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Background and Objectives: Composite resins have heralded a new era in 

restorative dentistry. Although clinicians have been using resin based 

composites successfully to restore posterior teeth in class II situations for 

several years, creating a functional, anatomical proximal contact remains a 

clinical challenge. Therefore, this in-vitro study evaluates the effects of 

restorative technique, bevel and thermal cycling on the fracture resistance of 

newer generation composite resin MOD restorations.  

Materials and Method: The selected specimen teeth (forty four premolars) 

were randomly sampled into eight teeth in four experimental groups and six 

teeth in two control groups with one group of intact teeth and other group 

with prepared cavity but no restoration. The experimental groups included 

two groups of direct composite restoration and another two groups of indirect 

composite restoration, with and without bevel preparations. These specimens 

were subjected to fracture strength study under compression and statistically 

analyzed using Kruskal Wallis Test and Mann–Whitney “U” Test.  

Results: The mean compressive load required to fracture the specimens was 

maximum in Group I (389.2 N) and minimum in Group III (163.7 N). Group 

comparison showed that there was no significant difference among the 

groups for the load values whereas there was significant difference among 

the groups for the deformation values. Inter-comparison among the groups 

was done. For the load values, Group I showed high significance when 

compared to Group III, and Group II showed significant difference when 

compared to Group VI. For the deformation values, Group I showed 

significant difference when compared to Group III, Group II showed 

significant difference when compared to Group III, Group II showed 

significant difference when compared to Group VI and Group III showed 

significant difference when compared to Group VI.  

Interpretation and Conclusion: Within the limitations of this in-vitro 

study, inlay cavity preparations resulted in higher removal of tooth structure 

compared to direct composite probably due to the proximal flare required to 

remove the undercut in indirect restorations. Fracture strength was inversely 

proportional to the amount of the tooth structure removed. Direct composite 

preparations had higher resistance to occlusal load fracture than indirect 

restorations.  

 
                   Copy Right, IJAR, 2016,. All rights reserved.
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Introduction:-  
Composite restorative resins have been made available to the dental profession for over two decades. Initially, these 

materials were thought to be suitable for use in both anterior and posterior teeth. However, it was soon realized that 

certain characteristics of the resin systems available at that time were not satisfactory for load bearing situations and 

in particular for Class II restorations. More recently, composites have been developed specifically for use in 

posterior teeth and worldwide clinical trials have demonstrated satisfactory performance of these materials for over 

five years. 

 

Although posterior composite restorations have increased in popularity and have been well accepted by patients 

esthetically, these materials have their limitations. However, improved materials, accessory products and techniques 

have helped to maximize their potential. The typical intracoronal cavity preparation especially in maxillary 

premolars, exaggerates the heights of the cusps. Weakened or unsupported cusps are subjected to stresses which 

tend to deflect or fracture them at bucco-pulpal or linguo-pulpal line angles.  

 

Posterior composite resin restorations have recently been introduced as inlay/onlay systems. The recent 

developments of visible light curing systems have significantly improved the wear resistance and compressive 

strength of these materials. The aim of additional extraoral cure of inlay/onlay is: 

1. To improve the mechanical properties through a decrease in the remaining double bonds. 

2. To decrease the gap formation. 

 

The composite inlay/onlay is a versatile restorative technique for esthetic restoration of posterior teeth, especially 

the maxillary first premolars. Among many advantages, related to the technique are the improved contour, better 

marginal adaptation, and absence of the restoration contraction. Apart from questions related to shrinkage of luted 

inlay, contraction of certain inlay types is essentially complete when the post-cure cycle is completed, in contrast to 

direct placement types where contraction may continue for some time after light curing. 

 

Although there is an established need for non-metallic restorations it would appear that composite restorations or 

other systems which overcome certain limitations would be of value in certain clinical situations. One such system is 

the composite inlay, which has been defined as follows.  

 

“A composite inlay is a restoration which is cemented into a cavity as a solid mass that has been fabricated from 

composite resin with a form established either by an indirect or direct procedure”. 

 

The introduction of glass ionomer cement as universal luting agent with the composite systems has added a new 

dimension to the utilization of inlay and onlay systems in routine conservative clinical practice.  

