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ABSTRACT 

Background: In chemistry the development of polymer has produced another material to poly methyl methacrylate such as epoxy 
resins, polyamides (nylon), acetyl resins -----etc. All these resins are suited for thermoplastic processing. Polyamide materials are 
more flexible than the commonly used polymethylmethacrylate. The flexibility of polyamide allows partial dentures to be pressed 
in one piece including clasps. Glass fibers are the most widely used reinforcing materials forming about 90 % of the reinforcement 
in resins. The addition of fibers to provisional restorative resin increases tensile strength, fracture toughness and surface hardness. 

Objective of the study: An evaluation of the surface roughness, modulus of elasticity and tensile strength improvement of flexible 
denture bases after adding of glass fibers and altering in powder – monomer ratio. 

Material and Methods: Eighty samples of flexible acrylic were made and divided into two main groups according to the type of 
test to be used. Forty samples for surface roughness and forty samples for tensile strength and (modulus of elasticity). Each group 
is divided into four subgroups according to fibers addition and to the alteration in powder-liquid ratio as follows:  group (A) consists 
of (10 specimens) without the addition of glass fibers and with (3:1) powder- monomer ratio. Group (B) consists of (10 specimens) 
with addition of glass fibers and with (3:1) powder- monomer ratio, group (C) consists of (10 specimens) without addition of glass 
fibers and with (2.5:1) powder- monomer ratio and group (D) consists of (10 specimens) with glass fibers and with (2.5:1) powder- 
monomer ratio. The tensile strength and modulus of elasticity   were determined by Instron testing machine at cross speed of 
0.5mm/min. The T.R 200 device was used to indicate the values of surface roughness specimens before and after finishing and 
polishing.  

Results: In the present study, ANOVA test showed a significant difference at (P<0.05) between all the groups of tensile strength 
test. Least significant difference( LSD) test showed a non-significant difference at (P>0.05) between  most of  the tested groups 
except the groups of 3:1 powder–monomer ratio with and without fibers addition and groups of 3:1 ratio without fibers addition 
in comparison with the groups of 2.5:1 ratio with fibers addition which showed highly significant . The modulus of elasticity 
revealed a non-significant difference between all the tested groups at (P>0.05). While there were highly significant difference at 
(p<0.01) between groups of surface roughness test before and after polishing, except the group of 2.5:1 ratio with and without 
fibers addition which showed a non-significant difference at (P>0.05.). 

Conclusion: Conclusion was derived that fibers addition significantly affects tensile strength. The modulus of elasticity was not 
significantly affected by fibers addition or by powder-monomer ratio. Regarding surface roughness, it was improved after fibers 
addition and alteration in powder-liquid ratio.  

 

 الخلاصة

كل  .هراخاتنجات الايبوكسي الى التطوير في البوليمر كيميائيا انتج مواد بديلة الى يولي مثيل ميثا اكريلك مثل البلاستك البولي مايد )نايلون( ، راتنجات الاستيل، ر الخلفية:

لراتنج المرن يسمح للطقوم الجزئية كونه لي مثيل ميثا اكريلك. ان مرونة االبو نة منرة. مواد قاعدة اسنان البولي مايد اكثر مروانواع الراتنجات ملائمة للمعالجة بالحرا

تعويضة الراتنجية من التعزيز في الراتنجات. ان اضافة كمؤقت لل %90قطعة واحدة متضمنة الكلاب. الياف الزجاجية هو الاكثر استعمالا كمادة تعزيزية بحساب او تقريبا 

  .ر والصلابةالكس قاومةتزيد من المرونة، الشد، م

  . والسائلهو تقييم تحسن الخواص الميكانيكية )  معامل الشد ،المرونة والخشونة( لقاعدة الطقم المرن باضافة الياف والمقارنة بين نسبة الباودر  اهداف الدراسة:

ل عامل الشد والمرونة ، واربعون عينة لقياس  خشونة السطح . كمل ة ن عينتم تحضير ثمانين عينة قسمت الى  مجموعتين رئيسية لكل اختبار . اربعو المواد والطرق:

تتألف من عشرة عينات بدون اضافة  A ودر الى السائل على النحو التالي : مجموعةمجموعة قسمت الى اربعة مجاميع فرعية على اساس الياف المضافة والتغير بنسبة البا

