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ABSTRACT
Aim: estimate flexural strength of strengthened denture base resin by different 

concentrations of Zirconium oxide nanoparticles (Zro2 Nps), Aluminum oxide 
nanoparticles (Al2o3 Nps) and Titanium oxide nanoparticles (Tio2 Nps).  Subjects and 
methods: fifty sample were got ready to experimentation  of flexural strength together 
with dimensions 65 length  x 10 width  x 2.5mm thickness and then these samples were 
split into 4 series (A, B, C, D) and these groups then partitioned to 3 sub collections  
(1, 2, and 3) of 5 specimens for each group according to the ratio of Zro2Nps, Al2o3 
Nps and Tio2 Nps which were (1%, 2% and 3%) for each type of nanoparticles that 
were added to heat-cured Poly methyl methacrylate (PMMA). Results: Regardless 
to metal oxide type, totally the highest mean value was recorded for control group 
(77.96 MPa). The difference between groups was statistically significant as indicated 
by ANOVA test (p=<0.0001<0.05) for flexural strength. Conclusions: It was found that 
there is slight decreasing in transverse strength of PMMA for all concentrations added 
of Zro2Nps, Al2o3 Nps and Tio2 Nps when compared to control group.

INTRODUCTION 

Poly methyl methacrylate (PMMA) is acrylic resin usually choose 
as a denture base substance because its minimum price, perfect 
adaptability, facility of implementation, and usage in complete denture, 
overdenture and orthodontic devices.(1) 

Clinically progressing the  physical and mechanical characteristic 
of PMMA may be beneficial in marks which masticatory forces are 
comparatively high, such as distal extensions counteract naturalistic 
dentition, single complete dentures, overlay denture and hybrid 
prothesis .(2) This demand is highly serious, particularly in old patients, 
to remove conditions such as denture fracture. Furthermore, improving 
the mechanical and physical features of PMMA may assist old patients, 
who may be damage or have obstacle adjusting to  a newly prosthesis, 
raise the durability of their denture.(3) 
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Different techniques had been applied to raise 
the intensity of acrylic denture base and minimize 
the danger of prosthesis break .(4)               

In dental medicine, alchemical manufacture 
study these days are centering in  adding of nanopar-
ticles like as titanium dioxide (TiO2), silicon diox-
ide (Sio2), aluminum oxide(Al2o3) and zirconium 
dioxide (ZrO2), into an acrylic resins to manufac-
ture modern matters which have the similar me-
chanical characteristics for the nano-oxide particles, 
however with the elasticity of the polymer matrix.(5)

To produce denture resin matter with enhance 
intensity a ceramic filler such as ZrO2 will be com-
bined in acrylic polymer of PMMA. It is a compat-
ible matter which had peak - break opposition and 
added up to acrylic resin and another dental poly-
mers, restorative and ceramic substances to enhance 
the fracture stiffness.(6) 

TiO2 NPs had graded their road in dental 
medicine depend on its premium conveniently 
characteristics and were used to a diversity of resin 
and polymers to progress their features.(7)   

MATERIALS AND METHODS

In overall, fifty samples were made for flexural 
strength experiment, with measurement 65 
longitude  x 10 width  x 2.5mm thickness, were 
split into 4 groups (A, B, C, D) and these groups 
further subdivided into three subgroups (1, 2, and 3) 
of 5 specimens for each group (Fig. 1) according to 
the ratio of Zro2Nps, Al2o3 Nps and Tio2 Nps that 
were added to heat-cured

PMMA as follows: 

I-  Group A: control (PMMA without additive), 

II-  Group B: group B1(PMMA with 1 %Zro2 Nps),   
group B2(PMMA with 2%Zro2 Nps), group   
B3(PMMA with 3%Zro2 Nps).

III- Group C: groupC1(PMMA with 1% Al2o3 
Nps), groupC2(PMMA with 2% Al2o3 Nps), 
groupC3(PMMA with 3% Al2o3 Nps). 

IV- Group D: group D1(PMMA with 1%Tio2 Nps), 
group D2(PMMA with 2% Tio2 Nps), group 
D3(PMMA with 3% Tio2 Nps).

Fig. (1)  (1) control, (2) 1% Zro2 Nps, (3) 2% Zro2 Nps,  
(4) 3% Zro2 Nps,(5) 1% Al2o3 Nps, (6) 2% Al2o3 
Nps, (7) 3% Al2o3 Nps, (8) 1% Tio2 Nps, (9) 2% Tio2 
Nps, (10) 3% Tio2 Nps.

