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ABSTRACT 

Background: 

 The flexible denture is becoming popularly used for patients allergic to metal 

andmonomer. It is more esthetic because of tissue coloured clasp, suitable in the presence 

ofundercuts and comfortable to wear.  One of the main disadvantages is that flexible denture 

is difficultto reline. There is not much studies in improving bond between thermoplasticresin 

and reline material. 

Aim: 

 To evaluate the effect of three types of surface treatments and their combinations on 

the shear bond strength a polyamide thermoplastic denture base resin to a chairside reline 

resin. 

Materials and methods: 

  80 Polyamide specimens of dimension 10mm × 10mm cylinder were fabricated and 

divided into 7 groups based on the surface treatments given vizcontrol, sandblasting, silane, 

acid etching, sandblasted + silane, acid etched + silane and sandblasted + acid etched + 

silane. Surface treatments were done on the surface of the polyamide specimen to be bonded 

with the chairside reline resin. Then specimens are subjected to shear bond strength testing 

and results were statistically analyzed using SPSS software version21.0. One-way ANOVA 

and Post Hoc Tukey HSD test were donewith the significance level set at 0.05 

Results: 

The mean bond strength of Sandblasted group was highest among all the groups with 

2.58 MPa and the lowest was group 6 (Acid + silane) with 2.004 MPa.The difference is found 

to be statistically significant (p0.001).Tukey’s post hoc test shows inter group comparison 



and found that highest mean difference was found between control and Group 6 (0.57 MPa), 

and the lowest was found between Group 3 and Group 4 (-0.23 MPa). All the mean values 

were statistically significant with P = 0.05. Statisticallysignificant difference was found in 

Group 1 and group 6 (0.01), group1 and group7 (0.03), group2 and group6 (0.01), group2 and 

group7 (0.03), group6 and group1 (0.01), group6 and group2 (0.013). 

Conclusion: 

Air abrasion,Silane coupling agent, Acid etching, and their combinations didn’t 

improve the shear bond strength between polyamide denture base resin and chairside reline 

resin material. Sandblasted showed slightly better bond strength but there is no statistical 

significance. Acid + silane showed the lowest bond strength but showed statistical 

significance.Clinical reline of polyamide denture base resin with chairside methacrylate resin 

is showed to be difficult. 

 

 

 

 

 

 

 

 

 

 



CONTENTS 

SL.NO TITLE PAGE NO. 

1 INTRODUCTION 1 

2 AIM AND OBJECTIVES 4 

3 REVIEW OF LITERATURE 5 

4 MATERIALS AND METHODS 16 

5 RESULTS 28 

6 DISCUSSION 33 

7 SUMMARY 37 

8 CONCLUSION 38 

9 BIBLIOGRAPHY 39 



LIST OF FIGURES 

 

S.NO FIGURES PAGE 
NO. 

1 Specimen design in CAD software (CATIA V5) 
20 

2 MoonRay 3D printer (Sprintray, USA) 
20 

3 3D Printed wax pattern 
21 

4 Sabilex injection system 2AD (Sabilex, Argentina) 
21 

5 Polyamide denture base resin material (FlexiFast- Sabilex, Argentina) 
22 

6 Polyamide Specimens 
23 

7 Roughness analysis using Profilometer 
23 

8 Profilometer- Roughness values before and after abrasion with 100grid 
silicon carbide paper 24 

9 Voco Ufi Gel Hard- Chairside reline resin 
25 

10 Urea, Distilled water, Formic acid, Calcium chloride 
25 

11 Ultradent Silane Coupling agent 
26 

12 Universal Testing Machine 
27 

13 Universal Testing Machine  - Shear bond Strength testing between 
Polyamide and Reline resin material 27 

 

 

 



LIST OF TABLES 

S.NO DESCRIPTION PAGE NO. 

1 Mean bond strength 29 

2 
ANOVA(one-way analysis of variance) test 

results 
30 

3 Post Hoc – Tukey HSD test results 31 

 

 

 

 

LIST OF GRAPHS 

S.NO DESCRIPTION PAGE NO. 