عشرة عينات بدون  C ( باودر وسائل مجموعة1:3تتألف من عشرة عينات مع اضافة الياف الزجاج وبنسبة ) B ةمجموع( باودر وسائل 1:3الياف الزجاج وبنسبة )

قيم معامل الشد و المرونة احتسبت  .( باودر وسائل1:2.5عشرة عينات مع اضافة الياف الزجاج بنسبة ) D ئل مجموعة( باودر وسا1:2.5اضافة الياف الزجاج وبنسبة )

 . لقياس معامل الخشونة للعينات قبل وبعد التلميع T.R.200 ملم/دقيقة. بينما استخدم جهاز 0.5ترون وبمعدل سرعة نسلاهاز اسطة جبوا

بة يع نسلا يوجد فارق ما بين عينات ماعدا مجام (LSD) يوجد فارق ما بين عينات الشد. وفي اختبار (ANOVA) اسة الحالية في اختباراظهرت نتائج الدر النتائج:

 .( بإضافة الياف1:2.5( بدون اضافة الياف مقارنة مع مجاميع )1:3اف وكذلك مجاميع نسبة )( بإضافة وبدون اضافة الي1:3)

عة مجمو لعينات خشونة السطح قبل وبعد التلميع ظهر فارق هام بينهم ماعدا (LSD)،  (ANOVA) جود فارق بين المجاميع، بينما اختبارمعامل المرونة اظهر بعدم و

  .دم ظهور فارق بينهم( بإضافة وبدون اضافة الياف قبل التلميع بع1:2.5) بةنس

عامل الشد بينما معامل المرونة  لم بتاثربحسب مجاميع الدراسة وان  معامل الخشونة تحسن بنسبه يمكن الاستنتاج بان الياف المضافة اظهرت تأثيراً على م الاستنتاج:

.ور الى السائلادلبسبة اعلى نكبيره  بعد اضافة الياف 
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INTRODUCTION 

   Favorable denture resin material is needed for 

constructing long lasting dentures and biologically 

acceptance (1). Acrylic “poly methyl methacrylate" is   

widely used denture base materials with numerous 

advantages, but has poor properties for example 

fracture due to unsatisfactory impact strength, fatigue 

resistance, transverse strength and sensitive to allergic 

(2).  

    Studies have been done to improve the   properties 

of PMMA. However, nylon material gained attractive 

attention as a denture base due to many advantages, 

including:  non-metal clasp (esthetic), Toxicological 

safety to patients allergic to monomer and metals, 

higher elasticity than heat polymerizing  

 

acrylic and enough strength as a denture base material 

(3).  

    The higher nylon elasticity and modeling precision 

than the heat PMMA accelerate denture retention by 

utilizing the undercuts of teeth in the denture design, 

so clasps and problems resulting from metal clasps 

such as excessive load on teeth, undesirable esthetic 

properties and allergy to metal can be eliminated (4).  

Many techniques are used to improve the mechanical 

and surface properties of the acrylic resins have been 

developed. One technique is to substitute PMMA by 

another base material (e.g. Epoxy resins and 

polyamide), or the incorporation of a copolymer of 

rubber within PMMA to raise its impact strength 

Other options include the use of fiber addition or 

metallic wire to strengthen the denture base resins. 

Recently, a great emphasis has been placed on the use 

of glass fibers   for denture reinforcement (5). 

 Advantages of high   properties, stability in the oral 

environment, wettability, favorable aesthetic qualities 

and biocompatibility make glass fiber a suitable 

material for resins reinforcement (6). 

 The appropriate ratio of polymer to monomer is 3 to 

3.5:1 by volume or 2.5:1 by weight. This ratio is 

important to control the workability of the mix and the 

dimensional changes on setting (7). 

   Mechanical properties such as modulus of elasticity, 

surface roughness properties are important to 

characterize flexible   materials that are reinforced 

with glass fibers (8).  

    This study was designed to evaluate the effect of 

glass fibers addition on tensile strength (modulus of 

elasticity) and surface roughness of flexible acrylic 

resin and the effect of the alteration of powder-liquid 

ratio on these properties. 

 

METHODS 

Samples grouping 

      A total of (80 specimens) were prepared from 
Polyamide flexible acrylic (IMPAK powder and 
liquid, USA) and divided into two main groups 
according to the tests that used (forty specimens for 
tensile strength and modulus of elasticity test, forty 
specimens for surface roughness test) then each test 
subdivided into four subgroups according to the fibers 
addition and different Powder- Monomer   ratio as 
follows:  

1- Group A (control): 10 specimens without 
addition of glass fibers and with 3.1 powder -
monomer ratio.   

