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Abstract 
Background and Aim: Composite resins can play an important role in dentin support 
and enamel strength via bonding to tooth structure. The purpose of this study was to 
compare the effects of hybrid and microfilled composite restorations on the fracture 
resistance of extensively weakened teeth. 
Materials and Methods: In this case control study, 40 intact maxillary premolars 
were mounted in transparent acrylic resin blocks. The samples were divided into 4
groups (n=10 each). Group PC comprised of intact teeth, without preparation and res-
toration. In other three groups MOD preparations with constant depths and converged 
walls toward occlusal surfaces were prepared. Group NC composed of teeth with 
preparations but without any restoration. Group HR included prepared and restored 
teeth using a hybrid composite and Group MR contained prepared and restored sam-
ples with a microfilled composite. Samples were thermocycled (500 cycles at 5-55°
C), then were placed under compressive loads in a universal testing machine, and the 
curves were drawn with Test Xpert software. 
Results: Mean fracture resistance in HR, MR, PC, and NC groups was 48.1010,
59.1773, 83.1420, and 21.9220, respectively. There was a statistically significant dif-
ference among the groups (P<0.05). 
Conclusion: The increasing effect of microfilled group on the fracture resistance of 
restored teeth is significantly more than that of hybrid group. 
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Introduction 
Healthy teeth rarely break due to pressures caused 
by normal chewing and most cusp fractures occur 
due to extensive caries or weakening by large cavi-
ties [1-2]. Different studies have shown that cavity 
preparation significantly weakens remaining tooth 
structure [2-7]. In this case, a major clinical prob-
lem in large cavities that have lost dentin support is 
cuspal fracture The restorative materials that are 
not able to bond to teeth cannot resolve the prob-
lem. 

Amalgam has good mechanical properties and easy 
placement and removal. It is frequently used for 
posterior restorations because of resistance against 
pressures of chewing [8], but its high modulus of 
elasticity does not allow it to reinforce weakened 
cusps [9]. Furthermore, it needs more extensive 
preparation of healthy enamel and sometimes in-
stalling components which makes teeth more prone 
to fracture. 
Composite resins may play a key role in supporting 
dentin and strengthening enamel through bonding 
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capabilities. Moreover, it allows for the cavities to 
be prepared more conservatively [10]. Most of the 
studies have shown that restored teeth with compo-
site resins are stronger than those restored with 
amalgam [1, 11-14]; however, a few studies have 
reported similar results for strength of amalgam 
and composite [5-6]. 
Schwartz et al believed that composites are effec-
tive for better transmission and distribution of 
functional stresses due to their ability to bond to 
the tooth tissue. They also believed that composites 
are capable of strengthening tissues whereas metal 
intra-coronal restorations may act like a wedge 
between buccal and lingual cusps and increase the 
risk of cuspal fracture. On the other hand, in com-
posite restorations, cuspal deflection is under less 
heavy occlusal load. Therefore, propagation of 
cracks which eventually lead to fracture of tooth 
structure is postponed [15]. 
Wear of new composite materials is close to amal-
gam and incidence of marginal microleakage, dis-
coloration, polymerization shrinkage and postoper-
ative sensitivity is reduced to a large extent [16]. In 
addition, they have a special position in dentistry 
studies due to their strengthening effect on re-
sistance of weakened teeth tissues and large cavi-
ties. Nevertheless, most of the studies have com-
pared amalgam and composite, but no comparative 
investigation has been conducted on the reinforc-
ing effect of two types of composites. Due to dif-
ferent properties of different composites, there may 
be different influences on strength and reinforce-
ment of tooth structure. The aim of this study was 
to compare the effect of microfilled and hybrid 
composite restorations on fracture resistance of 
severely weakened teeth. 
 