1 Mean bond strength 29 

 

 

 

 



 

 

 
 
 
 
 
 

Introduction 

  



 

INTRODUCTION 

1 
 

In a scenario like Replacement of missing teeth with Removable prosthesis, 

heat-cured PMMA is often a material of choice since 1937 because of its advantages 

like acceptable aesthetic characteristics, low water absorbing tendency and less 

solubility, adequate strength, biocompatible, easily repairable, and a simple 

processing technique(1). It is widely in use despite its disadvantages like allergies due 

to residual monomer content, insufficient hardness, polymerization shrinkage, 

decreased fracture resistance, tensile strength, and rigidity which makes the material 

difficult to remove from unfavorable undercut areas(2). The failure occurs when there 

is increased flexural loading, high impact stress, high tensile stress and use of 

unaesthetic metal clasp in RPD(3). To overcome all these failure certain modifications 

are made like high impact strength resin, incorporation of nanoparticles, fibers, and 

some technical modifications viz injection molding techniques are used(4).  

Denture bases with metal clasps are replaced with thermoplastic resin. Some 

of the alternative materials to polymethyl methacrylate (PMMA) dentures are 

polycarbonate, nylon, acetal and polyethylene terephthalate(5). Its advantageous 

characteristics such as flexibility and higher molding precision comparing heat-

polymerizing resins which will improve denture retention by using the soft and hard 

tissue undercuts. It means that metal clasps can be eliminated from denture bases, 

which also meant that the problems resulting from metal clasps such as stresses on 

abutment teeth, compromise on aesthetics, and allergy towards metallic denture clasps 

can be eliminated(6). 

Polyamide is a nylon-based polymer that is semi-crystalline in form has been 

used as a denture base resin since 1950. It is a product formed as a result of a 

condensation reaction between a diamine and dibasic acid. Polyamide is highly 
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acceptable due to its properties like high flexibility, aesthesisas its translucent, no 

allergic reaction, no polymerization shrinkageand higher molding precision than heat-

polymerizing base resins facilitating denture retention(7). 

After the advent of polyamide, the esthetic dilemma with regards to the 

placement of clasp in PMMA is solved. The high strength and flexibility of nylon 

clasp which aids removal and seating of denture against undercut areas is an added 

advantage. Though polyamide is an excellent material compared to PMMA, its use is 

restricted because of its disadvantages like high water sorption, decreased color 

stability, surface roughness and difficulty in polishing(8). The biggest drawback of 

polyamide is its inability to bond with denture teeth because of dissimilar molecular 

structure. Due to the above reasons denture teeth are retained by mechanical 

interlocking with polyamide denture base resin. 

The flexibility of the polyamide resin is maintained by the addition of 

plasticizers to it during manufacture which then leaches out gradually over a period of 

time resulting in a decrease in flexibility thereby increasing the rigidity of the 

denture(7). 

Relining and repair work of conventional PMMA based dentures are done 

either by chairside or lab side reline resin materials. These relining materials are based 

on polymethylmethacrylate (PMMA) and polyethylmethacrylate (PEMA) resins, 

whereas such an option is minimal for polyamide resin. 

Relining of polyamide denture base resin using chairside relining is difficult 

due to the difference in their chemical nature. There is minimal evidence in improving 

the bond between polyamide and chairside reline resin. 
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With evidence of previous literature, it has been documented that certain 

surface treatments improved the bond between polyamide and reline resins such as 

sandblasting, silane application, Rocatec system, Laser etching, UV irradiation, amino 

silane application, Methyl methacrylate monomer (MMA), usage of certain acids for 

etching like formic acid, ethyl acetate, dichloromethane, and their combinations. 

Polyamide is highly resistant to reaction with chemicals but it has been 

documented that certain strong acids in higher concentrations can act as a solvent for 

polyamide(9). Acids like formic acid and dichloromethane are lethal in much higher 

concentrations, the addition of certain other chemicals to formic acid decreases the 

concentration of the same thereby reducing the lethal nature without altering the 

dissolving property(10). Hence in the current study, a new polyamide solvent with the 

reduced adverse property has been tested for improving the bond strength between 

polyamide resin and chairside reline resin. 
 

 

 

 

 

 



 

 

 
 

 

 

Aim and objective 

  



 

AIM & OBJECTIVES 

4 
 

 

Aim: 

To evaluate the effect of three types of surface treatments and their 

combinations on the shear bond strength of a polyamide thermoplastic denture base 

resin to a chairside reline resin. 

Objective: 

 To evaluate the shear bond strength between polyamide denture base resin and 

chairside reline resin. 