 

The purpose of the present study is to compare the fracture resistance of Class II MOD restorations with the 

influence of restorative technique and bevel preparations restored with composite inlays and onlays under 

compression load in the Instron machine. 

 

Materials and method:- 
This study was conducted at the Department of Conservative Dentistry and Endodontics, A.J Institute of Dental 

Sciences, Mangalore and Department of Metallurgy, Composite Technology Park, Bangalore. 

 

Forty-four freshly extracted non-carious human premolars extracted for the orthodontic purposes in the age group of 

seventeen to twenty-five years were collected from the Department of Oral and Maxillofacial Surgery, A.J Institute 

of Dental Sciences, and other private clinics in and around Mangalore following the protocol meant for infection 

control. Those meant for bond strength studies were stored in normal saline solution for a minimum period of 

seventy-two hours at room temperature before being evaluated for use in this study. After cleaning the teeth of all 

calculus and surface debris the teeth were examined by trans-illumination to rule out any cracks or defects in them. 

The selected specimens were used within a month of extraction and storage. 
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TABLE I 

Study materials:- 

       

PRODUCT 

 

TYPE 

 

MANUFACTURER 

 

Etchant  

 

37% Phosphoric acid 

 

 

Adper Single Bond 

 

Fifth generation bonding system  
 

3M ESPE 

 

Filtek Z 350 

 

Nanocomposites  
 

3M ESPE 

 

Ketac Cem 

 

Type I luting cement  

 

 

Curing light LED 

 

Light curing Unit 

 

 

Metal Mould 

 

 

 

 

Instron machine 

 

Universal testing machine 
-- 

 

Acrylic jig 

 

Used to hold the teeth 
- 
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TABLE II 

   

 

 

 

 
 

 

 

 

 

 

Preparation and grouping of the specimens:- 
The specimens were embedded up to the cemento-enamel junction, 3mm above the surface of the acrylic resin 

cylinder made using a hollow cylindrical metallic rod of height 1 inch and diameter 1.5 inch. Each tooth was 

positioned in the block so that the lingual and buccal cusp tips were in horizontal plane parallel to the base of the 

mount. 

 

Standardized Class II cavity preparations (MOD) were prepared using No.271 carbide bur with a high speed aerotor 

handpiece under air/water spray in all teeth, except the teeth in Group V (intact teeth) which is a positive control 

group. Standard preparatory widths were done according to the following specification. 

Forty four freshly extracted human premolars disinfected, stored and surfaced as per CDC protocol global 

Random sampling of 8 teeth in experimental group and 6 teeth in control group 

Standardized Class II (MOD) cavities were prepared in all teeth except in Group V (intact teeth) 

Experimental groups  Control groups 

Group II 

Direct 

composite 

with bevel 

Group III 

Indirect 

composite 

without bevel 

Group IV 

Indirect 

composite 

with bevel 

Group V 

Intact 

teeth 

Prepared teeth without 

the restoration 

37% phosphoric acid used to etch the prepared cavities 

     Application of Adper single bond 2 system 

Group I 

Direct 

composite 

without bevel 

The teeth restored with Filtek Z 350 for each group and indirect restorations luted 

with Fuji type I cement. 

The specimens were stored and then transferred to the Instron Machine for fracture strength study  

        INVESTIGATION DESIGN 

Fractured specimens were examined under stereomicroscope using 40x magnification 

Results statistically analyzed using ANOVA and TUKEY‟S test 
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For this study, a cavity width of approximately one-third of the intercuspal distance was chosen for the occlusal 

portion of the preparation and one-third of the total faciolingual dimension was used to determine the width of the 

proximal boxes. All line angles and point angles were rounded. The occlusal portions of all specimens were 

prepared to a depth of 2mm. The axial wall in the proximal box was prepared to a depth of 2mm at the contact area. 

The specimens were randomly divided into 6 groups, with eight specimens in each experimental group and six 

specimens each in the control groups labelled with coloured adhesive tapes for identification.  