These concentrations were combined into 
heat-cure acrylic resin and cured according 
to manufacturer’s instructions (2.5:1 Powder/
monomer ratio, conventional packing method and 
water bath curing) to fabricate test specimens of 
PMMA.       

All samples were singly mounted on a computer-
controlled   material testing machine (Fig.2).        

Every sample placed on the bending fixture 
which constructs of 2 equivalent upholding (50) mm 
apart, the full scale was50kg, and the loading was 
enforced with towards top rapidity of one millimeter 
per minute by a bar positioned medianally among 
supports making deflection until fracture occur, 
the ultimate loading prior break was gauged, the 
outcomes registered through the 3  dot  bending test.

All information was statistically resolved 
through One-way ANOVA, Tukey post hoc tests.
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Fig. (2)  Mounting the sample on testing machine (Instron)

RESULTS

It is found that the highest mean value was 
recorded for control group 77.96 MPa regarding 
flexural strength as shown in table (1). The difference 
between groups was statistically significant as 
indicated by ANOVA test (p=<0.0001<0.05) for 
flexural strength as shown in (Fig.3).

Table (1) Descriptive statistics of flexure strength 
test results (Mean values ±SD) for acrylic resin 
with/out different concentrations of metal oxides 
modifications

Group Conc. % Mean SD
Range Statistics 

Min. Max. P value

Zr
 m

od
. 1% 64.93b 3.87 56.59 70.42

<0.0001*2% 56.06c 5.85 47.43 62.19

3% 69.21b 9.25 57.56 92.33

Ti
 m

od
. 1% 57.22c 7.29 42.14 73.89

<0.0001*2% 50.57d 4.32 43.79 56.37

3% 54.94c 6.79 40.85 65.72

A
l m

od
. 1% 66.4b 1.96 63.4 69.54

<0.0001*2% 54.22c 2.04 50.57 56.72

3% 56.71c 3.07 50.91 60.93

Control 77.96a 3.63 68.88 81.03

Statistics P value <0.0001*

Different letters in same column in same metal oxide 
modified group compared to control indicating 
significant (p<0.05)    *; significant (p<0.05) 
ns; non-significant (p>0.05)

Fig. (3)  Column chart showing flexure strength mean values 
for metal oxides modified acrylic groups compared to 
control group

DISCUSSION
It was found that, highest flexure was control 

group (Group A) 77.9Mpa.

In regard to Zro2 Nps, the transverse strength 
of Group B3(69.21) higher than Group B1(64.92) 
and Group B2(56.06), Group B3 and nearly Group 
B1 compatible with reference value (65 Mpa) but 
Group B2 lower than reference value.

These findings of decreasing flexure strength 
than control group are in disagreement with Xin-
jing et al. (8)and Alhareb et al. (9)research that revealed 
enhancement in flexural value in general. 

In the current research it was discovered that, 
flexure strength increased with increasing Zro2 Nps 
but still lower than control group, this mean that 
Group B3 greater than Group B1. This increasing by 
increasing filler load may be because rise interfacial 
shear strength among resin matrix and the nanofiller 
as a outcome of forming of cross-links or supra mo-
lecular bonding which cap or mask the nanofillers 
which in turn hinder diffusion of crack. (10)

However, in general decreasing in flexural 
strength of all groups of Zro2 Nps than control 
group this in agreement with Gad et al.(11) and Ergun 
et al. (12)findings. One of the causes is increasing 
the filler content in addition to poor dispersion will 
results in suspending resin matrix continuity and 
creating defect in the material which weakens it in 
the outcome.(2)  
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In regard to Al2o3 Nps, it was found that mean 
of flexure strength decrease with increasing Al2o3 
filler loading. 

These results are in agreement with Fathie et 
al., Chehusna et al. and Zninal et al. which found 
that raising the quantities of the nano-Al2o3 fillers 
minimize the flexural strength .(13) this phenomenon 
would be clarified by the existence of agglomerates 
and voids, which are start factors for failure and high 
filler fractions led to more filler–filler interaction than 
filler–matrix interaction;consequently,agglomeration 
serve as a points of stress concentration, which may 
lead to inappropriate stress distribution.(14)

And for Tio2 Nps, it was found that mean of 
flexure strength decrease with increasing ofTio2 Nps 
concentrations. These findings are in disagreement 
with Kusha Thakur, Archana Nagpal and Gupta 
R. which found that increasing in flexure strength 
coincide with increase concentration of Tio2 Nps 
till 2.5% then decrease flexure strength .(15)