 To evaluate and compare the various surface treatments viz. Sandblasting, 

Silane application, Acid etching and, their various combinations on the shear 

bond strength of a polyamide denture base resin to a chairside reline resin. 
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 Mahroo Vojdani et al(7)published a literature review regarding polyamide 

denture base resin and the purpose was to review its physical, and mechanical 

properties, biocompatibility. Scientific articles from 1990-2014 were collected and 82 

articles were selected. After the application of inclusion and exclusion criteria, 24 

articles were finally selected in this review. Results showed that injectable 

thermoplastic polyamide resin, semi-flexible or flexible resins, high impact polyamide 

denture base resin are found to be an alternative to polymethylmethacrylate resins 

because of their aesthetics, physicochemical and functional properties. Polyamide 

material can be used for denture fabrication in case of severe soft/ hard tissue 

undercuts, repeated fracture of the conventional denture, patients with high aesthetic-

concerns, and in case of metal and PMMA allergy and in conditions such as 

microstomia. Even though polyamide has some advantages over polymethyl 

methacrylate (PMMA) materials. Moreover, knowledge about the polyamide is 

limited to their clinical performance. Hence more knowledge is required about long 

term prognosis. 

Katsumata et al(11) evaluated the shear bond strength between auto 

polymerizing resin and nylon denture base resin and the effect of various surface 

treatments and also the comparison with heat cure denture base resin and a 

polycarbonate denture base resin. specimens were fabricated.The grouping was done 

based on surface treatments such as polishing with a 600 grid silicon carbide paper, 

sandblasting with alumina of particle size 110µm, primer application, a combination 

of sandblasting and primer application, and tribochemical coating(Rocatec system). 

Then the shear bond strength test was done. The electron probe microanalyzer was 

used to measure concentrations of Silica. Results showed significantly highershear 
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bond strength for tribochemical coating. The electron probe microanalyzer result 

showed that tribochemical coating caused the silica film layer on specimens. Rocatec 

system improved the bond strength between nylon denture base polymer and auto 

polymerizing repair resin. improved bonding achieved in the Lucitone FRS group 

subjected to combined Rocatec + silane coupling treatment was solely due to the 

formation of a silica layer on the nylon polymer surface. As for Quick Acron and Bio 

Carbo specimens, silica deposition on their surfaces was scanty despite a significant 

increase in surface roughness after silica-coating. As a result, the Rocatec® treatment 

failed to work effectively to improve the bonding strength of these two materials. This 

was because tribochemical surface modification might not be able to yield equivalent 

effect (reactivity) if the surface to be bonded were composed of the same polymeric 

material as the denture base material, instead of being modified into a silica layer. 

Upon comparing the Si concentrations on the surfaces of the three tested denture base 

materials, the Si concentration on the silica-coated nylon polymer surface was 

apparently higher than the other materials. Furthermore, the adherence of the silica 

layer on the nylon polymer surface was significantly stronger and more durable than 

the other materials, which could be attributed to the low-temperature thermal property 

of nylon. Since nylon is easily affected by heat, the frictional heat caused by collision 

energy during the silica coating procedure partially softened the nylon surface, such 

that the adhering silica particles were cut and embedded into the nylon polymer 

surface. The results of this study suggested that a combined surface treatment 

entailing silica-coating by Rocatec® system followed by silane coupling worked well 

for nylon polymer as the pre-treatment for bonding. Indeed, the bonding strength to 

auto polymerizing resin used for the repair of dentures was favorably enhanced. 
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Hamanaka et al(12)evaluated the shear bond strength between auto 

polymerizing reline resin to thermoplastic denture base resins. Two commercial 

polyamides denture base resin, and one polyethylene terephthalate copolymer denture 

base resin and a polycarbonate denture base resin were used in this study. The 

grouping was carried out as per surface treatments such assandblasted with alumina, 

dichloromethane,ethyl acetate, 4-META resin, sandblasted and 4-META resin, 

tribochemical silica coating,a combination of tribochemical silica coating and 4-

META resin. Thermocycled for 10,000 cycles. Shear bond strength testing was done. 

Results showed that a very low bond w in alumina, dichloromethane and ethyl acetate 

and no-treatment groups. The highest polyamide bond strength was seen inthe 

tribochemical silica coating and 4-META resin combination. The highestpolyethylene 

terephthalate copolymer and polycarbonate bond strengths were found with alumina + 

4-META resin combination. Concluded that Polyamide resin was difficult to repair 

with auto polymerizing repair resin. Polyethylene and polycarbonate had a better bond 

to an auto polymerizing resin. 4-META resin improves the bond.  

