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Abstract

 Aim: To determine indicators of prognosis for mechanical risks of amalgam and composite resin
restorations in permanent teeth. Methods: Thirty-nine adult patients with direct clinical,
photographic, radiographic and model examinations. A total of 256 restorations were classified as
“not satisfactory,” with Bravo or Charlie values according to the modified Ryge /USPHS criteria.
The total “n” was divided into Bravo and Charlie groups according to the value obtained in the
“marginal adaptation” parameter. Each of the groups was sub-divided by the type of material
(amalgam and composite resins) and the class: occlusal (O) and proximal (MOD). Results:
Comparing the Bravo and Charlie groups, the statistically significant indicators were: the mesiodistal
dimension (p=0.037), the distal isthmus (p<0.05), the average of the isthmuses (p<0.05), the
distal (p<0.05) cavity depth, and the average depth of the MOD (p<0.05) cavities. It was concluded
that the type and the class of the restoration are not indicators for sampling. Conclusions: With
regard to the design of the cavity preparation, the valid mechanical risk indicators include the
mesiodistal dimension, the distal isthmus, the average of the isthmuses, the depth of the distal
cavity and the average depth of the MOD cavities. A simple clinical assessment does not provide
sufficient information to establish the indicators for mechanical failure risk of restorations.
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Introduction

Restorations exist in a septic environment and are functionally tested during
chewing, a series of mechanical loads and flexural compressions that are increased
in magnitude if the patient presents bruxism or has a reduced number of teeth1.
Due to multiple reasons, these restorations may fail and require replacement2-10.
While treatment variables are often studied, it is necessary to study the causes of
failure and within those causes, to search for indicators that can be easily
recognized, assessed and compared over time to establish the predictors of
mechanical failure risk for the restored teeth.

Among the causes of most important mechanical failures are marginal defects
in composite resins restorations. It is important for the assessment of defective
restorations to understand how the failure occurs11. Despite the development of
new materials that compensate phenomena such as the C factor in operative cavities,
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it is important to understand what would be the main risk
indicators to improve proper decisions12.

The present work aimed to identify the indicators for
the prognosis of mechanical risks for unsatisfactory resin
restorations in a follow-up. The tested hypothesis was that it
is possible to identify mechanical risk indicators of failed
defective amalgam and composite resin restorations.

Material and methods

This study was approved by the Ethics Committee of
the Research Office of the Dental School of University of
Chile ascribed to PRI-ODO 12-005. All patients signed
informed consent forms and completed a registration form.

Thirty-nine adult patients underwent a clinical
examination (direct examination), along with photographic,
radiographic and model examinations (indirect tests) as
proposed by the literature. The clinical examinations were
performed using the Ryge/USPHS modified criteria13-14 by a
previously calibrated operator (Cohen’s Kappa 85%
concordance), in which all Class I and II composite resin and
amalgam restorations were classified either as “satisfactory”
(Alpha) or “not satisfactory” (Bravo and Charlie).

The photographic study consisted of digital photographs
(Nikon D100, Tokyo, Japan) of both arches and the individual
restored teeth in all patients. The radiological examination
consisted of standardized bilateral bitewing radiographs in
all patients. The analysis of models consisted of standardized
impressions of the arches, obtained at the time of surgery
with polyether impression material Impregum Penta Soft (3M
ESPE, St Paul, MN, USA), which were later poured with extra-
hard plaster (Sintec Ltda, Santiago, Chile).

All patients of the Operative Dental Clinic of University
of Chile of a period (1 year) (n=156) were randomly selected
and enrolled in a representative sample of 39 patients. The
total number of failed restorations (n=256) was divided into
two groups, Bravo and Charlie, according to the value
obtained in the “marginal adaptation” evaluation by the
modified Ryge/USPHS criteria. The following indicators of
the prognosis of mechanical risk were evaluated for each
restoration in a standardized fashion using previously
obtained x-rays and models, as described in the literature1,15.

Indicators of the prognosis of mechanical risk
1. Class of restoration: Occlusal (O), Proximal (P), Mesio-

Occlusal-Distal (MOD) restorations. 2.Type of restorative
material: Amalgam or resin composite. 3. Design of the cavity
preparation: The size of the restoration as a class was measured
on the radiographs and models using a millimeter ruler
(Staedtler, Nüremberg, Germany) with 0.5-mm increments.
In the models, the mesiodistal dimension, the buccolingual
dimension, the mesial isthmus and the distal width were
measured. In the radiographs were measured the mesiodistal
dimension and the depths of the mesial, occlusal, and distal
(MOD) cavities.

