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Fifty-eight experimental resin restorations were performed in intact, human premolars, using 
different leakage-reducing restorative procedures. These were conventional acid-etching and 
acid-etching followed by cavity treatment with an intermediary layer of low-viscous resin or 
the dentin adhesive NPG-GMA/ethanol. The teeth were extracted after 4 months and 
examined for pulpal inflammation/necrosis (I), reduction of odontoblasts (OR), and formation 
of tertiary dentin (TD). By the general linear model procedure, 91%, 34%, and 56% of the 
variations in I, OR,  and TD, respectively, could be explained by variations in the experimental 
conditions. The significant independent variables were jaw, stage of root formation, width of 
pulp, width of cavity, marginal leakage, bacteria in the cavity, bacteria in the exposed dentinal 
tubules, and the restorative procedure. With regard to the restorative procedure the analyses 
showed that application of low-viscous resin increased the pulpal reactions OR and I, 
whereas cavity treatment with NPG-GMA/ethanol had no adverse biologic effect. 0 Bacterial 
microleakage; composites; dental materials; dentin adhesiues; histology 
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Research has clearly shown that several fac- 
tors affect pulpal responses to dental res- 
torations, including cavity preparation, 
toxicity of the materials placed, and sub- 
sequent leakage of bacteria and bacterial 
substances along cavity margins. It is no won- 
der, therefore, that recent studies on exper- 
imental resin restorations performed with 
modern techniques such as acid-etching and 
dentin adhesives have led to different con- 
clusions as to their irritative effects (1-18). 
Reported reaction patterns range from 
‘none’ to ‘moderate’ changes in the pulp 
tissue (2,5,9,10,13), but ‘severe’ reactions 
have also been observed (1,3,4,& 
8,11,12, 14-18). It is natural to interpret the 
extreme variation as being an indication of 
the complex interplay between the inherent 
toxic potential of the materials and the cavity 
treatments. In addition to their direct toxic 
potential the cavity treatments also promote 
a reduction in marginal leakage, known in 

itself to be an important factor for pulpal 
reactions (2,4,7-9,11,17-20). In light of 
the growing use of resin restorative materials 
and the variety of cavity treatments, there is 
an obvious need for identification of relevant 
factors determining the pulpal reactions to 
resin restorations performed with leakage- 
reducing restorative procedures. 

The first step in this direction is the avail- 
ability of statistical procedures making it 
possible to treat both quantitative and quali- 
tative data. It is well known that classical 
analyses of variance and regression, among 
other fundamental assumptions, require 
quantitative data measured in the least on 
an interval scale (21). However, many of the 
relevant variables involved in pulpal studies 
are qualitative ones, or they can only be 
measured on an ordinal scale, as, for 
instance, marginal leakage and different 
degrees of pulpal reactions. In a recent study 
it was documented, however, that general 
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linear model analysis (GLM analysis) (22) 
i s  capable of handling both qualitative and 
quantitative data for the identification of 
significant variables that can explain the pul- 
pal reactions to restorative materials (23). 

For this reason we have used GLM analy- 
sis in our present study, which deals with 
pulpal reactions to resin restorations per- 
formed with different leakage-reducing res- 
torative procedures (24). These are 
conventional acid-etching and acid-etching 
followed by cavity treatment with an inter- 
mediary layer of low-viscous resin or the 
dentin adhesive NPG-GMA/ethanol. 

ACTA ODONTOI s cmr j  17 ( I Y X Y )  

cise Enamel Bond, batch 8320 K1/LI, 3M 
Co.) was applied to the etched area in 21 
cavities (B + C). Ten other cavities (D) 
received a double application of a 2% w/w 
ethanol solution of the dentin adhesive N -  
phenylglycine-glycidyl methacrylate (NPG- 
GMA/ethanol) (Cosmic Bond, De Trey 
Division, Dentsply Ltd., Weybridge, 
England) followed by brief air-blowing. 
After cavity treatment a chemically cured 
composite resin (Concise, batch 71 17 FG 23, 
3M Co.) was inserted into all cavities with 
excess and covered with a cervical matrix 
that was pressed against the tooth surface. 
The restorations were not finished, but great 
excess of polymerized resin was removed 
with an excavator, leaving the margin of the 
restorations undisturbed. Materials and methods 

Fifty-eight class V resin restorations were 
placed in intact premolars in children 
between 1 1  and 15 years of age. The teeth 
were in functional occlusion and scheduled 
!or extraction for orthodontic reasons. 

