 1 mm remaining between the res
toration and other restorations or fissures 
did not influence the clinical behavior of 
the restoration. The internal features of the 
cavity preparations, such as rounding of 
the occlusal internal line angles, beveling of 
the axiopulpal line angle, and placement of 
proximal locks, could not be associated with 
any specific reason for replacement or with 
longer service time of the restorations. The 
occlusal retention-that is, the convergence 
or divergence of the cavity walls-could not 
be associated with the prevalence or reasons 
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Fig. 2. Cross-tabulation of the prevalence and reasons for replacement of 238 class-II amalgam restorations, 
categorized by the buccolingual occlusal (vertical diagrams) and proximal (horizontal diagrams) cavity width. The 
dark areas indicate the limits between the different categories. The numbers and letters in each subgroup indicate 
the number of restorations at base line (n0), the number in service at the end of the observation period (n9), and 
the number of replacements because of secondary caries (S), restoration bulk fracture (F), tooth fracture (T), or 
other reasons (0). 

for replacements, whereas convergence of 
the proximal cavity walls showed a slightly 
higher prevalence of secondary caries com
pared with the diverging or parallel walls 
(Fig. 5). 

Several variables of the cavity design could 

be associated with both the service time and 
reason for replacement (Table 2). Significant 
differences between the subgroups were 
observed for the quantitative variables: the 

.. cavity volume, the occlusal and proximal 
· buccolingual widths, and the axiogingival 



116 A. Jokstad & I. A. Mjor ACTA ODONTOL SCAND 49 (1991) 

f e 5 T9tal 
Fig. 3. Cross-tabulation 

(J 
nO=· 17 36 2 
n9= 16 24 2 '' ,. 

10 S 
2F 

1 T 

(2) 
n0= 26 121 7 
n9= 21 88 3 

2S 12 S 1 S 
3F 13 F 2F 

ST 
30 1 0 

{t5 
24 n0= 3 4 

n9= 1 16 2 
1 S 3S 1 S 
1 F 1 F 2F 

2T 
20 

n0= 46 181 13 
Total n=9 38 =83% 128 =70% 7 

3S = 7% 25 S =14% 2S 
4F = 9% 16 F = 9% 4F 
1 T = 1% 7T = 4% 

50 = 3% 1 0 

location of the margin on the proximal 
surface. Significant qualitative variables 
were the quality and the location on the cusp 
incline of the cavosurface margin and the 
acuteness of the external gingivoaxial line 
angle (p < 0.05). The mean surface time was 
also influenced by the degree of occlusal and 
proximal convergence of the cavity walls, 
whereas the occlusal cavity depth could be 
related to the reasons for replacements 
(p < 0.05). However, the cross-correlation 
between the cavity design variables showed 
that the explanatory variables were strongly 
interrelated (Table 3). Conclusive state
ments about the univariate relationships are 
thus precluded. 

Before the first discriminant analysis the 
group means of the different restoration 
groups were examined and analyzed for any 
differences (Table 4). In general, the one-

55 
42 =76%. of the prevalence and 

10 S =18% reasons for 

2F = 4% . replacement of 240 

1 T = 2% class-II amalgam 
restorations, 
categorized by the 

154 occlusal depth ( vertical 

112 =72% 
diagrams), arid 

15 S =10% 
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18F =12% (horizontal diagrams). c 
ST = 3% 

The dark areas indicat 
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40 = 3% different categories. 

31 
The numbers and 
letters in each 

19 =60% subgroup indicate the 
5S =15% · number of restorations 
4F =13% at base line (n0), the 
2T = 6%. number in service at 
20 = 6%. the end of the 

observation· period 
(n9), and the number 

240 of replacements 
=54% 171 =72% because of secondary 
=15% 30 S =13% caries (S), restoration 
=31% 24 F =10% bulk fracture (F), 

ST = 3% tooth fracture (T), or 
= 8% 60 = 2% other reasons ( 0). 