2- Group B (experimental): 10 specimens with 
addition of glass fibers and with 3.1 powder- 
monomer ratio.  

3- Group C (experimental): 10 specimens 
without addition of glass fibers and with 2.5:1 
powder- monomer ratio.  

4- Group D (experimental): 10 specimens with 
addition of glass fibers and with 2.5:1 powder- 
monomer ratio.  

 Samples Preparation for tensile test 

         For the tensile strength test, 40 flat rectangle 
shaped specimens were prepared with (40mm 
length,10mm width and 2 mm thickness) (9) (Fig.1)  

 
Figure (1): Dimensions of tensile test specimen. 

 

Flexible acrylic samples preparation:- 

        Wax plate (40×10×2 mm) length, width, 

thickness in dimensions was prepared.  33ml water 

and 100gm powder of stone was mixed according to 

the manufacturer instructions and poured in the flask, 

as shown in Fig. (2) 
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Figure (2): Wax pattern specimen for tensile test. 

 

     Before the stone in the lower half of the flask was 

harden, plate of wax was placed over the stone and the 

level of the wax would be with the level of the stone 

(Fig.3). 

 

 

 

 

 

   

 

The stone was coated with separating medium when 

reach to initial set. Then a second mix of stone was 

poured and kept under the hydraulic press. Wax 

elimination was done after complete setting by 

immersing the flask for four minutes in boiling water. 

The flask was opened, washed with boiled water and 

allowed to cool. The flask was opened and the mold 

was coated with the separating medium (10) 

 

 Proportioning and adding of glass fibers: 

       Glass fibers (IMPAK,USA ) were added to the 

flexible acrylic resin powder using weight/weight 

(w/w) ratio. Addition of glass fiber in amount of 5% 

by weight of powder. An electronic digit balance was 

used with accuracy of (0.0001g) as shown in Table (1). 

The fibers were added to the flexible acrylic powder 

then mixed and shaken well before mixing with the 

monomer (11). 

 

 

 

 

 

Table (1): 

Paired Samples Statistics of OPI scores before and after gargling 

Groups 

Proportioning 

Weight  of 

flexible 

acrylic 

powder (gm) 

Weight of 

glass fibers 

(gm) 

Total weight 

of the 

mixture (gm) 

Amount 

of the 

liquid 

(ml) 

Control 23.4 0.0 23.4 10 

5% 22.23 1.17 23.4 10 

 

        Flexible acrylic resin was mixed according to the 

instructions of manufacturer. Mixing procedure was 

done by conventional method. Curing was done at 

(74Co) temperature for (8) hours in water bath  

Finishing and polishing 

        All the flexible acrylic resin specimens were 

finished by using sand paper sheet. While polishing 

was done by using bristle brush and pumice with 

dental lathe polishing machine using law speed 

(1500rpm). The abrasive paper was used with light 

pressure for all specimens.  Pumice mixed with water 

at 1:1 ratio and used with a cloth wheel of 12.5mm for 

60sec. at 3,000 revolution per minute (RPM) on the 

lathe machine. Then fine grit pumice was used.  High 

shine buff was used with polishing brown Tripoli (12, 

13). The specimens were conditioned in distilled water 

for two days at 37°C (14).  
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  Figure (3): wax Specimens for tensile test in the             

flask. 

 



 

 

Testing Procedure 

          Instron testing machine was used for tensile test. 

It was equipped with suitable grips for holding the 

specimen. Set at cross head speed of 0.5mm./minute 

with a chart speed (20 mm./min.). The loads were 

analyzed by a tensile load cell with 100 Kg a 

maximum capacity. The force at failure was measured 

in kg which were converted into (Newton N) (15). The 

values of tensile strength were calculated by the 

following formula (16). 

     T.S. = F/A 

    Where:- 

     T.S. = Tensile strength (MPa or N/mm2). 

      F    = Force at failure (N). 

      A    = Area of cross section at failure (mm).  

 Modulus of elasticity:- 

         The values of reading of modulus of elasticity 

test were gained from the tensile machine. The graphs 

of stress versus strain from the Tensile strength test 

were used.  The modulus of elasticity was taken from 

the slope of the tangent drawn to the steepest initial 

straight line portion of the stress strain curve as in 

equation (17).                                      

E = P x L / W x d x I 

   Where:- 

    E = Modulus of elasticity (MPa or N/mm2). 