The following restorative procedures were 
\tudied: A) acid-etching and filling with com- 
posite resin (27 cavities); B) acid-etching, 
,ipplication of low-viscous resin, and filling 
with composite resin (6 cavities); C) acid- 
ctching with cotton protection of the exposed 
dentin, application of low-viscous resin, and 
filling with composite resin (15 cavities); and 
U )  acid-etching, application of the dentin 
adhesive NPG-GMA/ethanol, and filling 
with coniposite resin (I0 cavities). 

i7inicul procedure 
Under local anesthesia a slightly undercut 

cavity with a depth and diameter of approxi- 
mately 2 and 3 mm, respectively, was pre- 
pared on the buccal surface of each tooth 
with a carbide bur used at high speed with 
abundant water spray. All cavities and 1 mm 
of the surrounding enamel surface were 
etched for 60 sec with 37% phosphoric acid 
(Concise Etching Liquid, batch 61042, 3M 
Co., Minneapolis, Minn., USA), sprayed 
with water for 15sec, and dried with air 
blowing for 5 sec. During acid-conditioning 
the exposed dentin in 15 cavities was pro- 
tected with hydrophobic cotton (C). An 
intermediary layer of low-viscous resin (Con- 

Histologic procedure 
After an observation period of 4 months 

the teeth were extracted under local anes- 
thesia, fixated in 10% neutral formalin for 
4 days, and demineralized in 10% neutral 
ethylenediaminetetraacetic acid (EDTA). 
The fillings were then loosened from the 
cavities and coated for scanning electron 
microscopy (SEM) examination, and the 
teeth were embedded in paraffin. Approxi- 
mately 200 serial sections at 6-8 pm were cut 
through each cavity pulp area and stained 
sequentially with hematoxylin and eosin, 
Movat’s tetrachrome staining, and a niodi- 
fication of Hucker’s I1 Gram-staining for 
microorganisms (25). Examination of the 
stained sections was carried out without 
knowledge of the treatment procedure 

For each of the experimental restorations 
the maximum and the average degree of the 
pulpal reactions were recorded as infiltration 
with inflammatory cells or necrosis (1) (Fig. 
l), reduction in number of odontoblasts 
(OR), and width and area of apposition of 
tertiary dentin (TD) (23). The average recor- 
dings were based on scorings and measure- 
ments performed on 10 sections selected 
equidistantly within each tooth from the cav- 
ity pulp area. The quantitation, range, mean, 
and standard error of the mean for each of 
the pulpal reactions are given in Table 1, 
together with similar information with 
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Table I .  Abbreviation, scale of measurement, range, mean, and standard error of mean for the 
dependent variables-that is, the pulpal reactions-and for the independent variables-that is, 
variables that may influence the pulpal reactions to experimental resin restorations 

List of variables 
included in the 

statistical analysis Abbreviation 

lnflammatory reaction 
from none to necrosis 

Maximum values 
Average values 

Reduction of odontoblasts 
from none to necrosis 

Maximum values 
Average values 

Maximum values 
Average values 

Area of  tertiary dentin 
Maximum values 
Average values 

Restorative procedure 
Age of child 
Observation period 
Position of tooth 
Stage of root formation 

Unfinished to finished 
Width of pulp 

Maximum values 
Average values 

Extension of cavity 
Maximum values 
Average values 

Remaining dentin 
Minimum values 
Average values 

Width of tertiary dentin 

‘Burned lesions’ 
on cavity walls 
Bacteria on cavity walls 
Average thickness of 
layer of bacteria 
Bacteria in dentinal 
tuhules 
Marginal leakage 
Bac 1 :I, 10% 
Resin penetration into 
dentinal tubules 