But our results in agreement with Hamouda et 
al (16)and Nazirkar et al. in were discovered the 
influence of affixing TiO2NP into heat cure acrylic 
resin notified an reverse influence on flexural 
strength of the definitive output. (17)This minimizing 
was due to a raise in redundant TiO2 nanoparticles 
may raise the danger of dissimilar mixing among 
polymers output in additional monomers does not 
interact to polymer so that the residual monomer 
rises and minimize cross linking among the 
polymer chains. The residual monomer represents 
as a plasticizer since it was capable to step inside 
among the polymer chains which occasion the 
separate chains turned into more tenuous and the 
attraction force among molecules minimizes so that 
the acrylic resin turns into more flexible but brittle 
during the flexural strength experiment.(18)

Nazirkar et al. informed a decrease in flexural 
strength amounts when contrast to the classic 
unmodified resin. The authors explained that 
the reinforced TiO2NPs act as an impurity and 
intervenes with the polymerization process. They 

also stated that the TiO2NPs additives also rises 
the standard of residual monomer by acting as a 
plasticizer reducing the strength of the resin(7)

Internal prostheses synthetic with strengthen 
PMMA may offered a best prediction when contrast 
to prostheses without the adding of zirconia 
particles. Approaching the outcomes regarding to 
the characteristics of the zirconia particles, their size 
and concentration, the second hypothesis was partly 
agreeable The size of the particles were shown 
to have no influence on the raise in the flexural 
strength of PMMA, although several authors prefers 
the utilize of nanoparticles{de Souza Leão, 2019, 
Influence of addition of zirconia on PMMA: A 
systematic review}(19)

CONCLUSION

The research be deduced that, There is decreas-
ing in transverse strength of PMMA for all concen-
trations added of Zro2Nps, Al2o3 Nps and Tio2 Nps 
when compared to control group. 
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األسنان طب  لكلية  الرسمي  النشر 
أسيوط األزهر  جامعة 

مصر

األزهــــر
مجلة أسيوط لطب األسنان

تأثري قوه االنثناء ملادة الرتنج املعززة بواسطة ثالث مواد 

مختلفة )دراسة خارج الجسم الحى(

نهي حلمي , محمد أبو شامة*،  محمود عمار

مصر. 1 االزهر،   جامعة  أسيوط,بنني(،   ( االسنان،  طب  كلية   ، املتحركة  الصناعية  اإلستعاضة  قسم 
 	* الرائيسى:  للباحث  اإللكتروني  MOHAMMEDABOSHAMA.19@AZHAR.EDU.EGالبريد 

: الملخص 

الزركونيوم واجلزيئات  النانو من أكسيد  بتركيزات مختلفة من جزيئات  املعززه  الراتنج األساسية ألطقم األسنان  االنثناء ملادة  الهدف: تقييم قوة 
التيتانيوم.  أكسيد  من  النانو  اجلزيئات  و  األلومنيوم  أكسيد  من  النانو 

الراتنج ثم مت تقسيم هذه  2.5 مليمترسمك من مادة  10 عرض ×  65 طول ×  بأبعاد  االنثناء  50 عينة الختبار قوة  المواد واألساليب: مت إعداد 
لكل مجموعة  عينات   5 من   )3 و   2 و   1  ( فرعية  ثالث مجموعات  إلى  أيًضا  اجملموعات  تقسيم هذه  ومت  د(   ، ج   ، ب   ، )أ  أربع مجموعات  إلى  العينات 
النانوية  اجلزيئات  من  نوع  لكل   )3٪ و   2٪ و   1٪( كانت  التي  التيتانيوم  واكسيد  االملونيوم  اكسيد  و  الزركونيوم  اكسيد  لنسبة  الراتنج  ملادة  وفًقا 

الراتنج. مادة  إلى  إضافتها  متت  التي 

النتائج: بغض النظر عن نوع األكسيد املستخدم ، مت تسجيل أعلى قيمة للمجموعة املتحكمه )77.96 ميجا باسكال(. كان الفرق بني اجملموعات 
االنثناء.  )P= <0.0001<0.05(لقوة  إحصائيا 

االملونيوم  اكسيد  و  الزركونبوم  اكسيد  من  املضافة  التركيزات  جلميع  الراتنج  لـمادة  االنثناء  القوة  في  طفيف  انخفاض  هناك  االستنتاج: 
املتحكمه. باجملموعة  مقارنتها  عند  التيتانيوم  واكسيد 

و  األلومنيوم  أكسيد  من  النانو  اجلزيئات   , الزركونيوم  أكسيد  من  النانو  اجلزيئات  االنثناء,  قوة   , املعززة  الراتنج  املادة  المفتاحية:  الكلمات 
التيتانيوم. أكسيد  من  النانو  اجلزيئات 