way analysis of the group means identified 
the same cavity design variables that were 
identified by the two other univariate stat.
istics. In the first analysis the replaced resL 
torations were pooled into one group, 
whereas the remaining restorations formed 
the second group. The explanatory clinical 
variables exerting the strongest influence on 
the calculations of the discrimination scores 
were the patient's age and treatment experi
ence, the operator, and various indices for 
the dimension of the cavities and of the cavo
surface angle (p < 0.001). The association 
with explanatory variables not related to the 
dimensions and qualities of the cavity prep
arations have been described in another 
article (32). When only the cavity design 
variables were included in the functions, the 
explanatory variables with the greatest 
influence on the calculation of the dis-
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Fig. 4. Cross-tabulation 
of the prevalence and 
·reasons for 
replacement of 238 
class:11 amalgam 
restorations, 
categorized by the 
presence or location of 
undermined enamel 
(vertical diagrams) and 
by an adequate or poor a ality of the 

vosurface angle 
(horizontal diagrams) . 
The location of the 
undermined enamel is 
marked with arrows, 
and the quality of the 
cavosurface angle is 
dichotomized in 
accordance with the 
figure in the first row. 
Poor quality of the 
cavosuface margin is in 
the left column (n = 
142), acceptable 
cavosurface margins in 
the right column (n = 
96). The numbers and 
letters in each subgroup 
indicate the number of 
restorations at base line 
(n0), the number in 
service at the end of the 
observation period 
(n9), and the number 

C~ replacements 
,ecause of secondary 

caries (S), restoration 
bulk fracture (F), 
tooth fracture (T), or 
other reasons (0). 

Total 

n0= 61 
n9'= 42 

11 S 
4F 
3T 
1 0 

n0= 8 
n9= ·7 

1 F 

n0= 34 
n9= 28 

1 S 
2F 
1 T 
20 

n0= 39 
n9= 22 

11 S 
5F 

1 0 

n0= 142 
n9= 99 =70% 

23 S =16% 
12 F = 8% 
4T = 3% 
40 = 3% 

Service time and cavity design 117 

Total 

60 121 
43 85 =70% 
3S 14 S =12"/4 
10 F 14 F =12% 
2T 5T = 4% 
20 3 0 = 2"/4 

6 14 
5 12 =86% 

1 F 2F =14% 

14 48 
10 38 =78% 
1 S 2S = 4% 
1 F 3F = 6% 
2T 3T = 6% 

20 = 4% 

16 55 
14 36 =65% 
2S 13 S=24% 

5F = 9% 

1 0 = 2% 

96 238 
72 =75% 171 =72% 
6S = 6% 30 S=13% 
12 F =12% 24 F =10% 
4 T = 4% BT= 3% 
20 = 2% 6 0= 2% 

criminant scores were the occlusal depth at 
the isthmus, the quality of the cavosurface 
angle, proximal buccolingual width and 
depth, presence and location of undermined 
enamel, acuteness of external gingivoaxial 
line angles, and the degree of convergence 
of the cavity walls (p < 0.001). 

When the failure group was defined as the 
30 restorations replaced because of secon
dary caries, the discriminant function 

included the operator, the patient's age and 
treatment experience, and the proximal-buc
colingual width gingivally as important 
explanatory variables (p < 0.001). Only 
three explanatory variables were included 
in the discriminant function when only the 
cavity design variables were available for 
inclusion. All three explanatory variables 
were related to the gingival part of the proxi
mal surface (Table 5). 
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~ 

'"B -l, . r:J ~ !~,-

w n0= 104 36 
n9= 80 27 . 

14 S 1 S 
' 4F 6F t 

3T 2T 
30 

n0= 39 60 
n9= 19 45 

10 S 5S 
{ SF 6F 
Jl~ .. 1 T 2T 

1 0 20 

n0= 143 96 
n9= 99 =69% 72 =75% 

Total 24 S =17% 6S = 6% 
12 F = 8% 12 F =12% 
4T = 3% 4T = 4% 
40 = 3% 20 = 2% 

In the last discriminant analysis, in which 
the failure group consisted of 24 restorations 
replaced because of restoration bulk frac
tures, the discriminant function included the 
patient age, the proximal and occlusal depth, 
the occlusal buccolingual width at the isth
mus, and the degree of convergence of the 
cavity walls in both the proximal and occlusal 
parts as the most important (p < 0.001). The 
function also included the operator and type 
of amalgam alloy, as described in the con
joint report (32). W~en only the cavity 
design variables were available for inclusion, 
the discriminant function included the same 
explanatory variables and also the cervico
axial location of the margin on the proximal 
surface. : 