All of the collected data were entered into an Excel
spreadsheet to be statistically analyzed. The confidence level
was set at p=0.05. The SSPSv21.0 statistical program (IBM,
New York, NY, USA) was used.

Statistical analysis
The total number of “unsatisfactory” restorations was

divided into two groups, Bravo and Charlie, which
constituted independent variables, each with different n
values. At an early stage, they were compared generally with
Student’s t-test for the indicators. Then, one-way ANOVA
was used to compare the indicators of design in both groups
by the type of restoration (amalgam and composite resin),
without considering the class. Later, the classes were
compared among themselves according to group and class
with a Scheffé test.

Results

I. General comparison of the Bravo and Charlie
groups:

The statistically significant indicators were: the
mesiodistal dimension in both model restorations (p=0.037)
and radiographs (p=0.014), the distal isthmus (p<0.05),
the average of the isthmuses (p<0.05), the distal cavity depth
(p<0.05), and the average of the depths of the MOD cavities
(p<0.05). The data are presented in Table 1.

II. Comparison of each class (occlusal, proximal,
MOD) by group and type (amalgam and resin)

The distribution of the sample is presented in Table 2.
Using one-way ANOVA, the amalgam and resin restorations
were compared by groups (Bravo and Charlie), without
comparing their types. The results of this analysis are
presented in Tables 3 and 4.

Table 3 presents that there were significantly different
indicators between the composite resin and the amalgam
restorations in the Bravo group. Table 4 presents that there
were indicators that had statistically significant differences
between the composite resin and the amalgam restorations
in the Charlie group. The results of the comparison of classes
(occlusal, proximal and MOD) by group and type of
restoration are presented in Tables 5 and 6.

Table 5 shows that there were significant differences
within the amalgam restorations of the Bravo group (ANOVA
and Scheffé test, p<0.05) for the following indicators:
mesiodistal dimension (p<0.05), the average of the isthmuses
(p<0.05) and the average of the depths of the MOD cavities
(p<0.05). These three indicators were significant in the
comparison of types: MOD, proximal occlusal vs. MOD, and
proximal occlusal. As shown in the table, the p values were
not significant statistically for the labio-linguo-palatal
dimension among the three classes. This demonstrates that,
within the resin composite restorations of the Bravo group,
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Indicator
Mesiodistal dimension

Buccolingual/palatal dimension

Mesial isthmus

Distal isthmus

Average of isthmuses

Mesiodistal dimension (bitewing radiograph)

Occlusal cavity depth (bitewing radiograph)

Mesial cavity (bitewing radiograph)

Distal cavity depth (bitewing radiograph)

Average depth of MOD cavities (bitewing radiograph)

Group
Bravo
Charlie
Bravo
Charlie
Bravo
Charlie
Bravo
Charlie
Bravo
Charlie
Bravo
Charlie
Bravo
Charlie
Bravo
Charlie
Bravo
Charlie
Bravo
Charlie

n
178
78
178
78
178
78
178
78
178
78
178
78
178
78
178
78
178
78
178
78

Average
6.355
7.018
4.008
4.369
0.992
1.305
0.671
1.541
0.831
1.463
6.537
7.335
3.201
3.358
1.140
1.346
0.986
2.333
0.831
1.463

DS
2.337
2.308
1.652
1.845
1.689
1.862
1.464
1.903
1.219
1.230
2.502
2.295
1.016
1.140
2.095
2.129
2.035
2.461
1.219
1.230

Means difference
0.663

0.361

0.393

0.870

0.631

0.798

0.157

0.206

1.347

0.631

p value
0.037

0.121

0.098

0.000

0.000

0.014

0.275

0.476

0.000

0.000

Table 1.Table 1.Table 1.Table 1.Table 1. Comparative values (in mm) for group indicators regardless of type and class of the restoration.

Restoration     Occlusal    Proximal       MOD      Total
n (%) n (%) n (%) n (%)

Amalgam 101 (48) 86 (41) 23 (11) 210 (100)
Resin 31 (67) 13 (28) 2 (5) 46 (100)

Table 2.Table 2.Table 2.Table 2.Table 2. Distribution of the sample according to type and class of the restoration.

Indicator p-values Amalgam (n=141) p-values Composite (n=37)
Mesiodistal dimension 0.000 0.098
Buccolingual/palatal Dimension 0.442 0.388
Average isthmuses 0.000 0.000
Average depth of MOD cavities 0.000 0.000

Table 3.Table 3.Table 3.Table 3.Table 3. Comparison of the results of amalgam and composite restorations in
Bravo Group, according to the indicators.