    P = Applied force (N). 

    L = Original length of the specimen (mm). 

   W = Width of specimen (mm). 

    d = depth of specimen (mm). 

    I = Increase in length (mm). 

 

 

Surface roughness test 

       Sample preparation for test: - (20 mm in diameter and 3 mm in thickness) (18) (Fig. 4). 

 

 

 

 

 

 

 

 

Figure (4): Dimensions of Roughness test Specimen. 

  Proportion, mixing, packing, curing, finishing, polishing and conditioning was done in the same procedure 

for tensile test (Fig 5 ,6). 

 

 

 

 

 

 

 

   

 

 

 Figure (5): Specimen for roughness test.                                                        Figure (6): Stone mold. 
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Testing Procedure for Roughness test  

       T.R. 200 device was used to test the roughness of 

the specimens which were placed on stable and fixed 

base then adjusted the device by making the stylus just 

touch the specimen surface. The stylus traversed 

toward the right direction along the specimen surface 

of (11 mm.) length at end. The reading appeared on 

the digital scale (11). 

 

 

 

RESULTS  

Tensile Strength Test Results 

          As shown in table (2) Descriptive statistics 

which include (Mean, SD. Std error, min and max 

).Tensile test values showed that the maximum  mean 

values were in group of (2.5:1) p/ L ratio with fibers 

addition (248.399 ± 12.3120-MPa), while the lowest 

mean values were in group of (3:1) powder-monomer 

ratio without fibers addition (200.867 ± 15.1340 

MPa),  

as shown at table (2) and Figure (7). 

 

 

Table (2): 

Descriptive statistic for tensile strength according to the studied groups. 

Studied groups 

(Tensile test) 

N Mean SD 

Sd. 

Err 

Range ANOVA 

test 

P- 

(value) 

Min. Max. 

3:1 ratio without fiber 10 200.867 15.1340 4.7858 180.180 225.859 

P=0.019 

Sign. 

(P<0.05) 

3:1 ratio with fiber 10 229.333 28.5180 9.0182 180.737 267.981 

2.5:1 ratio without 

fiber (control) 
10 224.516 53.5492 16.934 171.396 350.089 

2.5:1 ratio with fiber 10 248.399 12.3120 3.8934 231.033 268.212 

Total 40  

 

 

 

 

 

 

 

 

 

 

Figure (7): Descriptive statistic for tensile strength according to the studied groups. 
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  Least significant difference (LSD) test showed that 

significant differences at (P<0.05) was found between 

the group of (3:1) powder-monomer ratio without 

fibers addition and group of (3:1) ratio with fibers 

addition. Highly significant differences (P<0.01) was 

shown between (3:1) ratio without fibers addition and 

(2.5:1) ratio with fibers addition  

groups. While non-sig difference (P>0.05) showed 

between (3:1) ratio and (2.5:1) ratio without fibers  

 

 

addition groups. Another non-sig difference 

(P>0.05) showed between (3:1) ratio with fibers 

addition groups when compared with the groups of 

(2,5;1) ratio with fibers addition. Finally, the ratio of 

(2.5:1) with and without fibers addition groups also 

showed non-significant differences as in table (3).  

 

 

 

 

 

Table (3): 

Multiple comparison test (LSD) of tensile strength between tested groups. 

Studied groups (Tensile test) 

3:1 ratio without fiber (control) 

3:1 ratio with fiber 

2.5:1 ratio without fiber 

2.5:1 ratio with fiber 

3:1 ratio with fiber 
2.5:1 ratio without fiber 

2.5:1 ratio with fiber 

2.5:1 ratio without fiber 2.5:1 ratio with fiber 

 

Modulus of elasticity test results: 

Modulus of elasticity values showed that the highest mean values were in different ratio without fibers 

addition group (2.5:1) ratio (5939.624 ±1145.911MPa), while the lowest mean values were in the control 

group (3:1) ratio without fibers addition (5221.749±739.519 MPa ) as shown in table (4) and figure (8).one-

way ANOVA showed, non-sig differences at (P˃0.05) between all the tested groups. 

 

 

Table (4): 

Descriptive statistic for modulus of elasticity according to the studied groups. 

Studied groups 

(Modulus of 

Elasticity test) 

N Mean SD 
St. 