 

 

 

 

GROUPS 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Group I Direct composite restoration without bevel with the application of 

Adper single bond and Filtek Z 350 

Group II Direct composite restoration with bevel with the application of Adper 

single bond and Filtek Z 350 

Group III Indirect composite restoration without bevel with the application of 

Adper single bond and Filtek Z 350 

Group IV Indirect composite restoration with bevel with the application of 

Adper single bond and Filtek Z 350 

Group V  INTACT TEETH 

Group VI  Prepared teeth without restoration 

 

Group i Experimental group 

Group ii Experimental group 

Group iii Experimental group 

Group iv Experimental group 

Group v  Positive control group 

Group vi Negative control group 

   

 

 

 

 

 

TOOTH PREPARATION FOR 

DIRECT COMPOSITE  

  Facial  Proximal 

 Groove 

Lingual Proximal  

Groove 

TOOTH PREPARATION FOR 

INDIRECT COMPOSITE  
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GROUP I -Direct Composite 

Restoration without bevel 

GROUP II -Direct Composite 

Restoration with bevel 

GROUP III -Indirect Composite 

Restoration without bevel 

GROUP IV -Indirect Composite 

Restoration with bevel 

GROUP VI –Prepared teeth 

without restoration 

GROUP V – Intact teeth 
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Results :- 
1. The mean compressive load required to fracture the specimens was maximum in Group I (389.2 N) and 

minimum in Group III (163.7 N). 

2. Group comparison was done using Kruskal Wallis Test for the load and deformation. Results showed that there 

was no significant difference among the groups for the load values whereas there was significant difference 

among the groups for the deformation values. 

3. Inter-comparison among the groups was done using Mann–Whitney „U‟ Test. For the load values, Group I 

showed high significance when compared to Group III, and Group II showed significance when compared to 

Group VI. For the deformation values, Group I showed significance when compared to Group III, Group II 

showed significance when compared to Group III, Group II showed significance when compared to Group VI 

and Group III showed significance when compared to Group VI. 

 

TABLE I – Represents the compressive load in MegaPascal required to fracture all the forty four specimens.  

               - Represents the deformation at the maximum load in mm.  

TABLE II – Indicates the mean and standard deviation of the compressive load and deformation at the maximum 

load using Kruskal Wallis Test. 

TABLE III – Indicates the Inter-comparison among all the groups using Mann-Whitney „U‟ Test.    

 
TABLE- I (Represents the compressive load in MegaPascal required to fracture all the forty four specimens and 

represents the deformation at the maximum load in mm.) 

COMPRESSIVE LOAD REQUIRED TO FRACTURE THE SPECIMENS IN MEGAPASCAL AND 

DEFORMATION AT THE MAXIMUM LOAD IN mm 

GROUP I  

Direct composite without bevel  
GROUP III  

Indirect composite without bevel 

 LOAD (MPa) DEFORMATION(mm)  LOAD(MPa) DEFORMATION(mm) 

1 4166 1.187 1 1895 1.498 

2 4239 1.314 2 892.7 0.357 

3 4441 2.653 3 1386 0.270 

4 4892 3.065 4 1408 0.637 

5 2307 1.115 5 1535 0.491 

6 1976 1.029 6 1959 0.836 

7 2120 0.994 7 673.6 0.499 

8 768 0.281 8 729.3 0.287 

GROUP II 

Direct composite with bevel  
GROUP IV  

Indirect composite with bevel 

 LOAD (MPa) DEFORMATION(mm)  LOAD (MPa) DEFORMATION(mm) 

1 3078 1.431 1 1332 0.639 

2 3831 1.087 2 2447 0.927 

3 5000 1.548 3 1456 0.935 

 

4 

2784 1.450 4 7070 3.453 

5 3076 1.061 5 970.9 0.530 

6 1204 0.632 6 1784 0.312 

7 1513 0.670 7 1505 1.006 

8 2211 1.147 8 1276 1.254 

GROUP V- Positive control   GROUP VI- Negative control 

 LOAD(MPa) DEFORMATION(mm)  LOAD (MPa) DEFORMATION(mm) 

1 998.5 0.6232 1 1189 0.4946 

2 1647 0.4648 2 1498 0.5169 

3 1773 1.1210 3 1417 0.5884 
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TABLE- II 

DEFORMATION AT THE MAXIUMUM LOAD                                                                               

 

GROUPS  

 

N 

 

MEAN 

 

STANDARD DEVIATION 

 

MINIMUM  

 

MAXIMUM 

1.00 8 1.4547 0.92637 0.28 3.07 

2.00 8 1.1283 0.34515 0.63 1.55 

3.00 8 0.6097 0.40526 0.27 1.50 

4.00 8 1.1321 0.98389 0.31 3.45 

5.00 3 0.7363 0.34242 0.46 1.12 

6.00 3 0.5333 0.04900 0.49 0.59 

H= 11.943, p = 0.036 Significant   H = Kruskal Wallis test     P = Probability 

 
   

TABLE - III(Inter-comparison among all the groups using Mann-Whitney „U‟ Test).    