Different explanatory variables were in
cluded in the discriminant analyses depend
ing on how the grouping variables were 
coded. The ranking of the stage of inclusion 
in the discriminating function was also de
pendent on whether the analysis included all 
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Fig. 5. Cross-tabulation 
of the prevalence and 
reasons for 
replacement of 239 
class-II amalgam 
restorations, 

Total categorized by the 
convergence or 

140 divergence of the 

107 =76% cavity walls occlusally 
(vertical diagrams), 15 S =11% 

10 F = 7% 
and proximally 
(horizontal diagrams). 

ST = 4% Only the relevant part 
30 = 2% of the cavity is shown, 

and convergence is 
99 marked with arrows. 

64 =65% The numbers and ~ 
15 S =15% letters in each subgrou 

indicate the number of 
14 F =14% restorations at base line 
3T = 3% (n0), the number in 
30 = 3% service at the end of 

the observation period 
239 (n9), and the number 
171 =72% of replacements 

30 S =13% because of secondary 

24 F =10% 
caries (S), restoration 
bulk fracture (F), 

ST= 3% tooth fracture (T) , or 
60= 2% other reasons (0). 

the explanatory clinical variables or only the 
cavity design variables (Table 5). In general, 
the eigenvalues of the functions decreased 
markedly when only the cavity design vari
ables were included in the discriminant func
tion. However, in all six analyses, significan 
differences at the p < 0.001 level we 
observed between the two groups (Table 5) . 

The predictive values of the discriminant 
functions-that is, the sensitivity and speci
ficity in the different discriminant analyses
are presented in Table 6. 

Discussion 
Statistical considerations 

An assessment of which features of a pre
pared cavity predict the prognosis of a res
toration presents methodologic problems 
in selecting the optimal study design and 
statistical technique. It is not possible to 
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Table 2. Explanatory variables associated with the service time and replacement reason for 
class-II amalgam restorations. The service time of the restorations is the response variable 
in the Wilcoxon/Kruskal-Wallis tests. The prevalence of replacement reasons is the 
response variable in the chi-square statistics. Categorization of the explanatory variables 
is shown in Table 1. The significance levels indicate probability of equalities of the groups 

Occlusal part 
Buccling. width (mm) 
Buccling. width, average 
Buccling. width, maxinlum 
Buccling. width, isthmus 
Depth, average 
Depth, at isthmus 
Location on cusp incline 

0 Remaining enamel slices 
Remaining fissures 
Box-only preparation 
Convergence of walls 

Proximal part 
Buccling. width, isthmus 
Buccling. width, gingiva 
Buccling. width, average 
Buccling. width (mm) 
Location gingivally, min. 
Location gingivally, max. 
Location gingivally, mean 
Depth, average 
Lock in gingival floor 
Ging. axial I.a. acuteness 
Convergence of walls 

Occlusal and proximal part 
Volume (mm3) 

Bevel pulpoaxial line angle 
Rounding, internal I.a. 
Undermined enamel 
Quality of cavosur. angle 

Q se a basic statistical technique such as a 
complete randomization design owing to the 
lack of independence between the cavity 
design variables (33). Also clinical studies 
using randomized block designs or matched
pair designs are difficult to conduct without 
a large, and possible selective, patient base 
to choose from (34). Multivariate statistical 
techniques are therefore required to discover 
any cause-effect relationships between the 
cavity design variables and the clinical 
behavior of the restoration. A further prob
lem is how to define or describe an optimal 
class-II cavity design. A description must 
consist of dichotomous variables, such as 
undermined enamel present/not present; 
discrete variables, such as quality of the 