Indicator p-values Amalgam (n=69) p-values Composite (n=9)
Mesiodistal dimension 0.021 0.160
Buccolingual/palatal dimension 0.006 0.510
Average isthmuses 0.000 0.057
Average depth of MOD cavities 0.000 0.013

Table 4.Table 4.Table 4.Table 4.Table 4. Comparison of the results of amalgam and composite restorations in
Charlie Group, according to the indicators.

there was a significant difference in the average of the
isthmuses and the depth averages of the MOD cavities. The
first indicator was significant for the comparison of types:
MOD, proximal occlusal vs. MOD, and proximal occlusal.
The second indicator was significant for the comparison of
types: occlusal vs. MOD and proximal occlusal, as shown in
the table.

Table 6 shows that the four indicators were significant
in the comparison of the different types of amalgam

restorations in the Charlie group. The mesiodistal dimension
was significantly different between the proximal and MOD
restorations. The bucco-linguo-palatal dimension is significant
in the comparison of proximal vs. occlusal classes. The
average of the isthmuses and the average of the depths of
the MOD cavities are significant when comparing MOD,
proximal occlusal vs. MOD, and proximal-occlusal
restorations, as shown in the table. It shows that the significant
indicators relative to different types of resin composite
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Indicator Type of restoration MOD Amalgam Occlusal Amalgam MOD Composite Occlusal Composite
n=141 n=141 n=37 n=37
p p p p

Mesiodistal dimension MOD
Occlusal 0.000 0.523
Proximal 0.000 0.035 0.142

Buccolingual/palatal dimension MOD
Occlusal 0.483 0.471
Proximal 0.474 0.991 0.772 0.741

Average isthmuses MOD
Occlusal 0.000 0.000
Proximal 0.000 0.000 0.000 0.000

Average radiographic depth MOD
of MOD cavities Occlusal 0.000 0.000

Proximal 0.000 0.000 0.883 0.000

Table 5.Table 5.Table 5.Table 5.Table 5.Values of p with Scheffé Test. Comparison of classes among themselves, according to type of restoration (MOD,
proximal and occlusal) and indicators (mesiodistal dimension, buccolingual/palatal dimension, average isthmuses and
average depth of MOD cavities) in bitewing radiographs for Bravo group amalgam and composite restorations.

Indicator Type of restoration MOD Amalgam Occlusal Amalgam Occlusal Composite
n=69 n=69 n=9
p p p

Mesiodistal dimension MOD
Occlusal 0.427

 Proximal 0.034 0.271 0.160
Buccolingual/palatal dimension MOD

Occlusal 0.105
 Proximal 0.997 0.007 0.510
Average Isthmuses MOD

Occlusal 0.000
Proximal 0.000 0.000 0.057

Average depth of MOD cavities MOD
Occlusal 0.000
Proximal 0.000 0.000 0.013

Table 6.Table 6.Table 6.Table 6.Table 6. Values of p with Scheffé Test. Comparison of classes among themselves, according to type of
restoration (MOD, proximal and occlusal) and indicators (mesiodistal dimension, buccolingual/palatal
dimension, average isthmuses and average depth of MOD cavities) in bitewing radiographs for Charlie
group amalgam and composite restorations.

restorations (proximal vs. occlusal) in the Charlie group were:
the average of the isthmuses and the average of the depths
of the MOD cavities. Notice that the comparison of the MOD
restorations could not be performed between the groups with
low n values (n=2).

Discussion

The pre-determined indicators of the mechanical risk
prognosis were chosen from a number of other indicators
that are vaguely described in the literature, as these were
objectively analyzed within a pool of restorations previously
classified as “unsatisfactory” or “failed,” meaning that within
a medium (Bravo) or short (Charlie) period of time, these
restorations required repair or replacement16-21. In addition,
this study design corresponds to descriptions at a specific
time in the long-term life of the restorations (cross-sectional)

and not to a follow-up assessment from the origin of the
restoration22.

In the general comparison of the Bravo and Charlie
groups, without considering type and class, the following
factors were found to be influential indicators: the mesiodistal
dimension, the distal isthmus, the average of the isthmuses,
the depth of the distal cavity, and the average depths of the
MOD cavities. This finding is consistent with the literature,
which states that greater restorations showed increased risk
of mechanical failure due to the loss of tissue resistance23-24.