Korkmaz et al(13)evaluated the effect of laser etching and sandblasted using 

alumina on the peel-off strength of silicon-based soft denture reline materialon to 

polyamide and PMMA. Specimens were prepared. Then surface conditioned as 

sandblasted and laser etched with Er, Cr: YSGG laser. Then silicon-based soft denture 

liner was applied. A peel test was done using a universal testing machine. Failure 

modes evaluated and data. Laser showed increased peel strength, statistically 

significant for Er, Cr: YSGG laser at 3 W-20 Hz for paladent. Lower peel strength 

was observed for polyamide. 
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Miura et al(14) documented the effect of various types of surface treatments on 

the bond strength of auto-polymerized denture base resin to polyethylene 

terephthalate. In his study, he evaluated the shear bond strength of polyethylene 

terephthalate and auto-polymerized resin with or without surface treatment. The 

surface treatment agents were Unifast III Liquid, Resin Primer, Adhesive, and GP 

Solvent. And the results were that shear bond strengths were highest for GP Solvent, 

lowest for Unifast III Liquid. SEM findings showed surface changes on polyethylene 

terephthalate treated with Resin Primer. 

Asakawa, et al(15) evaluated the effect of etching with ultraviolet light and air 

abrasion with alumina on the shear bond strength between thermoplasticnylon-based 

denture base resin and auto-polymerized methacrylate resin. Polyamides specimens 

were subjected to surface etching with UV irradiation, air abrasionwith alumina and 

their combinations. Results showed that etching with UV irradiation, air abrasion by 

sandblasting alumina particles, combinations showed significantly higher shear bond 

strengths. A combination of etching with UV irradiation and abrasion with alumina 

sandblasting showed the highest shear bond strength between nylon-based denture 

base resin and PMMA based auto-polymerizing repair resin. 

Kim et al(16) in his study tested tensile and transverse bond strength of 

chairside auto-polymerizing reline resin to a thermoplastic resin and the results of the 

study were compared with those of a thermoplastic polyamide resin and conventional 

heat polymerized acrylic resin. The mode of failure was evaluated using SEM. Results 

showed that the bond strength of relining resin to a thermoplastic acrylic resin was 

similar to that of bonding to a conventional heat polymerized resin whereas 

polyamide resin showed the lowest value. Results show that a thermoplastic resin 
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allows chairside reline and repair. It was concluded that light-polymerized reline resin 

had better bond strength than the auto polymerizing reline resin in relining for a 

thermoplastic acrylic resin and conventional heat polymerized acrylic resin. 

 Gundogdu et al(17) studied the effects of surface treatments and different 

repair resins on the repair strength of a polyamide resin. In this study the base material 

was polyamide and the test materials were polyamide, heat polymerized resin, auto 

polymerized resin. Prepared specimens were subjected to the 3-point bending test. 

Scanning electron microscopy was used to examine the surface properties of the 

polyamide specimen. The flexural strength of the specimens repaired with the 

polyamide had higher bond strength than heat-polymerized resins. Hence polyamide 

is the best material to repair a polyamide denture base resin. 

 Mostafa Jabbari et al(18) documented a new solvent for the dissolution of 

polyamide resin. Polyamides are one of the most useful polymers, but the difficulty in 

dissolving them hinders their applications in various fields. Formic acid is the most 

common solvent for polyamide, but it has some limitations such as toxicity and needs 

to be handled carefully. In this study, the author proposed a new solvent system for 

polyamide resin by replacing a portion of the formic acid with urea and calcium 

chloride. Results showed that the new proposed solvent for polyamide could readily 

dissolve Polyamide with less decrease in the mechanical properties of the polyamide 

resin during the dissolution. The new solvent prepared has almost the same properties 

as the formic acid solution. The formulation is formic acid - 60%, urea - 7%, calcium 

chloride -20%, distilled water -13% and concluded that replacement of 40% of the 

formic acid with less harmful chemicals is environment-friendly. 
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Kris Behler et al(19) developed a new solvent for the dissolution of 

polyamides. Polyamides are generally dissolved in phenolic or fluoric solvents. Here 

the new solvent is a mixture of formic acid and dichloromethane for dissolution of 

various polyamides forms. The polyamide 11 and 12 forms are most difficult to 

dissolve can be dissolved using the new solvent mixture for forming nanofibers and 

nanoribbons by using electrospun for fabric processing.  