No. in Wilcoxon/Kruskal Chi-square 
Table 1 significance significance 

(3) 0.()()C) 0.017 
(3) 0.000 0.011 
(4) 0.002 0.002 
(5) 0.006 0.004 

(13) 0.925 0.096 
(14) 0.182 0.005 
(17) 0.001 0.022 
(18) 0.654 0.783 
(19) 0.343 0.463 
(20) 0.135 0.115 
(27) 0.025 0.250 

(7) 0.021 0.()()C) 
(8) 0.()()C) 0.006 
(9) 0.003 0.002 
(9) 0.034 0.026 

(10) 0.049 0.004 
(11) 0.207 0.004 
(12) 0.855 0.086 
(15) 0.092 0.668 
(21) 0.293 0.207 
(24) 0.001 0.002 
(28) 0.006 0.342 

(16) 0.044 0.051 
(22) 0.783 0.677 
(23) 0.125 0.990 
(25) 0.123 0.423 
(26) 0.002 0.030 

cavosurface angle; and continuous variables, 
such as buccolingual widths. Although it is 
clinically unrealistic to regard the prepared 
cavity as many separate clinical variables 
instead of a unity, the calculation of an index 
for the morphology of the cavity may not be 
meaningful (35). On the other hand, owing 
to the statistical interaction between the 
explanatory variables, it is difficult to esti
mate quantitatively the influence of each sep
arate feature of the prepared cavity on the 
clinical behavior of the restoration. 

A statistical technique that may identify 
properties of the cavity preparation which 
influence the clinical behavior of the res
toration is linear discriminant analysis (36). 
This statistic calculates discriminant scores 
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Table 3. Correlation between the cavity design variables, assessed by Pearson correlation coefficient. Asterisks 
indicate degree of correlation: • = p < 0.01 .. = p < 0.001 

3a 3b 4 5 7 8 9a 9b 10 111213 14 15 16 17 18 19 20 24 

Buccling. width (mm) (3a) 
Bucding. width, average (3b) •• 

· Buccling. width, maximum (4) •• ... . 
Buccling. width, isthmus (5) •• •• •• 
Buccling. width, isthmus (7) •• .. •• •• 
Buccling. width, gingiva (8) •• •• •• •• •• 
Buccling. width (mm) (9a) •• •• •• •• •• •• 
Buccling. width, average (9b) •• •• •• •• •• •• •• 
Location gingivally, min. (10) •• • • •••••• •• 
Location gingivally, max. (11) .. • • .. . •• •• • • 
Locatiuu gingivally, mean (12) •• •• • • ••••••• • • •• •• 
Depth, average (13) •• •• • ••• • •• 
Depth, at isthmus (14) •• •• • ••• • ••• 
Depth, average (15) • • • •• • •• • CJ 
Volume (mm3) (16) •• •• •• •• •• •• •• •• •• •• •• •• •• •• 
Location on cusp incline (17) •• •• • ••••••••• .. . •• •• •• •• •• 
Remaining enamel slices (18) 
Remaining fissures (19) 
Box-only preparation (20) •• • • • 
Lock in gingival floor (21) • • 
Bevel pulpoaxial line angle (22) 
Ging. axial I.a. acuteness (24) • 
Undermined enamel (25) • 
Quality of cavosur. angle (26) 
Convergence of occlusal wall (28) 

from combinations of explanatory variables 
and relates the discriminant score to a 
response variable. The coefficients of the 
function are chosen so the values of the 

. function differ as much as possible t;>etween 
the groups. Thus, the functions include the 
explanatory variables that maximize the 
between-group sum of squares relative to 
the within-group sum of squares (36). In 
dentistry, the statistical technique has been 
used to analyze facial pain (37), predict high
caries risk patients (38, 39), and diagnose 
periodontitis (40). It was therefore antici
pated that by using the statistics with the 
specific restoration failure reasons as re
sponse variables, the explanatory variables 
in the discriminant function with the highest 
coefficients and correlations would be 
related to the success or failure of the res
torations. 