Error 

Range ANOVA 

test 

P-(value) 
Min. Maxi. 

3:1 ratio without fiber 10 5221.749 739.519 233.857 3859.696 6113.616 

P=0.373 

Non sign. 

(P>0.05) 

3:1 ratio with fiber 10 5803.422 1052.428 332.807 4090.624 7204.464 

2.5:1 ratio without fiber 10 5939.624 1145.911 362.369 4256.992 8008.576 

2.5:1 ratio with fiber 10 5825.539 957.351 302.7408 4670.880 7714.368 

Total 40  
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Figure (8): Descriptive statistic for modulus of elasticity. 

Surface roughness test results 

A-  degree of surface roughness before polishing  

       The highest mean values were obtained in the specimens of different ratio with fiber addition (2.5:1) ratio 

(2.32090±0.040918), while the smallest surface roughness values were obtained in specimens of (3:1) ratio 

with fibers addition (3.1) ratio (1.91640±0.001430). (Table 5) and (figure 9). ANOVA test showed a highly 

sig at (P<0.01) between all the groups. 

Table (5): 

 Descriptive statistic for surface roughness according to the studied groups before polishing 

Studied groups 

(Roughness test (µm) before polishing) 
N Mean SD 

Std. 

Error 

Range ANOVA test 

(P-value) Mini. Maxi. 

3:1 ratio without fiber 10 2.19710 0.001197 0.000379 2.195 2.199 

P≤0.001 

Highly sign. 

(P<0.01) 

3:1 ratio with fiber 10 1.91640 0.001430 0.000452 1.914 1.918 

2.5:1 ratio without fiber 10 2.31420 0.001874 0.000593 2.311 2.317 

2.5:1 ratio with fiber 10 2.32090 0.040918 0.012940 2.300 2.399 

Total 40  

 

 

Figure (9): Descriptive statistic for surface roughness according to the studied groups before polishing. 

 

LSD of multiple comparison test, revealed that HS differences at (P≤0.001) between most of the tested 

groups. The only non-significant (P>0.05) were observed between (2.5:1) ratio without fibers addition versus 

(2.5:1) ratio with fibers addition as shown in table (6).  
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Table (6): 

The results of multiple comparison test (LSD) of surface roughness between tested materials groups before 

polishing 

 

Studied groups (Roughness test (µm) before polishing) LSD test (P-value) 

3:1 ratio without fiber 

3:1ratio with fiber 
P≤0.001 H. sign. 

(P<0.01) 

2.5:1 ratio without fiber P≤0.001 HS.  
2.5:1 ratio with fiber P≤0.001 HS.  

3:1 ratio with fiber 
2.5:1 ratio without fiber P≤0.001 HS.  
2.5:1 ratio with fiber P≤0.001 HS   

2.5:1 ratio without fiber 2.5:1 ratio with fiber 
P=0.471 Non sign. 

(P>0.05) 

 

B. Degree of surface roughness after polishing 

    The highest surface roughness mean values were obtained in specimens of (3:1 ratio) without fibers 

addition (0.42570±0.001059), while the smallest mean values of surface roughness were obtained in the group 

of (2.5:1) ratio with fibers addition (0.14610±0.001792). Table (7) and figure (10). ANOVA test observed 

highly sig differences (P<0.01) between tested the groups. 

 

Table (7):  

Descriptive statistic for surface roughness according to the studied groups after polishing.  

Studied groups 

(Roughness test (µm) after polishing) 
N Mean SD 

Std. 

Error 

Range  

(P-value) Min max 

3:1 ratio without fiber 10 0.42570 0.001059 0.000335 0.424 0.427 

P≤0.001 

Highly sign. 

(P<0.01) 

3:1 ratio with fiber 10 0.25210 0.001101 0.000348 0.251 0.254 

2.5:1 ratio without fiber 10 0.31040 0.001776 0.000562 0.308 0.313 

2.5:1 ratio with fiber 10 0.14610 0.001792 0.000567 0.144 0.149 

Total 40  

 

 
Figure (10): Descriptive statistic for surface roughness according to the studied groups after polishing. 

 

  LSD of multiple comparison test, showed maximum difference at P<0.01 between all the groups as in 

table (8). 

 

 

8 
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Table (8):  

The results of multiple comparison test (LSD) of surface roughness between tested materials 

groups after polishing.  