I 1  
I 2  

O R  1 
O R  2 

TD 1 
TD 2 

TD 3 
TD 4 
Group 

Time 
Jaw 

Root 

Age 

Pulp 1 
Pulp 2 

Cav 1 
Cav 2 

R D  1 
R D  2 
Burn 1 
Burn 2 
Bac 1 

Bac 2 

Bac 3 

Leak 

Resin 

Scale of Error 
measurement Range Mean of mean 

Scores: 0-5 
Scores: 0-5 

Scores: 0-5 
Scores: 0-5 

In 0.01 mm 
In 0.01 mm 

Ir. 0.01 mmz 
In 0.01 mm2 
AIBICID 
In 0.1 years 
In days 
Upper/lower 

Scores: 1-3 

In 0.1 mm 
In 0.1 mm 

In 0.1 mm 
In 0.1 mm 

In 0.1 mm 
In 0.1 mm 

% of sections 
o/o of sections 

-/+ 

In 3.2 uni 

5% of sections 

-I+ 

Scores: 0-12 

c-5 
0.0-5.0 

1-5 
0.2-5.0 

0.00-0.45 
0.00-0. 22 

0.00-0.99 
0 .0(&0. 48 
- 

10.8-14.9 
116-149 
- 

2-3 

0.65.0 
0.5-3.2 

1.4-3.8 
1.3-3.3 

0.3-2.7 
0 .63 .1  

0-100 
G-100 

C L  (0.7 

(&I00 

- 

- 

0-11.5 

1.7 
1 .0 

3.4 
2.3 

0.13 
0.06 

0.19 
0.09 
- 

12.9 
127 
- 

2.6 

2.5 
1.7 

2.4 
2.2 

1.7 
2.0 

48 
40 

2.5 

37 

- 

- 

2.3 

0.21 
0.18 

0.12 
0.13 

0.01 
0.01 

0.03 
0.01 
- 

0.18 
1.0 
- 

0.06 

0.12 
0.07 

0.05 
0.05 

0. Oh 
0.06 

5.0 
6.2 

0.41 

6.2 

- 

- 

0.34 

Statistical analysis 
The general linear model (GLM) from 

the SAS (statistical analysis system) package 

(22) was used to analyze the significance of 
each of the independent variables Group, 
Age, and so forth on the dependent vari- 
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identified and removed from the model. The 
resulting increment in the unexplained part 
of the variation was tested for significance 
by means of an F test. This procedure was 
continued until the model only contained 
variables significant at a 5% level. Inter- 
actions between these variables were then 
included and tested for significance by the 
same procedure. For the ‘final’ models an 
estimate of the effect on the pulpal reactions 
of each of the significant independent vari- 
ables and interactions was calculated. 

1 CAV 
2 PULP 
3 RD 

Fig. 2. Schematic illustration of recordings of dentinal 
extension of cavity (Cav), width of pulp tissue (Pulp), 
and remaining dentin (RD) for an experimental res- 
toration performed in a lower premolar. 

ables, the pulpal reactions I, OR, and TD. 
In the GLM procedure, as in the analysis of 
variance or regression, the total variation in 
the dependent variable consists of an 
explained part due to the variables included 
in the model and an unexplained part. The 
unexplained part represents individual and 
biologic differences in the pulpal responses 
to the experimental restorations, the effects 
of unidentified variables and interactions, 
and errors of measurement. 

At each step in the analysis the inde- 
pendent variable explaining the smallest part 
of the variation in the pulpal reaction was 

Results 
The pulpal reactions to the restorations are 
summarized in Tables 1 and 2, in accordance 
with the different histologic criteria. The per- 
centage distribution of none, slight, mod- 
erate, and severe inflammatory reactions 
(Fig. 1) to each of the restorative procedures 
is given in Table 3, together with information 
on the amount of remaining dentin beneath 
the cavities, the resin penetration into the 
exposed dentinal tubules, and the marginal 
adaptation of the restorations. 