RESULTS COMPARISON 

 

              Load         Deformation 

Comparison 

  
Z P Z P 

G1 Vs G2 0.315 0.753 0.12 0.834 

G1 Vs G3 0.2731 0.006 (Hs) 0.216 0.036 (s) 

G1 Vs G4 0.147 0.141 0.126 0.208 

G1 Vs G5 0.1837 0.066 0.1225 0.221 

G1 Vs G6 0.1837 0.066 0.1837 0.066 

G2 Vs G3 0.2521 0.012 (s) 0.2310 0.021 (s) 

G2 Vs G4 0.1575 0.115 0.1260 0.208 

G2 Vs G5 0.1633 0.102 0.1633 0.102 

G2 Vs G6 0.2041 0.041 (s) 0.2449 0.014 (s) 

G3 Vs G4 0.945 0.345 0.1785 0.074 

G3 Vs G5 0.612 0.540 0.612 0.540 

G3 Vs G6 0.204 0.838  0.408 0.683  

G4 Vs G5 0.204 0.838 0.612 0.540 

G4 Vs G6 0.816 0.414 0.1633 0.102 

 

 

Z = Mann Whitney U test 

P = Probabiltiy 

NS = P > 0.05 = Not Significant 

S =P < 0.05 = Significant  

HS = P < 0.01 = Highly Significant 

VHS = P < 0.001 = Very Highly Significant 
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BAR CHART SHOWING COMPARISON OF MEAN COMPRESSIVE LOAD (MPa) OF DIFFERENT 

GROUPS 

 

 
BAR CHART SHOWING COMPARISON OF MEAN EXTENSION (mm) OF DIFFERENT GROUPS 

 
Discussion:- 
Over the last few decades, the development of new adhesive materials and advances in restorative techniques and 

adhesive dentistry have made possible reinforcement of weakened remaining tooth structure. From Buonocore‟s 

acid etch technique in 1950s, to the present self-etching primers, the development in adhesive dentistry have come a 

long way in not only creating superior posterior esthetic composite restorations but also with minimum chairside 

clinical time. 
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The need for an alternative to amalgam due to the growing demand not only for the more esthetic restorations but, 

also to protect the existing tooth structure are responsible for the fast and continuous development of new 

composites and adhesive systems. Until the last decade, the American Dental Association had not recognized 

posterior composite restoration as a standard treatment modality. However, with the development of newer 

generation of bonding systems and improved composites and the clinical procedures the general dentists as well as 

academicians today consider posterior composite restorations as a standard procedure. 

 

Composites are basically technique sensitive materials and require a certain and definitive protocol not only during 

preparation of tooth to receive the composite restoration but also follow the total isolation technique with proper 

instruments and instrumentation technique for an ultimate well finished gap-free posterior composite restoration. 

 

All clinicians who do direct posterior composite restorations are commonly encountered with the problem of 

polymerization shrinkage that can result in marginal defect or cuspal flexion producing postoperative sensitivity. All 

of the composites shrink due to its own polymerization shrinkage. Clinicians over the years have attempted many 

techniques to reduce the contraction stress in the interface using layer/multiple increment technique or ceramic–

insert technique. None of these methods have completely solved the problem, and all are technique sensitive. 

 

An alternative for the polymerization shrinkage that occurs during the setting of composites, is the use of indirect 

method on a removable die. By this indirect technique, to a certain extent polymerization shrinkage that occurs will 

be on the removable die. Hence, the clinicians thought of an alternative „indirect-inlay technique‟ by cementing the 

restoration which is fabricated on the removable die on to the prepared tooth which is cemented with a luting cement 

like glass ionomer cement. 