Studied groups (Roughness test (µm) 

after polishing) 

LSD test (P-value) 

3:1 ratio without fiber 

3:1 ratio with fiber 

2.5:1 ratio without fiber 

2.5:1 ratio with fiber 

3:1 ratio with fiber 
2.5:1 ratio without fiber 

P≤0.001 Highly sign. (P<0.01) 2.5:1 ratio with fiber 

2.5:1 ratio without fiber 2.5:1 ratio with fiber 

 

 

Student T-test as shown in table (9) revealed the mean values of surface roughness in (µm) of (3:1) ratio 

without fibers addition before polishing (2.1971). Statistically, was highly value at (P<0.01) when compared 

with group of (3:1) ratio without fiber addition after finishing and polishing. There was a decrease in the mean 

of (3:1) ratio after polishing (0.4257) as illustrated in Figure (11). 

 

 

Table (9): 

 T-test statistical analysis for 3:1 ratio with fiber before and after polishing. 

3:1 ratio without fiber 

{Roughness test (µm)} 
N Mean SD 

Std. 

Err 

Range 
t- test  Min. Max. 

Polishing 
Before 10 2.1971 0.00120 0.00038 2.20 2.20 

P≤0.001 

Highly 

sign.  

After 10 0.4257 0.00106 0.00033 0.42 0.43 

Total 20  

 

 

Figure (11): Mean value for 3:1 ratio without fiber for roughness test. 

 

 

The differences between groups of (3:1) ratio with fibers addition showed maximum differences at 

(P<0.01) as showed in table (10) and figure (12). 
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Table (10):  

T-test statistical analysis for 3:1 ratio with fiber before and after polishing.  

 

 

  

 

 

 

 

 
Figure (12): Mean value for 3:1 ratio with fiber before and after polishing for roughness test. 

 

Specimens with (2.5:1) ratio also showed   highly significant differences before and after polishing at 

(P<0.01) as in table (11) and figure (13). 

 

 

Table (11): 

T-test statistical analysis for 2.5:1 ratio without fiber before and after polishing. 

2.5:1 ratio without 

fiber {Roughness test 

(µm)} 

N Mean SD 
St 

Er. 

Range 

t- test 
 Mini Maxi 

Polishing 

Before 10 2.31420 0.001874 0.000593 2.311 2.317 P≤0.001 

Highly 

sign. 
 

After 10 0.31040 0.001776 0.000562 0.308 0.313 

Total 20  

 

 

Figure (13): Mean value for 2.5:1 ratio without fiber before and after polishing for roughness test.  

3:1 RATIO with fiber 

{Roughness test (µm)} 
N Mean SD 

Std. 

Err. 

Range t- test 

(P-value) Min Max 

Polishing 
Before 10 1.91640 0.001430 0.000452 1.914 1.918 P≤0.001 

Highly 

sign.  
After 10 0.25210 0.001101 0.000348 0.251 0.254 
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Table (12) and figure (14) showed highly significant differences at ratio of (2.5:1) with fibers addition. 

 

Table (12):  

T-test statistical analysis for 2.5:1 ratio with fiber before and after polishing. 

2.5:1 ratio with fiber 

{Roughness test (µm)} 
N Mean SD 

Std. 

Err. 

Range 
t- test  Min. Max. 

Polishing 

Before 10 2.32090 0.040918 0.012940 2.300 2.399 
P≤0.001 

Highly 

sign.  

After 10 0.14610 0.001792 0.000567 0.144 0.149 

Total 20  

 

 
Figure (14): Mean value for 2.5:1 ratio with fiber before and after polishing for roughness test 

 

 

 

DISCUSSION 

   The reinforcing effect of fibers on different 

polymer has been introduced to overcome the denture 

fracture by improving the   properties of denture   

polymer. This study conducted to evaluate the 

influence of glass fibers on tensile strength, modulus 

of elasticity and surface roughness of flexible acrylic 

resin. 

 

 Tensile and modulus of elasticity test  

     Statistical analysis of the tensile test observed 

a significant difference in the flexible acrylic samples 

at 3:1 ratio groups with and without fiber glass 

addition, where adding the fibers seemed to increase 

the tensile strength of flexible acrylic [Table (3) and 

figure (7)]. This can be attributed to the number of the 

hydrogen bonds (secondary bonds) between the 

polymer chains and strength (19). The weak polyamide 

secondary bonds permits these chains to slide past one  

to another at lower stresses within polymer mass. In a 

morphs polymer matrix test specimen, the neutral axis 

placed in the middle of the specimen. The neutral axis 

is moved directly toward the fiber layer when the 

specimen includes the reinforcing fiber and a morphs 

layer of polymer. Depending on the ratio between the 

homogeneous polymer layer and modulus of the fibers 

incorporated, the location of neutral axis even inside 

the fiber layer, can cause the weaker layer to be open 

to higher stresses while the fibers were more evenly 

distributed and filled the whole volume of the mold 

resulting in a homogenous  structure (20).  