Cavity treatment with low-viscous resin 
(groups B and C) and the dentin adhesive 
NPG-GMA/ethanol (group D) both 
reduced the leakage occurrence in com- 
parison with conventional acid-etching 
(group A) (Table 3). This may explain the 

Table 2. Mean, range, and explainable part of pulpal reactions to resin restorations performed with different acid- 
etch restorative procedures. For explanation of the abbreviations, see Tables 1 and 3 

11 7 12, OR1, OR2, TD1, TD2, TD3, TD4, 
f sco re  f sco re  f sco re  Xscore f m m  X mm f m m 2  f m m 2  

Group and range and range and range and range and range and range and range and range 

A 

B 

C 

D 
Explained 

part of the 
variation 

2.0 
0-5 
3.2 
0-5 
0.7 
0-3 
1.4 
0-3 

1.1 
0.0-5.0 

2.8 
0.0-5.0 

0.2 
0.0-1.4 

0.5 
0.0-1.4 

3.6 2.6 

4.2 3.2 
3-5 1.65.0 
3.2 1.8 

3.0 1.8 

2-5 1.2-4.0 

1-4 0.2-3.1 

1 4  0.3-3.1 

0.11 0.05 0.14 
0.00-0.28 0.00-0.12 0.00-0.44 

0.19 0.10 0.31 
0.02-0.45 0.01-0.22 0.01-0.99 

0.13 0.05 0.20 
0.00-0.32 0.00-0.15 0.00-0.58 

0.13 0.06 0.23 
0.03-0.28 0.01-0.14 0.00-0.60 

0.07 
0.00-0 .28 

0.17 
0.0 1-0.48 

0.07 
0. O G U  .25 

0.11 
0.00-0. 3 1 

63 % 91% 34% 37% 29% 56% 32% 36% 
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observed reduced inflammatory reaction 
after use of NPG-GMA/ethanol. However, 
application of low-viscous resin resulted in 
the most frequent occurrence of abscess for- 
mation and necrosis and the greatest 
reduction of odontoblasts and apposition of 
tertiary dentin beneath the cavities unless 
the exposed dentin was protected with 
hydrophobic cotton during acid-conditioning 
(Tables 2 and 3) .  The effectiveness of cotton 
protection during etching was also reflected 
in the reduction in resin penetration into the 
dentinal tubules beneath the restorations in 
group C versus group B (Table 3). 

The GLM analyses disclosed that it. was 
possible to explain from 29% to 91% of the 
variation in the degree of the eight pulpal 
reactions listed in Table 1 by means of the 
significant independent variables and inter- 
actions included in the ‘final’ models (Table 
2). It can be seen in Table 2 that the explain- 
able part of the variation varied with the type 
of reaction and the registration method. The 
greatest part of the variations could thus be 
explained when the analyses were performed 
on average recordings and when the width 
of tertiary dentin was used. The most 
informative histologic criteria, therefore, 
seemeil to be 1 2 ,  OR 2, and TD 2. Cor- 
responding to these reactions, 9 l%,  37%, 
and 56% of the variation could be explained. 
The unexplained part of the variations, the 
residuals, was distributed approximately as 
independent, normal deviates with a rnean 
value at zero. Because of the extreme reac- 
tions observed for cavities treated with low- 
viscous resin the GLM procedure was dupli- 
cated excluding the six group-B restorations. 
These analyses confirmed the significance of 
the independent variables and interactions 
in the final models concerning I 2, OR 2, 
and TD 2. and it was also found that the 
explained part of the variations remained at 
approximately the same level as found for 
the total material. 

Table 4 gives the level of significance for 
each of the independent variables in the fi- 
nal models for the three pulpal reactions. 
Apparently, the restorative procedure 
(Group) did not directly influence the for- 
mation of tertiary dentin (TD 2: B 2 D b 
A s C ) ,  even though it had a significant 
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Table 4. Level of significance for each of the inde- 
pendent variables in the final significant models for the 
three types of pulpal reactions. For explanation of the 
abbreviations, see Table 1 

Pulpal reactions to resin restorations 259 

Bac 3), and the marginal adaptation of the 
restorations (Leak: + > -). The reduction 
of odontoblasts increased with the number 
of exposed dentinal tubules measured as the 

Inflammatory Odontoblast Tertiary extension Of the Cavity (CaV), whereas the 
List of reaction, reduction, dentin, formation of tertiary dentin was negatively 

variables 1 2  O R  2 TD 2 correlated to this variable (Cav) and to the 
Group 

Time 
Jaw 
Root 

Age 

Pulp 1 
Pulp 2 
Cav 1 
Cav 2 
RD 1 
RD 2 
Burn 1 
Burn 2 
Bac 1 
Bac 2 
Bac 3 
Leak 
Resin 