It was also demonstrated that the behavior of both groups
was similar, with no differences between the Bravo and
Charlie restorations. This means that the magnitude of the
failure determinant of restoration initial or late damage does
not matter because they exhibited similar behavior in terms
of prognosis failure by mechanical risk1. Therefore, a
restoration that presents small mechanical failure, such as
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Bravo restorations, or extensive failure, such as Charlie
restorations, should be replaced or repaired promptly. Any
mechanical failure, regardless of its magnitude, is a
determining factor to carry out the repair or replacement of
restoration. With respect to the cavity dimensions, the effects
of small restoration on the distribution of stress in a tooth
are not significant. However, when the width of the cavity
increases, the stress in the distal third of the cervical portion
increases rapidly, which is harmful to tooth structure and
can easily cause the fracture of the cavity wall. The influence
of the size indicators of the distal isthmus, the average of
the isthmuses, the distal cavity depth and the average of the
depth of the MOD cavities and their relationship with the
prognosis of a restoration could be due to the increase in
the degree of difficulty for the operator to properly perform
a posterior Class II restoration in a distal tooth compared to
the one located in a mesial tooth, likely involving variable
access, visibility or technique. Table 1 indicates that a
restoration with isthmuses greater than 2 mm and distal
cavities greater than 4.5 mm increased the likelihood of
mechanical failure compared to a restoration with smaller
dimensions. The results also suggest that increasing the depth
of one cavity in a MOD restoration is sufficient to influence
the prognosis of the complete restoration.

For the amalgam restorations of the Bravo group, the
significant indicators were the mesiodistal dimension, the
average of the isthmuses, and the MOD cavities depth. In
contrast, for the composite resins from the same group, the
average of the isthmuses and the depths of the MOD cavities
were significant. In the Charlie group, the four relevant
indicators were influential in amalgams, but for resins only
the average of the MOD cavities depth was influential. This
discrepancy could be due to the heterogeneity of the sample
and, therefore, to the low number of posterior composite resin
restorations25-26. A comparison of the types of restorations
(occlusal, proximal and MOD) demonstrated that the only
indicator that was significant for all classes, regardless of group
and type, was the average of the MOD cavities depth, whose
value for 256 restorations was 1.949 mm with a SD of 1.181
mm. This finding agrees with conclusions described in the
literature: changes in the cavity depth also have large effects
on the stress distribution and the loads required to fracture
the tooth (failure of a restoration)27-28. After the deep restoration
of a decayed tooth, the maximum stress increases about five
times and focuses on the cavity angles. The values of the
loads needed to fracture the tooth decrease nearly one-fifth in
relation to non-decayed teeth. In addition, deep cavity
preparations have been linked to the high cuspal deflection,
which predisposes the tooth to fractures10. The evaluation of
indicators in relation to the prognosis of restorations suggests
that for deep MOD carious lesions, a pedagogical protocol
must be established, different from the occlusal approach; an
alternative might be indirect restoration6,15,25.

Furthermore, Class II MOD restorations presented
significant indicators more frequently than occlusal and
proximal restorations. The indicators were as follows: the
average of the isthmuses and the average of the MOD cavities

depth for both amalgam and composite resins in both groups.
This finding is consistent with the literature, which states
that the larger the quantity of restored surfaces and/or
amplitude of the isthmus, the higher the possibility of cusp
fracture1,25.

Based on the obtained results, it may be concluded, in
contrast to the literature, that the size of the restoration,
generally described as “bandwidth,” introduces specific
indicators in performing a critical evaluation of a restoration.
These indicators are the mesiodistal dimension, the size of
the distal isthmus, the average of the isthmuses, and the
average depth of MOD cavities, which must be evaluated in
both models and bitewing radiographs. The depth of the
MOD cavity should be assessed with a radiograph and
complemented by other indicators obtained from the model
(mesiodistal dimension, the size of the distal isthmus and
the average of the isthmuses). The dimensions of these
indicators influence the prognosis of a restoration.

These indicators should be considered a tool to help decide
whether to perform replacement therapy or to repair the affected
tooth, with the same material or a combination29-30.

In conclusion, the type of restoration (proximal and
MOD) is an indicator for the prognosis of mechanical risk
for the sample. The restorative material (amalgam or
composite resin) for the sample type is not an indicator of
the prognosis for mechanical risk. In relation to the design
of the cavity preparation, the indicators of the prognosis for
mechanical risk assessing a restoration are the mesiodistal
dimension, the distal isthmus, the average of the isthmuses,
the distal cavity depth, and the average of the MOD cavities
depths. The most significant indicator of the risk of
mechanical failure is the average of the MOD cavities depth
for composite resins. For amalgam, the most significant
predictors of the risk of mechanical failure are the mesiodistal
dimension, the distal isthmus, the average of the isthmuses,
the depth of the distal cavity, and the average of the MOD
cavities depth. The depth of the MOD cavity is a significant
indicator of the risk of failure for both groups (Bravo and
Charlie) and both types (amalgam and composite resin) of
restorations. Therefore, indirect restorations techniques should
be considered in treating clinical situations that present this
indicator. A single clinical assessment does not provide
sufficient information to establish the indicators for the risk
of mechanical failure of restorations.
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