               Flexibility (tensile and modulus of 

elasticity) is defined as the strain that occurs when the 

material is stressed to its proportional limit, this strain 

is important because it represents the percent 

deformation that can be sustained in a material before 

it becomes permanently damaged (18).this study 

showed significant differences in tensile strength only 

in 3:1 ratio without fibers addition when compared 

with 3:1 and 2.5:1 ratio with fibers addition while non-

significant differences in all tested groups in modulus 

of elasticity this duo to statistically difference that all 

specimens tested in Instron testing machine ,so the 

difference just between the equation of tensile test and 

modulus of elasticity test.   
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Surface Roughness Test: 

        The roughed surface of polyamide may 

influence by some degree of disintegration of the 

surface which is heated to a temperature higher than 

of the Polymethylmethacrylate. The difference in 

Roughness area value (Ra value) of polyamide 

polished surface was accounted highly significant. 

This due to the materials is differences in the physical 

properties. Fraying (well defined area)at the edges of 

the  flexible specimens was noticed  during polishing 

of the samples in this study which may have occurred 

due to exposed to higher temperature . The average of 

cooling of processed flexible affects the 

characteristics of surface properties and it has been 

mentioned that   slow cooling results a relatively stiff 

material and strong but a rough surface table (5).  

         A smooth surface of the mold cavity would 

be beneficial to improve the quality of the surface of 

flexible where trimming is not necessary as in clasps. 

The pressure, temperature and the cooling rate has to 

be standardized for high qualities of the surface of the 

denture. Despite the acceptable Roughness area value 

of polished polyamide as in this study, it is noteworthy 

that the polishing of this material in lab practice would 

be performed in various conditions ex, polishing is not 

always performed flat surfaces and the recommended 

pressure of a rotating polisher and speed are difficult 

to control. Therefore, higher differences in roughness 

values may be expected in practice.  Manufacturer’s 

recommendations for flexible polyamide propose the 

material can be used as a framework of removable 

partial denture due to its flexural properties. In such 

circumstance, a lathe machine may not be capable to 

polish all parts of the clasps adequately also minor and 

major connectors. Further, investigations with the 

effect of interfacial media (liquid and polishing 

pastes), duration of motion, controlled load 

application and velocity are needed to improve the 

surface roughness of polyamides. Influence of 

polishing with fine diamond rubber cups under low 

speed pressure and the use of cooling system to 

minimize heat generation during polishing aid to be 

investigated (21). In this study, the traditional polishing 

technique used for polymethyl acrylate provided a  

roughness area below the accepted threshold Ra value 

table (7,8).The variation in Ra values of polished 

surfaces of flexible specimens was found to be 

statistically improved after glass fibers addition and 

polishing  procedure ,this may be contributed to use 

special tools (finishing burs) during polishing 

procedure.    

 

  CONCLUSION 

We can conclude that: 

1- The flexible acrylic resin specimens had 

significantly lower tensile strength at ratio of 

3:1 without fibers addition when compared 

with ratio of 3:1 with fibers addition while 

non-significant differences were seen between 

samples used at ratios of 2.5:1 and 3:1without 

or with fibers addition .  

2- The modulus of elasticity according to the 

studied groups had no significant effect at ratio 

of 2.5:1 and 3:1 with and without fibers 

addition.   

3-  Flexible acrylic specimens showed significant 

improvement in surface roughness at 3:1 ratio 

with and without fibers addition when 

compared with 3:1 ratio with fibers addition 

and 2.5:1 with and without fibers addition and 

alteration in powder-liquid ratio except 2.5:1 

ratio without fibers addition when compared 

with 2.5:1 with fibers addition before 

polishing while highly significant improved in 

surface roughness were showed between all 

tested groups and alteration in powder-liquid 

ratio after polishing so we encourage the 

author to use  glass fibers and alteration in 

powder-liquid ratio .  
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