0.0001 
NS 
NS 

0.0001 
0.0001 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

0.0001 
NS 

0.0010 
0.0007 

NS 

0.0010 
NS 
NS 
N S  
NS 
NS 
NS 

0.0113 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

NS 
NS 
NS 
NS 
NS 
NS 

0.0004 
NS 

0.0010 
NS 
NS 
NS 
NS 
N S  

0.0011 
NS 
NS 
NS 

effect on the degree of inflammation and 
the reduction of odontoblasts beneath the 
restorations (I 2: B > A D 3 C; and OR 2: 
B 3 A > C 3 D). The inflammatory reac- 
tion was also influenced by the position of 
the tooth (Jaw: upper > lower), the stage of 
the root formation (Root: finished > un- 
finished), the occurrence of bacteria in the 
cavity and in the dentinal tubules (Bac 1; 

width of the pulp tissue (Pulp) but increased 
with the thickness of the layer of bacteria in 
the cavities (Bac 2), as an indirect effect of 
the restorative procedure. 

The charts in Fig. 3 illustrate the relative 
importance of the significant independent 
variables for each of the pulpal reactions 
1 2 ,  OR 2, and TD 2 on the basis of their 
respective mean square sums of variation. 
Thus, 16% and 26% of the explained part of 
the variation in the inflammatory reactions 
could be related to the position of the tooth 
(Jaw) and the stage of root formation 
(Root), respectively. The major part was, 
however, related to the treatment. Thirty- 
four per cent was caused by their leakage- 
preventing effect in terms of marginal leak- 
age (Leak, lo%), bacteria in the cavity (Bac 
1, 12%), and bacteria in the dentin (Bac 3 ,  
12%). The remaining 24% was caused by the 
direct toxic effect of the different restorative 
procedures (Group) and thus reflects the 
significant increase in inflammatory reac- 
tions after use of an intermediary low-viscous 
resin. With regard to the degree of reduction 
in odontoblast cells and the formation of 
tertiary dentin, most of the variation was 

INFLAMMATION REDUCTION OF ODONTOBLASTS TERTIARY DENTIN 

Fig. 3. The relative importance of factors determining the long-term pulpal reactions to experimental resin 
restorations performed with different acid-etch restorative procedures. For explanation of the abbreviations, see 
Table 1. 
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related to the amount of exposed dentinal 
tubules in the cavities (Cav). 

On the basis of the estimated parameters 
for the variables and interactions included in 
the final models the expectable mean reac- 
tions for the different types of restorations 
with and without marginal leakage were 
finally calculated. The figures given in Table 
5 are based on ‘average’ restorations placed 
in upper premolars with completed root for- 
mation (Table 1). They reflect the effect of 
marginal leakage, including bacterial in- 
vasion, on inflammation and apposition of 
tertiary dentin and the effect of the res- 
torative procedure on inflammation and 
odontoblast reduction. The calculations indi- 
cate that resin restorations performed with 
acid-etch procedures usually result in 
reduction of odontoblasts and formation of 
tertiary dentin beneath the cavities, whereas 
:I prolonged infiltration by inflammatory cells 
seems to be closely connected with marginal 
leakage. However, the previously men- 
tioned toxic effect of cavity treatment with 
a n  intermediary layer of low-viscous resin 
(group B) is clearly demonstrated, as this 
procedure enhances the inflammatory re- 
sponses markedly, irrespective of marginal 
adaptationlleakage. However, the calcu- 
lations also show that the  toxic effect of 
this procedure can be prevented when the 
dentin is protected during the acid-etching 
(group C). 

ACTA ODONTOI. SCAND 47 (19x9) 

Discussion 
The most striking result of this study was the 
great variation in the pulpal response to the 
experimental restorations, ranging from 
barely visible reduction in the number of 
cells in the odontoblast layer, to limited 
apposition of tertiary dentin, to a localized 
necrosis or abscess formation in the pulp 
tissue. The variation reflects previous obser- 
\ations (1-18) and emphasizes the need for 
:i better understanding of relevant factors 
dctermining the long-term pulpal reactions 
t o  resin restorations performed with acid- 
etch restorative procedures. 