 
An indirect technique with composites in the posterior teeth has several advantages including the reproduction of the 

lost original tooth tissue. One has enough time to sculpture MOD inlay on the removable die, proximal contact and 

contours including gingival finish line that can be reproduced in a much better way. In the indirect technique, a lot 

of chairside time is saved and the composite can be cured in a better manner on a removable die than directly in the 

patient‟s mouth. 

 

Murillo Baena Lopes et al. (2006)
11

 evaluated the bond strength of indirect and direct composite restoration and 

concluded that the indirect technique with a combination of factors may be improved during polymerization. In the 

present study, apart from the evaluation of composite system and composite bonding system on the fracture 

resistance the investigators went into an additional factor with both direct and indirect restorations with and without 

bevel only on the cavosurface. The effect of adhesive restorations on large MOD cavities in increasing fracture 

resistance has been extensively studied. However in the study, the investigators went in for standardized class II 

MOD cavities with a conservative outlook. 

 

Coelho-de-Souza F H et al (2008)
3
 studied the fracture resistance of MOD restorations and influence of bevel on the 

ultimate fracture resistance. They demonstrated that a bevel placed around the cavosurface margin of a direct and 

indirect restoration had higher fracture resistance when compared to the same restorations without bevel placement.  

 

The results of the present study did not agree with the study of Coelho FH (2008)
3
  and others

11,15
 who demonstrated 

that bevelled restorations generally provide better fracture resistance. The results of the present study indicated that 

the Group I (direct composite without bevel) fractured to the highest load level and amongst the experimental 

groups, Group III (indirect composite was placed without bevel) had the least fracture resistance. In the present 

study, lower fracture resistance was observed for all indirect cavity preparations.  

 

Mondelli J et al (2007)
9
 compared the load-to-fracture resistance of sound human maxillary premolars with different 

cavity widths proving that the removal of tooth tissue significantly affects the load fracture resistance of the teeth. 

Additional removal of tooth structure is expected in proximal cavities while eliminating undercuts to allow the 

correct path of insertion of the indirect restoration. This will simultaneously result in a change in the cavity design. 

 

The results of the previous study by FH Coelho (2008)
3
 and others

11,15 
are somewhat contradicting to those of the 

present study.  The findings of the present study are consistent with the observations made by Jose Mondelli et al 

(2007)
9
 and Mondelli J.et al (1980)

40
. Jose Mondelli et al (2007)

9
 observed in their study the lower fracture strength 

for all indirect restorations.  
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Mondelli J (1980)
40

 compared the load to fracture of sound human maxillary premolars with different cavity widths 

proving that the removal of tooth tissue significantly affects the load to fracture resistance of tooth. Later studies by 

Miller B J et al (1992)
33

 have also demonstrated this. 

 

Methodological differences may impair reliable comparison of inlay cavity preparations that would result in higher 

removal of tooth structure. Compared to direct composite cavities, fracture resistance is inversely proportional to the 

amount of the tooth structure removed and hence, direct composite restorations in the present study without bevel 

had a higher fracture resistance to the occlusal load level than indirect restoration without bevel. 

 

Maria Jacinta et al (2005)
15

 studied the fracture resistance of maxillary premolars restored with direct and indirect 

resin techniques and concluded that cavity preparation significantly weakens the remaining tooth structure, while the 

direct and indirect intracoronal adhesive restorations can partly restore the fracture resistance of teeth weakened by 

cavity preparation. 

 

In the present study, the fracture resistance of Group VI (the teeth were prepared and not restored) was 

comparatively lower than that of Group V (intact teeth). These findings are consistent with the several other basic 

researches including those of  Mondelli J
40

, Blaser PK
39

 and others. Several researchers have demonstrated in 

literature that decreased fracture resistance occurs when the cavity preparations are prepared and this is in agreement 

with the results of the present study as well. 

 

Routinely, for all posterior restorations a bevel is placed only when the restoration is stronger than the tooth 

structure. However, in case of posterior composites, clinicians applied bevel on the cavosurface in order to produce 

long lasting adhesive interface, and based on the observations of the work of Coelho FH (2008)
3
 and others

11,15 

bevelled restorations generally established better fracture resistance and less gap formation initially.  