Nurdan Polat Sagsoz et al(20), studied the changes in Colour of Polyamide 

and Polymethylmethacrylate resin by storing them in different staining solutions. Two 

staining solutions such as tea and coffee, denture cleaner and distilled water were used 

for testing. The baseline color of specimens was measured by using a colorimeter then 

color changes after 7 and 30 days were evaluated. It was found no statistically 

significant difference between solutions (P > 0.05). Polyamide resin displayed the 

greatest color change when compared to polymethylmethacrylate resin. Color stability 

of polymethylmethacrylate resin is greater than polyamide resin. 

Samuel Hocker et al(21) documented the hydrolysis of polyamide by weak 

organic acids. The acidic solution can cause hydrolysis of polyamides. Here it is 

documented that weak small organic acids at low concentrations can cause hydrolysis 

of polyamide at rates of twice that ofHCl of the same acidic pH. In this study, small 

organic dilute acids such as acetic, propanoic, and butanoic acids were evaluated and 

that as the organic acid gets weaker the effect on the hydrolysis rate increases. 

Butanoic acid had the highestrate of hydrolysis even though it is the weakest acid. 

Concluded that hydrolysis rate governed by solubility and not by pH. The carboxylic 

group in acid increases its compatibility with polyamide. 
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Yota Takabayashi et al(6)documented the various Characteristics of 

thermoplastic denture base resins. Mechanical and physical properties, tensile 

strength,flexural strength, water sorption, solubility, modulus of elasticity, and color 

stability were evaluated and compared with acrylic resin.low modulus of elasticity, 

low water sorption, and solubility are advantages of thermoplastic resin over acrylic 

resin. Polyamide resisted fracture in the bending test. clinically noticeable staining 

seen on polyamide resins and polyethylene terephthalate resins. 

Mustafa Murat Mutluay et al(22), evaluatedthe adhesion of chairside hard 

reline resin tomodified polymethylmethacrylate. Tensile bond strength was evaluated. 

Base materials used were denture base resins- Ivocap Plus, Paladon 65, and Palapress 

Vario. Test materials were chairside hard reline resin- GC Reline Hard, Original 

Truliner, Flexacryl Hard, Ufigel Hard, New Truliner, Light Liner, Triad Reline, 

Astron LC Hard. Specimens were fabricated and tensile testing was done. The tensile 

bond strength of the relining materials was less the tensile strength of PMMA denture 

base polymers. 

Mustafa Murat Mutluay et al(23) evaluated the bond strength of soft relining 

materials to denture base resins. Base materials were denture base resins - Paladon 65, 

Ivocap Plus, Palapress Vario. Test materials were soft liners - Mollosil Plus, Dentusil, 

Ufi gel Soft, GC Reline Soft, Silagum Comfort, Vertex Soft, Astron Soft, Molloplast 

B, Flexacryl Soft, Triad Resiline. Tensile bond strength was evaluated. Vinyl 

polyorganosiloxane soft reline resinssuch as Ufi gel Soft, Mollosil Plus, Dentusil,GC 

Reline Soft, Silagum Comfort and a plasticized PMMA soft reline resin such as 

Vertex Soft showed statistically similar tensile bond strength.Polyorganosiloxane 
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based materials showed higher bond strengthwith water immersed specimens than 

with the dry specimens. 

Yurdanur Ucar et al(24)compared the mechanical properties of polyamide 

resin - Deflex and Polymethyl methacrylate Denture Base resin – SRIvocap, 

Meliodent.Flexural properties such as deflection, bending strength, and bending 

modulus were evaluated. A three-point bending test was carried.Results showed that 

Meliodent specimens fractured during flexural testing, but Deflex specimens did not 

fracture and concluded thatgood fracture resistance is seen in polyamide 

denturematerial. 

Kenji Fueki et al(25) reviewed the clinical application of removable partial 

dentures using thermoplastic denture base resins and concluded that non-rigid non-

metal clasp thermoplastic denture base resins are not recommended as definitive 

dentures, except for metal allergy cases and Rigid non-metal clasp dentures are 

recommended for patients not willing to accept metal clasps for aesthetic reasons. 

Kenji Fueki et al(26),in the article clinical application of removable partial 

dentures using polyamide-based thermoplastic resin (Part-2). Physical and mechanical 

properties of thermoplastic resin. And concluded that the color-stability of 

thermoplastic resin lowerand tend to fracture more than polymethylmethacrylate resin 

and the surface of thermoplastic polyamide resin tends to become more easily rough 

than polymethylmethacrylate resin. 