’Traditional statistical testing of the effect 
nf the restorative procedure and the 

Table 5. Estimates of the average long-term pulpal 
reactions in human teeth to resin restorations in relation 
to restorative procedure and marginal leakage ~ /+ of 
restorations. For explanation of the abbreviations and 
ranging of the reactions, see Table 1 and Fig. 1 

~ _ _ _  
Pulpal reaction-marginal leakage -/+ 

12 OR2 TD2 
- -  

+ - Group - + -I+ 
A 0.6 1.8 2.5 0.04 0.06 
B 1.5 4.1 2.8 0.04 0.06 
C 0.0 0.8 1 .Y 0.04 0.06 
D 0.4 1.3 1.6 0.04 0.06 

numerous other factors that possibly anflu- 
ence the degree of the pulpal reactions may, 
however, lead to invalid conclusions because 
of the large number of tests necessary and 
because of possible mutual correlations 
between the different variables of sig- 
nificance for the reactions. Analysis of 
covariance, as used in the GLM analysis, 
seems to be a valuable tool to overcome 
these problems. In principle, one common 
test is performed for each of the pulpal reac- 
tions. The analyses thus disclosed that the 
significant independent variables and inter- 
actions could explain 91% of the variation 
in the degree of inflammation/necrosis (I), 
37% of the odontoblast reduction (OR), and 
56% of the formation of tertiary dentin 
(TD). Some authors have proposed the use 
of the overall, extreme pulpal response to 
evaluate the effect of different restorative 
procedures and materials (28-30). This easy 
and simple method may, however, lead to 
less reliable conclusions, as our results indi- 
cated that the pulpal reactions I ,  OR, and 
TD were influenced by different inde- 
pendent variables and that the explained part 
of the variations was increased when the 
analyses were performed using average 
recordings instead of extreme recordings of 
the reactions. 

The most important pulpal reaction is the 
degree of inflammation/necrosis owing to 
its possible consequence for pulpal survival. 
Moreover, inflammation/necrosis was the 
most informative reaction with regard to the 
effect of different independent variables on 
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the long-term pulpal reactions to resin re- 
restorations performed with leakage-reduc- 
ing restorative procedures. This result is 
noteworthy, as a previous GLM analysis of 
the 6-month reactions to tooth-colored res- 
torations inserted in unetched cavities 
showed that only 16% of the variation in the 
inflammatory response could be explained, 
against 91% in the present study (23). The 
difference may in part be related to improve- 
ments in the experimental design such as 
the shorter observation period, the use of 
average registrations instead of extreme 
registrations, and the increased number of 
independent variables and interactions 
included in the present analyses. In addition, 
we found that the acid-etching restorative 
procedures add to a prolonged inflammatory 
reaction beneath resin restorations with mar- 
ginal leakage. For this reason it is likely 
that the much more irritative restorative 
procedures used in this study also have 
strengthened the discriminatory value of the 
inflammatory reaction. 

In spite of the high level of explanation 
only six variables seemed to be of sig- 
nificance for the degree of inflammation/ 
necrosis beneath the restorations. Further- 
more, it is tempting to assume that the effect 
of the stage of the root formation and of the 
tooth position may not be interpreted as a 
simple cause-and-effect relationship but as a 
strong indication of the significant role of 
vascularization for pulpal responses to res- 
torative treatments. Previous findings with 
regard to the healing potential of the pulp 
tissue following traumatic injuries to teeth 
further contribute to this conclusion (31,32). 
The significance of the vascularization in 
terms of Root and Jaw (and Pulp for OR 
and TD) should, therefore, be taken into 
account in the planning of future studies and 
in the interpretation of pulpal reactions. 

In agreement with many other studies our 
analyses disclosed that marginal leakage and 
hence the occurrence of bacteria in the cavi- 
ties and in the exposed dentinal tubules is a 
major causal factor in pulp tissue inflam- 
mation (2,4,  7-9, 11, 17-20). Dental plaque 
or a mixture of dental plaque bacteria also 
contains components with the capacity to 
induce inflammatory reactions (33,34). The 

significant effect of marginal leakage (Leak), 
as observed by, us may therefore be due to 
pulpal penetration of toxins produced in the 
plaque on the oral surface of the restor- 
ations. 