The sensitivity and specificity levels dif
fered among the discrimination functions. 
The most obvious reason is that since a 
replacement is a terminal event, only one 

• • • 
• • ••• 

• •• 
• • 

• • 
• • 

• • • •• 

reason for replacement can be recorded. 
Another explanation is that dentists do not 
necessarily discover or diagnose correctly the 
clinical state of the restorations (23). If the 
last factor is present, not only will the 
classification rates of the discriminant func
tions decrease, but the calculation of the 
discriminant function is also confounded{\ 
The operators in the present study had beer\----' 
trained in assessing the restorations by the 
USPHS system (29), so this source of error 
was presumably controlled. Another factor 
with probable influence on the sensitivity 
and specificity levels was the non-continuous 
nature of the explanatory variables. When 
combinations of continuous and discrete 
variables are included in a discriminant func
tion, the probability of incorrect classifi
cation increases (41, 42). A further effect 
could have been caused by the slightly dif
ferent covariance matrices for some of the 
discriminant functions (Table 6). 

Confounding factors related to the design 
of the study is the lack of a qualitative eval-

' 
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0 

Table 4. The mean values with standard deviations of the explanatory variables in the group of restorations 
that remained in service (n = 188) and of the different failure groups (n = 68). The values are presented in 
millimeters (mm), proportion of buccolingual widths (bl), proportion of the cavity features assessed as 
acceptable (pro), cubic millimeters (mm3), and in degrees. The significance was calculated by a one-way 
analysis of variance 

Remain in Secondary Bulk Tooth 
No. in service caries fracture fracture 

Table 1 (n = 188) (n = 30) (n = 24) (n = 8) U-test 

Occlusal part 
Bucclingual width (mm) (3) 2.6 ± 1.0 1.9 ± 0.6 2.3 ± 0.8 3.4 ± 1.0 0.000 
Bucclingual width, average (bl) (3) 0.48 ± 0.17 0.35 ± 0.12 0.43 ± 0.16 0.58 ± O.Q7 0.000 

· Bucclingual width, maximum (bl) (4) 0.50 ± 0.20 0.36 ± 0.13 0.48 ± 0.23 0.58 ± 0.19 0.002 
Bucclingual width, isthmus (bl) (5) 0.47 ± 0.16 0.35 ± 0.11 0.39 ± 0.11 0.58 ± 0.13 0.000 
Depth, average (mm) (13) 2.1 ± 0.6 2.0 ±0.7 2.3 ± 0.5 2.5 ± 1 0.080 
Depth, at isthmus (mm) (14) 2.1 ± 0.5 2.0 ± 0.4 2.3 ± 0.5 2.7 ± 0.7 0.014 
Location <2/3 of cusp incline (pro) (17) 0.49 ± 0.50 0.80 ± 0.41 0.58 ± 0.50 0.13 ± 0.35 0.001 
No remaining enamel slices (pro) (18) 0.88 ± 0.32 0.80 ± 0.41 0.79 ± 0.41 0.75 ± 0.46 0.343 
No remaining fissures (pro) (19) 0.91 ± 20 0.85 ± 0.31 0.92 ± 0.25 0.93 ± 0.12 0.268 
Occlusally converging walls (pro) (27) 0.61 ± 49 0.50 ± 0.51 0.42 ± 0.50 0.63 ± 0.52 0.26 

Proximal part 
Bucclingual width, isthmus (bl) (7) 0.44 ± 0.13 0.34 ± 0.13 0.42 ± 0.12 0.47 ± 0.16 0.001 
Bucclingual width, gingiva (bl) (8) 0.42 ± 0.12 0.31 ± 0.10 0.38 ± 0.10 0.43 ± 0.15 0.000 
Bucclingual width, average (bl) (9) 0.43 ± 0.12 0.33 ± 0.11 0.40 ± 0.11 0.45 ± 0.16 0.000 
Bucclingual width (mm) (9) 5.1 ± 1.5 3.8 ± 1.2 4.7 ± 1.3 5.4 ± 2.0 0.000 
Location gingivally, min. (mm) (10) 3.2±0.8 2.8 ±0.9 2.7 ±0.9 3.7 ±0.8 0.096 
Location gingivally, max. (mm) (11) 4.3 ± 0.8 3.9 ± 0.9 3.9 ± 0.8 4.8 ± 1 0.104 
Location gingivally, mean (mm) (12) 3.6 ± 0.8 :3.2 ±0.7 3.3 ±0.7 4.2 ±0.8 0.003 
Depth, average (mm) (15) 1.6 ± 0.4 1.7 ± 0.4 1.8 ±0.5 1.8 ± 0.4 0.082 
Lock in gingival floor (pro) (21) 0.75 ± 43 0.86 ± 0.35 0.79 ± 0.41 0.63 ± 0.52 0.459 
Gingivoaxial line-angle (degr) (24) 80± 17 70±22 67 ± 33 81 ± 18 0.006 
Occlusally converging walls (pro) (28) 0.58 ± 50.0 0.80 ± 0.41 0.50 ± 0.51 0.50 ± 0.53 0.085 