Materials and Methods  
In this case-control study, forty healthy human 
maxillary premolar teeth which had no cavities, 
cracks or restorations were included. The teeth 
were collected from patients with 15 to 20 years of 
age due to orthodontic reasons. The time interval 
between tooth extraction and testing was less than 
eight months. After removing, the teeth were main-

tained under tap water at room temperature and 
prevented from drying during the study. The teeth 
were mounted in transparent acrylic resin and then 
divided to four groups. 
The first group comprised of healthy teeth which 
were considered as the positive control (PC) and 
preparation was done in other three groups. In oth-
er three groups of NC (negative control), MR 
(microfilled restoration) and HR (hybrid restora-
tion), MOD cavity preparations were done using 
008 bur (Tizkavan, Iran, Tehran). The depth of 
cavity remained fixed and preparation walls were 
convergent to the occlusal side. Buccolingual 
widths of each preparation in occlusal aspect was 
two-thirds that of intercuspal distance of tooth, 
which reached two-thirds of intercuspal distance 
plus 1.5 mm on two sides on pulp surface tooth 
(0.75 mm on each side). For greater accuracy, tip 
of cusps was checked by a copy paper and this dis-
tance was measured and recorded by a caliper. 
Then, two-thirds of the recorded number was de-
termined as the width of isthmus in occlusal as-
pect, in a way to have the same distance from 
buccal and lingual walls in order for the hole to be 
exactly in the middle of tooth and both cusps be-
come equally weakened. All internal angles were 
rounded and no bevels were made on enamel mar-
gins. 
After the preparation, HR and MR groups were 
restored, but NC group was left unrestored to serve 
as the negative control group.  
After cavity preparation, the teeth were rinsed and 
dried by a gentle air stream. Then, metal matrix 
tape was closed around the tooth so that its edge 
was 1 mm above the occlusal level. All prepared 
enamel surfaces were etched by 37% phosphoric 
acid gel (Ivoclar, Vivadent, Schaan, Liechtenstein) 
for 30 s and then rinsed with water and slowly 
dried.  
SE bound (Kuraray medical Inc, Tokyo, Japan) 
was homogenously placed over the surface accord-
ing to its manufacturer's instructions (20 s use of 
primer and drying with gentle air stream; then, us-
ing resin bond and narrowing it by gentle air flow) 
and was cured by a light curing device for 10 sec. 
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Clearfil AP-X hybrid composite (Kuraray medical 
Inc, Tokyo, Japan) was used for HR group and 
Heliomolar composite (Ivoclar/Vivadent, Schaan, 
Liechtenstein) as a microfilled one was applied for 
MR group in posterior restorations. Restorative 
materials were placed in two separate layers so that 
the thickness of each layer was about 1.5 mm and 
each layer was cured for 40 sec. At the end, they 
were cured from buccal and lingual aspects sides 
for another 40 sec. After 24 h, the samples were 
polished by a polishing bur. Samples were kept 
under tap water during this period. 
All the samples were thermocycled (500 rpm at 5 
and 55°C) and eventually subjected to compressive 
forces using Universal Testing Machine (Zwick/ 
Roell ZO2O). To apply the force, the 4-5 mm (in 
diameter) bars were used proportional to 
intercuspal distance of each tooth. The bar was 
placed vertically on the tooth in order to be only in 
contact with slopes of buccal and lingual cusps, not 
restorative material. Stress-strain curves for each 
tooth was recorded by Test Xpert V10-11 software 
and Fmax was obtained for each sample. The data 
were analyzed by analysis of variance (ANOVA) 
and Tukey test to assess the differences between 
groups in SPSS software. 
 
Results 
Mean of forces required for group fracture, stand-
ard deviation and maximum and minimum re-
sistance in each group are shown in Table 1. Mean 
resistance to fracture was 48.1010, 59.1773, 
83.1420 and 21.9220 in HR, MR, PC and NC 
groups, respectively. There was no significant dif-
ference between the groups (p <0/05). 
NC group, showed the least fracture resistance and 
had no statistically significant difference from 
three other groups (PV<0/05). PC group, i.e. 
showed the highest fracture resistance (PV<0/05). 
MR group, had less resistance than PC group, but 
the difference was not statistically significant. HR 
group, had less resistance than MR group and 
again the difference was not statistically signifi-
cant. However, the difference between PC and HR  
groups was statistically significant (PV<0/05). 