The importance of marginal adaptation of 
resin restorations emphasizes the need to 
develop leakage-preventing restorative tech- 
niques. Current attempts to reduce marginal 
leakage seem, however, to involve the use 
of materials with a toxic potential (35). To 
eliminate the possible effect of oral bacteria 
when testing the toxicity of new materials in 
vivo, an additional sealing procedure has 
been suggested by some authors (11,17, 
36,37). Even though this procedure may 
have its advantages, it should also be 
acknowledged that none of the materials and 
techniques available today are able to pre- 
vent marginal leakage totally. For this reason 
it might be more appropriate to examine 
pulpal reactions resulting from the complex 
interplay of all factors involved in res- 
torations, using methods of analysis which 
enable discrimination between the clinically 
relevant factors. 

Considering the significant effect of the 
cavity treatments, a more even distribution 
of observations among the experimental 
groups would have been desirable. In the 
original design of the experiment the number 
of observations in group A was set to 30 and 
in groups B, C, and D to 15. Owing to an 
unforeseen decrease in suitable experi- 
mental teeth during the 2-year sampling 
period the numbers were reduced. How- 
ever, it was still possible to demonstrate 
that cavity treatment with the dentin ad- 
hesive NPG-GMA/ethanol had no adverse 
biologic effect, whereas an intermediary 
layer of low-viscous resin significantly 
increased the pulpal reactions to resin res- 
torations in acid-etched cavities, even 
though the leakage-reducing effect of both 
procedures was confirmed and thus could be 
taken into account in the analyses (24). In 
keeping with previous reports on the pulpal 
effect of various components in resin 
materials we also found that the increased 
resin penetration beneath cavities treated 
with low-viscous resin and NPG-GMA/ 
ethanol had no significant influence on the 
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puBpal reactions (2,38). However, cotton 
protection of the dentin during acid-con- 
ditioning minimized the irritative effect of 
the low-viscous resin, as well as the dentinal 
penetration of resin. In addition, this pro- 
cedure may have reduced the pulpal pen- 
etration of ingredients with a more damaging 
effect than the BISGMA (2,2-bis[p-(y- 
methacryloxy - p - hydroxypropoxy)phenyl]- 
propane) monomer, the main component of 
the composite filling material. In this context 
the toxic effect of TEGDMA (triethylene 
glycol dimethacrylate) used to dilute the 
resin and of the initiator system, which con- 
tains benzoyl-peroxide and a tertiary amine, 
should be considered. The higher con- 
centrations of these agents in the low-viscous 
resin versus the composite filling material 
(39-41) probably explains the severe pulpal 
reactions observed beneath restorations per- 
formed with an intermediary layer of low- 
viscous resin. 

In  addition to the chemically induced 
histologic changes it seems reasonable to 
assume that parts of the reactions may be 
caused by physical injuries produced during 
the cavity preparation, such as heat gen- 
eration or desiccation of the exposed dentin. 
Nowever, the occurrence of burned lesions 
in the dentin (Burn) and the depth of the 
cavities (RD) did not influence the pulpal 
reactions, and neither did the dentin 
adhesive NPG-GMA/ethanol even though it 
may have a marked dehydrating effect as it 
contains 98% w/w ethanol. The major part 
of the long-term pulpal reactions observed 
in this study may therefore be of chemical- 
t.oxic origin. 

Considering the irritative potential of acid- 
etching of cavities, which has been discussed 
in many papers (2,4,  9-12,15-20,4244) it 
is interesting that our estimates for long- 
term pulpal reactions to resin restorations 
performed with optimal marginal adaptation 
generally were confined to slight tissue 
changes (Table 5 ) .  Our results thus support 
the assumption that the phosphoric acid in 
itself only has an acute and minimal effect 
on the dentin pulp organ (2,4,9-11, 42). 
Nevertheless, the estimations also confirmed 
that the increased permeability of the dentin, 
which is the inevitable result of acid-etching 
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procedures (45), increases the toxic effect of 
materials and that of bacteria and bacterial 
toxins in connection with marginal leakage 
along resin restorations (12,16-19,43). 

Because a perfect marginal adaptation 
cannot be totally ensured by any currently 
available restorative techniques, including 
acid-etching and the use of dentin adhesives, 
insulation of the exposed dentin in cavities 
to be restored with resin materials is still 
indicated. 
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