Occlusal and proximal part 
Volume (mm3) (16) 52±36 36± 19 49±26 76 ± 27 0.011 
No box-only preparation (pro) (20) 0.96 ± 0.19 0.85 ± 0.36 1 0.75 ± 0.50 0.055 
Beveled pulpoaxial line-ang. (pro) (22) 0.73 ± 0.44 0.64 ± 0.49 0.68 ± 0.48 0.83 ± 0.41 0.705 
Rounded internal line-ang. (pro) (23) 0.86 ± 0.35 0.87 ± 0.35 0.87 ± 0.34 0.75 ± 0.46 0.845 
No undermined enamel (pro) (25) 0.79 ± 0.41 0.55 ± 0.51 0.79 ± 0.41 1 0.013 
Good quality cavosurface (pro) (26) 0.54 ± 0.50 0.37 ± 0.49 0.33 ± 0.48 0.12 ± 0.35 0.015 

uation of the proximal surfaces beyond the practices, any interference with the daily 
use of USPHS criteria and X-ray photo- treatment carried out by the dentists was 
graphs at the yearly recalls. More detailed avoided. On the other hand, the clinicians 
examinations for poor proximal adaptation, involved in the present study were informed 
porosities, subgingival surface roughness, or of the general guidelines for safeguarding 
size of overhangs were thus not carried out. of patients in clinical trials (43, 44). It was 
Although none of these criteria were used as therefore assumed that they kept to an 
reasons for replacements during the trial, it acceptable quality of dental care and would 
was realized that these aspects could have correct and report any discrepancies of the 
influenced the prognosis of the restoration. restoration if detected. A second reason was 
However, the proximal surfaces were not the lack of universally accepted and simple 
examined for several reasons. The most evaluation systems for scoring these dis
important reason was that, since the main crepancies on the proximal surface. Finally, 
objective in this clinical trial was to collect the cost and logistic factors must be 
clinical data that reflected the status of the considered, since it was believed that the 
dental treatment carried out in the general potential gain of information obtained in a 
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Table 5. Summary of the explanatory variables included in the discriminant analyses using the stepwise 
method. The selection of explanatory variables were based on multivariate F-statistics. The significance 
levels at all steps were p < 0.05. The failure groups were A = replacements due to secondary caries, 
tooth or restoration fractures, C = replacements due to secondary caries, F = replacements due to 
restoration bulk fractures. Increase in value of the variables increases the risk of failure, while increase 
in value of the variables in bold types decreases the risk of failure 

All clinical variables Only cavity variables 
included in function included in function 

Discriminant groups 

Explanatory variables 
Patient treatment experience 
Patient age 
Operator 
Intraoral location 
Type of alloy 

Occlusal buccolingual width, isthmus 
Proximal buccolingual width, isthmus 
Proximal buccolingual width, gingiva 
Proximal buccolingual width, mean 
Occlusal depth, mean 
Occlusal depth isthmus 
Proximal cavity depth 
Gingivoaxial line angle acuteness 
Undermined enamel 
Cavosurface angle quality 
Wall convergence, both parts 
Wall convergence, proximal part 

No. in 
Table 1 

(5) 
(7) 