 

Regarding the type of fracture observed in all groups, palatal cusps fractures were more frequent than the buccal 

cusps fracture. However, other researchers have observed that the most of the fractures occurred in the non-

functional cusp of maxillary premolars. The fractured specimens were examined under magnification (40x) using 

stereomicroscope to evaluate the failure pattern as follows: cohesive fracture of the tooth, adhesive fracture at the 

interface, cohesive fracture of the restorative material, and complete fracture of the specimens involving the two 

cusps and the restorative material.  

 

The results of the present study did not agree with the observations made by Coelho FH (2008)
3
 and others

11,15
. The 

present study demonstrated that direct composite placed without bevel fractured to a higher load level than the bevel 

which was placed in Group II. However, there was no statistically significant difference in the intergroup 

comparison. In Group III, where the indirect composite was placed without bevel, the mean composite load required 

to fracture was minimum, and inter-comparison among the groups was done with Mann-Whitney „U‟ Test. For the 

load values, Group I showed high significance to Group III, and Group II, showed significance compared to Group 

VI.  

 

In Group IV, where indirect composite was placed with bevel fractured to a higher load level than in Group III, and 

as compared to the values obtained in Group II, where direct composite was placed without bevel.  

 

In conclusion, inlay cavity preparations resulted in higher removal of tooth structure compared to direct composite 

probably due to the proximal flare required to remove the undercut in indirect restorations. Fracture strength was 

inversely proportional to the amount of the tooth structure removed. Direct composite preparations had higher 

resistance to occlusal load fracture than indirect restorations.  

Within the limitations of this study, 

a) Use of bevel resulted in improved fracture resistance and marginal adaptation, reducing the impact of the 

long-term storage on restoration quality,  

b) Long-term storage had a significant effect on restoration quality in almost all of the conditions tested, 

c) In most of the conditions tested, indirect restoration presented similar results when compared to direct 

restorations, except for fracture resistance after six months.   
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Summary:- 
An in-vitro experimental study was formulated to compare the fracture resistance of class II MOD restorations with 

the influence of restorative technique and bevel preparation. 

 

Forty-four freshly extracted premolar teeth following orthodontic extractions were randomly assigned into four 

experimental groups (eight teeth) and two control groups (six teeth). Groups I, II, III and IV formed the 

experimental groups, and Group V and VI formed the positive and negative control groups for this in-vitro study, 

respectively. All the selected teeth were mounted in an autoploymerizing resin in a metal ring. Standardized class II 

MOD cavities were prepared on all the specimens, except the specimens in Group V (intact teeth). In Group I, the 

specimens included direct composite restoration without bevel preparation; Group II, the specimens included direct 

composite restoration with bevel preparation; Group III specimens included indirect composite restorations without 

bevel preparation and Group IV specimens included indirect composite restorations with bevel preparations; 

specimens in Group VI were not restored with any restorative material and served as the negative control for the 

present investigation. Common bonding system Adper Single Bond 2 and common composite material Filtek Z350 

was used for all the specimens of the experimental groups. Indirect restorations were luted with Fuji Type I cement. 

 

The forty-four specimens were stored under moist conditions for 24 to 48 hours. The teeth were then given a thermal 

cycling treatment which comprised of 25 cycles between 5°C and 57 °C, with a dwell time of 30 seconds. The teeth 

were then subjected to a compressive load in an Instron machine which is a bench model for universal testing 

machine. 

 

Conclusion:- 
The present in-vitro investigation evaluated the effects of restorative technique, bevel and thermal cycling on the 

fracture resistance of newer generation composite resin MOD restorations. 

1. Group I (direct composite without bevel) fractured at the highest mean compressive load, while Group III 

(indirect composite with bevel) recorded the lowest value. 

2. The ranking of resistance to fracture among experimental groups showed that Group I recorded higher mean 

compressive load value than that of Group II, followed by Group IV and Group III. 

3. Statistical analysis using Kruskal Wallis Test was done for the group comparison for the load and deformation. 

Results showed that there was no significant difference among the groups for the load values whereas there was 

significant difference among the groups for the deformation values. 

4. Inter-comparison among the groups was done using Mann–Whitney „U‟ Test. For the load values, Group I 

showed high significance when compared to Group III and Group II showed significance when compared to 

Group VI. For the deformation values, Group I showed significance when compared to Group III, Group II 

showed significance when compared to Group III, Group II showed significance when compared to Group VI, 

and Group III showed significance when compared to Group VI. 
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