Table 1: Mean of groups' fracture resistance, standard 
deviation and minimum and maximum resistance in each 

group 

 
Discussion 
Ability of restorative composites to maintain and 
strengthen weakened tissues is one of the most im-
portant issues that are discussed in dentistry today. 
This study investigated differences between two 
types of microfilled and hybrid composites to in-
crease strength in weakened teeth against fracture. 
According to the results, tooth restoration with 
microfilled and hybrid composites or hybrid (MR 
and HR groups) increased resistance of teeth 
against fracture (compared with NC group). 
This result was in line with the results of Newman 
and Pisko-Dubienski in 1984, Mc Cullock and 
Smith in 1986 and Bakke in 1985, which showed 
that posterior composite restorations significantly 
increased fracture resistance compared to the 
groups which were not restored [11, 17-18].  
Simonsen in 1986 also found that composite resto-
rations could increase fracture strength of teeth, 
even higher than healthy teeth [14]. 
Liberman and Ausiello showed that use of dentin 
bonding agents and posterior composite could sig-
nificantly increase resistance of the remaining 
walls of cavities compared with amalgam [19-20]. 
Results of most studies in which composite resin 
was compared with amalgam show that composite 
resin can increase fracture resistance of the remain-
ing tooth structure as well as its beauty [21]. How-
ever, Stampalia and Joynt expressed the same frac-
ture resistance for composite resin and amalgam 
[5-6]. 
The difference between results of their study and 

 

Max  
Resistance
(kg force) 

Min resitance
(kg force) SD Mean 

(kg force1)NoGroups

110/60 52/12 19/907483/1420 10PC

51/69 11/16 11/765621/9220 10NC
93/63 18/23 22/977848/1010 10HR

110/28 33/16 23/229959/1773 10MR
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the present one may be attributed to the point that 
they used bulk insertion technique instead of layer-
ing the composite, which may cause cracks in 
composite during polymerization process and re-
duce strength and fracture resistance of the remain-
ing walls or polymerization shrinkage may cause 
cusp movement and reduce fracture resistance 
against occlusal forces. 
In the present study, strength of the teeth in NC 
group was about 26% in healthy teeth, 57% in HR 
group and 71% in MR groups. It can be stated that 
microfilled composites are able to reinforce tooth 
to a relatively high extent. 
Considering elastic modulus of two materials, elas-
tic coefficient of hybrid composite AP-x (16.7 
Gpa) was more like that of dentin (Gpa19) (22-23). 
So, the teeth restored with hybrid composite 
showed higher resistance. This issue was also ap-
proved in studies by Farid and Abdel-Mawla and 
Llie et al. [24-25]. However, the results of this 
study showed that restored teeth with microfilled 
composite of Heliomolar and lower elastic coeffi-
cient (Gpa 6/10) had high resistance to fracture [8]. 
It indicates that, to increase tooth resistance, elastic 
coefficient of restorative material is not the only 
factor to predict outcome; therefore, strengthening 
degree of tooth tissue is multifactorial and other 
factors such as bending coefficient of material, 
flow, etc. are also involved. 
The reason for the observed difference in the ex-
perimental groups of this study can be attributed to 
polymerization process of these materials. Plastic 
deformation occurs as a result of flow in composite 
during polymerization which compensates for the 
pressure from contraction [26]. Considering flexi-
bility of microfilled composite and its more flow 
power for reducing pressures caused by polymeri-
zation shrinkage during gel process, it can be con-
cluded that these composites absorb pressure and 
like a shock absorber decrease transfer of polymer-
ization stress to tooth.  
Hardness of hybrid composites caused it not to 
relieve pressure in itself and impose it onto the 
bond between restoration and tooth; probably, this 
may cause cracks in teeth during polymerization. 