A 

1 
2 
5 
7 

(8) 8 
(9) 9 

(13) 
(14) 3 
(15) 
(24) 
(25) 10 
(26) 4 

(27 + 28) 
(28) 6 

C 

1 
4 
3 

2 
6 

7 

5 

F 

1 
6 

7 

5 

2 

4 

3 

A 

7 
1 

2 
6 
5 

4 
3 

C 

1 

2 

3 

F 

2 

3 

1 

4 

Eigenvalue 
Wilks's lambda 
Significance 

0.658 0.613 0.208 0.222 0.141 0.111 
0.603 0.620 0.828 0.819 0.877 0.890 
0.000 0.000 0.000 0.000 0.000 0.001 

scanning electron microscope could not be 
justified by the use of necessary extra time 
and laboratory personnel. 

Several cavity design variables were ident
ified by the univariate statistics as influential 
on both the reasons for replacement and the 

Table 6. Concordance of predicted classifications to the actual classifications using discriminant 
analyses, with different definitions of the failure groups. Box's M test measures the equality of 
the group covariance matrices 

Correctly Box's M 
Sensitivity Specificity classified significance 

Failure group = secondary caries, tooth and restoration fractures 
All variables 0.86 0.67 0.81 0.016 
Cavity variables 0.69 0.73 0.70 0.010 

Failure group = secondary caries 
All variables 0.93 0.86 0.92 0.014 
Cavity variables 0.77 0.81 0.77 0.080 

Failure group = restoration bulk fracture 
All variables 0.77 0.78 0.77 0.065 
Cavity variables 0.69 0.70 0.69 0.015 
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surface time of the restoration. Whereas the 
chi-square test only gave some indication of 
the association between the cavity design 
and failure reasons, the significance levels 
in the non-parametric one-way analyses of 
variance indicated the severity of the cavity 
design discrepancies in terms of reduced 
clinical service. One variable that was ident
ified as clinically significant by the later stat
istic was the proximal depth, since three 
restorations placed in cavities with proximal 
parts >2.5 mm fractured after 2, 4, and 6 

, months of clinical service. However, the 
interrelationship between the explanatory 

Cvariables (Table 3) precludes further stat
istical inferences based on the univariate 
statistics. 

The different discriminant analyses and 
the univariate statistics identified approxi
mately similar cavity design variables of the 
surface time and the replacement reasons for 
the restorations (Tables 2, 4, and 5). Owing 
to the low number of failures related to mar
ginal degradation (n = 3) there were no 
attempts to associated the explanatory vari
ables with this failure reason. The number 
of tooth fractures was also low (n = 8), and 
detailed analyses were therefore difficult. 
However, the general impression was that 
tooth fractures were mainly associated with 
cavities with large and deep parts both 
occlusally and proximally (Table 4). The 
analyses focused primarily on the two main 
failure groups-that is, bulk fractures and 
secondary caries. 