In the study by Bayne, filler reduction in flowable 
composites compared with hybrid groups increased 
flow and decreased elastic modulus and acted as a 
layer for absorbing pressure to release them in the 
material itself rather than the teeth or bond be-
tween restoration and teeth [27]. Rigidity and 
hardness of hybrid composites stopped releasing 
pressure in them and thus entered it onto the bond 
between restoration and tooth; probably, it can 
cause cracks in teeth during polymerization. 
As shown in samples under stereomicroscope, 
some hybrid group samples had a higher number of 
cracks. It seems that percent of microfilled compo-
site contraction was more because of high resin 
content. Nevertheless, according to the company's 
claims, contraction of the two materials was the 
same [23]. This issue seems logical since the 
microfilled composite used in this study was of 
heavy filled type. Therefore, the stress induced by 
contraction was equal in both groups. Thus, flow 
of microfilled group during polymerization process 
could compensate for the contraction caused by 
polymerization and also make plastic deformation 
and pressure release in itself in order to increase 
teeth resistance against fracture compared with the 
hybrid group. 
In this study, the force was static and was different 
from "frequent dynamic forces" which are entered 
into the teeth in the mouth environment. In order to 
generalize these results to clinics, more studies, 
especially clinical ones, with higher number of 
samples and other similar materials are necessary.  
Finally, properties of all types of composite resins 
such as hardness, microleakage, water absorption 
and flexural strength of resistance were evaluated 
against fracture. Other researches on other aspects 
of restoration are necessary for more general re-
sults. 
 
Conclusion 
Considering the limitations of this study, fracture 
resistance of "prepared without restoration" teeth 
was significantly lower than "restored" teeth 
against occlusal forces. Dental restoration by 
microfilled composites could increase dental re-
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sistance as much as healthy teeth. Increase of re-
sistance against fracture in microfilled composite 
restoration was superior to restoration by hybrid 
composite. 
 
References 
1- Jagadish S, Yogesh BG. Fracture resistance of 
teeth with class II silver amalgam, posterior 
composite and glass cement restorations. Oper 
Dent. 1990 Mar-Apr; 15(2):42-7. 
2- Mondelli J, Steagall L, Ishikiriama A, de Li-
ma Navarro MF, Soares FB. Fracture strength of 
human teeth with cavity preparations. J Prosthet 
Dent. 1980 Apr; 43(2):419-22.  
3- Eakle WS. Fracture resistance of teeth re-
stored with class II bonded resin composite. J 
Dent Res. 1986 Feb;65(2):149-53. 
4- Grimaldi JR, Hood JA. Lateral deformation of 
the tooth crown under axial cuspal loading. J 
Dent Res. 1973 Mar; 52(3):581-85. 
5- Joynt RB, Wieczkowski G, Klockowski R, 
Davis  EL. Effects of composite restorations on 
resistance to cuspal fracture in posterior teeth. J 
Prosthet Dent. 1987 Apr; 57(4):431-5. 
6- Stampalia LL, Nicholls JI, Brudvik JS, Jones 
DW. Fracture resistance of teeth with resin - 
bonded restorations. J Prosthet Dent. 1986 Jun; 
55(6):694-8. 
7- Molinaro JD, Diefenderfer KE, Strother JM. 
The Influence of a packable resin composite, 
conventional resin composite and amalgam on 
molar cuspal stiffness. Oper Dent. 2002 Sep-
Oct; 27(5):516-24. 
8- Roberson TM, Heymann HO, Swift EJ. Art 
and science of operative dentistry. 5th ed. USA: 
The C.V Mosby Co; 2006, 807-842. 
9- Dias de Souza GM, Pereiva GDS, Dias GTS, 
Paulillo LAMS. Fracture resistance of teeth re-
stored with the bonded amalgam technique. Oper 
Dent. 2001 Sep-Oct; 26(5):511-5. 
10- Purk JH, Eick JD, DeScheppre EJ, Chappell 
RP, Tira DE. Fracture strength of class 1 versus 
class II restored premolars tested at the marginal 
ridge.I. Standard preparations. Quintessence Int. 
1990 Aug; 21(7):545-51. 

11- Bakke JC, Duke ES, Norling BK, Windler S, 
Mayhew RB. Fracture strength of class II prepa-
rations with a posterior composite. J Dent Res. 
1985 Mar; 64 (1 Suppl):350. 
12- Summitt JB, Robbins JW, Hilton TJ, 
Schwartz RS. Fundamental of operative dentis-
try. A contemporary approach. 10th ed, Chicago: 
Quintessence Co; 2001, Chap. 11: 340-393.  
13- Share J, Mishell Y, Nathanson DJ. Effect of 
restorative material on resistance to fracture of 
tooth structure invitro. J Dent Res. 1982 Mar; 61 
(1 Suppl):74 247 (abstr NO. 622). 
14- Simonsen RJ, Barouch E, Gelb MN. Re-
sistance to cusp fracture in class II Prepared and 
restored premolars. J Prosthet Dent. 1986 Feb; 
55(2):184-5. 
15- Van Meerbeck B, Van Landuyt K, De 
Munck J, Inoue S, Yoshida Y, Perdigao J, 
Lambrechts P, Peumans M. Bonding to enamel 
and dentin. In: Summitt JB, Robbins JW, Hilton 
TJ, Schwartz RS. Fundamentals of operative 
dentistry: A contemporary approach. 3rd ed. Chi-
cago: Quintessence Co; 2006, Chap 8:183-260. 
16- Bagley A, Wakefield CW, Robbins JW. In 
vitro comparision of filled and unfilled universal 
bonding agent of amalgam to dentin. Oper Dent. 
1994 May-Jun; 19(3):97-101. 
17- Mc Cullock AJ, Smith BGN. In vitro studies 
of cuspal movemnent produced by adhesive re-
storative materials. Br Dent J. 1986 Dec; 161 
(11):405-9. 
18- Newman SM, Pisko Dubienski R. Effect of 
compsite restorations on strength of posterior 
teeth. J Dent Res. 1984 Apr; 63(4):522-28. 
19- Ausiello P, De Gee AJ, Rengo S, Davidson 
CL. Fracture resistance of endodonticlly - treated 
premolars adhesively restored. Am J Dent. 1997 
Oct;10(5):237- 41. 
20-Liberman R, Ben Amar A, Gontar G, Hirsh 
A. Effect of posterior composite restorations on 
the resistance of cavity walls to vertically ap-
plied occlusal loads. J Oral Rehabil. 1990 Jan; 
17(1):99-105. 
21-Shi L, Wang X, Zhao Q, Zhang Y, Zhang L, 
Ren Y, Chen Z. Evaluation of packable and con-



Journal of Islamic Dental Association of IRAN (JIDAI) Winter 2012 ;24, (4) Rezvani et. al 

 Jan 2012; Vol. 24, No. 4 266

ventional hybrid resin composites in Class I res-
torations: Three-year results of a randomized, 
double-blind and controlled clinical trial. Oper 
Dent. 2010 Jan-Feb;35(1):11-9. 
22-Craig RG. Restroative dental material. 11th 
ed. St. Louis: The C.V Mosby Co; 2002, 189-
212. 
23-Shortall AC, Uctasli S, Marquis PM. Fracture 
resistance of anterior, posterior and universal 
light activated composite restoratives. Oper 
Dent. 2001 Jan-Feb;26(1):87-96. 
24-Farid MR, Abdel-Mawla EA. Fracture re-
sistance of repaired Cl II composite resin resto-
rations. Egypt Dent J. 1995 Oct;41(4):1507-12. 
25-Ilie N, Hickel R, Valceanu AS, Huth KC. 
Fracture toughness of dental restorative materi-
als. Clin Oral Investig. 2012Apr; 16(2):489-98. 
26-Davidson CL, De Gee AJ. Relaxation of 
polymerization contraction Stresses by flow in 
dental composites. J Dent Res. 1984 Feb; 63(2): 
146-8. 
27-Bayne SC, Thompson JY, Swift EJ Jr, 
Stamatiades P, Wilkerson M. A characterization 
of first–generation flowable composite. J Am 
Dent Ass. 1998 May;129(5):567-77. 
 