0 
Cavity design versus failures 

The restorations replaced because of 
secondary caries were associated with cavity 
design variables of the proximal part. Nar
row extensions, especially at the gingiva, 
could be associated with increased preva
lence of secondary caries. It is possible that 
the operator in these cases had not extended 
the preparation beyond the actual caries on 
the enamel surface. This was not possible to 
inspect on the epoxy casts. However, the 
observation draws attention to the possibility 
that conservation of tooth tissue proximally 
increases the risk of leaving sectors of de
mineralized enamel along the cavosurface 
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angle. Previous authors have suggested that 
the incidence of secondary caries is reduced 
when the restoration margins are placed 
subgingivally (14, 15). The data from the 
present study do not show that the preva
lence of secondary caries can be related to 
the cervicoaxial location of the margin. 
However, the lack of relationship may be 
influenced by the study design in the present 
study, since the gingival extension of the 
prepared cavities was not assessed clinically 
but relative to the occlusal marginal ridge on 
the epoxy casts (28). Moreover, the hypoth
esis that non-supported cusps increase the 
risks for secondary caries ( 45) was not sup
ported by the data, since the incidence of 
secondary caries was low in the restorations 
with wide occlusal parts (0 of 31 observed, 
13% expected) (Fig. 2). Several qualitative 
explanatory variables of the class-II cavities 
were also associated with secondary caries. 
These were undermined enamel and acute
ness of the external axiogingival line angles 
on the proximal surface, the degree of con
vergence of the proximal buccolingual walls, 
and the quality of the cavosurface angle. The 
relationship between undermined enamel 
proximally and secondary caries may be due 
to the fracturing of margins during the place
ment of the amalgam matrix ( 46) or during 
the condensation of the amalgam (47). The 
two cavity design variables acuteness of 
axiogingival line angle and degree of con
vergence of the proximal cavity walls can be 
viewed as factors that influence the ability 
of the operators to condense optimally the 
amalgam in the proximal box. This obser
vation supports the hypothesis that the high 
incidence of secondary caries gingivally on 
the proximal surfaces is primarily the result 
of lack of condensation of the amalgam into 
the proximal comers ( 48). The relatively 
poor association between the quality of the 
cavosurface angle and secondary caries was 
unexpected. It is possible that the criteria 
used in the present study f 0.r .e.v~luating the 
quality of the cavosurface .mangin was too 
rough and that the cavosurface margins con
sidered acceptable were, in effect, clinically 
unsatisfactory. The same cavity preparations 
had also been scored in accordance with the 
CMI index ( 49). However, since most of the 
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cavosurface margins were considered unac
ceptable by the CMI index, the authors had 
concluded that the CMI index was too finely 
graded (26). The present data indicate that 
this conclusion was somewhat premature, 
and the index could indeed have been more 
clinically relevant than the one used in the 
present study. A further ,potential impli
cation of this observation is that the pre
requisite for the development of secondary 
caries may develop at a certain unknown 
level of the cavosurface margin quality, and 
further categorization of the quality beyond 
this level is clinically irrelevant. 

The lack of association · between res
toration bulk fractures and internal cavity 
design features is in accordance with pre
vious reports ( 5, 6). The 24 fractures were 
distributed in 22 patients, showing that the 
fractures were not restricted to a few patients 
with heavy occlusal contacts (32). The cavity 
design features that seem to predispose for 
bulk fractures are narrow buccolingual 
widths, markedly converging buccolingual 
walls, and deep occlusal and proximal parts 
(p < 0.001) (Table 5). The clinical impli
cation of this conclusion is uncertain, since 
it is generally assumed that bulk is needed 
in class-II cavities, especially in the isthmus 
region (1-3). However, this assumption is 
primarily based on in vitro studies, and a 
literature search did not identify clinical 
studies supporting the rationale of preparing 
cavities for restorations with larger bulk 
occlusally. Although the very early failures 
probably were related to supracontact, the 
data thus show that the risk for bulk resto
ration fractures is not reduced by deepening 
of the occlusal aspects. Confounding fac
tors on the results may have been caused 
by an adverse anatomic foFJD of the antag
onizing cusp (5), a potentially detrimental 
effect of an exaggerated reproduction of 
deep sulci on the occlusal surface (13), or an 
uncriticaLuse of a base· (50). These aspects 
were not evaluated in the present study, al
though 'the last impressions or photographs 
made before the failures were examined for 
wear facets or deep sulci made occlusally. 
The correlation between the reproduction of 
occlusal anatomy and cavity width has not 
been reported in the literature, but the carv-
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ing of deep occlusal sulci is probably not 
influenced by the buccolingual cavity size. 
On the other hand, the use of a base is 
commonest in deep cavities. It is therefore 
uncertain whether the increased frequency 
of fractured restorations in the deep cavities 
observed in the present study is the result of 
a cavity design that produced higher tensile 
stress in the restoration (6, 7) or is due to 
weakening of the restoration support by 
thick layers of base materials (50). 

Cavity design variables that could not be 
associated with the clinical behavior of the 
restorations were beveling of the axiopulpal 
line angle, presence of proximal locks 
rounding of the internal line angles, remain
ing fissures in continuation from the cavo
surface angle, or slices of less than 1 mm of 
enamel remaining between two restorations 
occlusally. Although the effects of these vari
ables may appear after many years of service, 
the data after 8 to 10 years' clinical service 
show that these design variables are clinically 
unimportant features of the class-II cavities 
for amalgam. 
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