Shivani Kohli et al(27)evaluated the flexural properties of polyamide resin and 

polymethylmethacrylate denture base resin. In this study flexural strength and flexural 

modulus of two polyamide denture base materials - Valplast and Lucitone FRS, and a 

polymethylmethacrylate injection molded denture base resin - SR Ivocap were 
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tested. Specimens were subjected to a three-point bending test. The flexural modulus 

and the flexural strength of specimens of all three groups were statistically significant 

and concluded that the flexural modulus ofLucitone FRS was significantly higher than 

Valplast. Valplast was more flexible and less rigidthan Lucitone FRS. Flexural 

strength of SR Ivocap is comparable to that of Lucitone FRS but less than that of 

Valplast polyamide resin. 

R. Nirmala et al(28) examined the effect of solvent on the formation of high 

aspect ratio ultrafine polyamide-6fibers using an electrospinning technique. In this 

study, formic acid, dichloromethane, acetic acid, chlorophenol, 

hexafluoroisopropanol, and trifluoroacetic acid and their combination solvent system 

were used for the production of polyamide nanofibers. Formic acid and combinations 

such as formic acid/dichloromethane, formic acid/acetic acid, and formic 

acid/chlorophenol may causea clear dissolution of polyamide to form nanofibers by 

using electrospinning. Formic acid was the best solvent. 

Roodabeh Koodaryan et al(29) reported the effect of surface treatment on 

theshear bond strength of auto-polymerized resinto thermoplastic polyamide denture 

base polymer. Polyamide denture base resins do not provide sufficient bond strength 

to repair resins for fractured denture repair or bonding of dislodged denture teeth. In 

this studyeffect of surface modification by acetic acid on bond strength of relining 

resin on the polyamide denture base was examined.Three surface treatmentswere 

evaluated - control(no treatment), silica-coated, and acid-treated. Test materials were 

two auto-polymerized reline resins GC and Triplex resins. The base material was 

polyamide resin. The specimens were fabricated and subjected to shear bond strength 

test afterthermo-cycled for 5000 cycles. The bond strength values of Acid treated and 
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Silica coated were significantly higher. And concluded thatthe surface treatment of 

polyamide denture base materials with increased the shear bond to auto polymerized 

reline resin. 

Hamanaka et al(30) evaluated the shear bond strength of chairside reline resin 

to polyamides,polyethyleneterephthalate, polycarbonate, polymethylmethacrylate 

denture base resins. Surface treatments employed were sandblasting, 

dichloromethane,ethyl acetate, 4-META/MMA-TBBresin, sandblasting + 4-

META/MMA-TBB resin,  tribochemical silica coating, and tribochemical silica 

coating and 4-META/MMA-TBB resin then specimens were fabricated then stored in 

water for 4 months and thermocycled for 10,000 cycles.Shear bond strengths were 

evaluated. Shear bond strengths of reline resin to polyamides treated using air 

abrasion, dichloromethane, ethyl acetate, and control were the lowest. Polyethylene 

terephthalate copolymer treated with tribochemical silica coating and 4-

META/MMA-TBB resin showed the highest bond strength. A combination of silica 

coating and 4-META/MMA-TBB resin showed better bonding among all denture 

base resins. 

Ali Hafezeqoran et al(31)developed a new method to improve the bond 

strength of auto polymerizing reline resin to polyamide denture base resin by double-

layer deposition of (sol-gel) silica and N-2-(aminoethyl)-3-

aminopropyltrimethoxysilane (AE-APTMS). Acid-catalyzed hydrolysis of 

tetraethylorthosilicate (TEOS) results in the synthesis of silicasol. Polyamide 

specimens were fabricated and dipped in tetraethylorthosilicate (TEOS) and then 

specimens were exposed to ultraviolet light irradiation for 30 minutes with oxygen 

flow. UV-treated specimens were immersed in N-2-(aminoethyl)-3-
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aminopropyltrimethoxysilane (AE-APTMS) solution and then set aside for 24 hours 

at normal room temperature. Then specimens wereimmersed in the N-2-(aminoethyl)-

3-aminopropyltrimethoxysilane (AE-APTMS) solution.The surfacewas analyzed 

using Fourier transform infrared spectroscopy and atomic force microscopy. Base 

material was polyamide resin – Vertex ThermoSens, test materials were GC Reline 

hard, Triplex auto-polymerizing resin then thermocycledand then tested for shear 

bond strength usingthe universal testing machine. Polyamide with 

tetraethylorthosilicate and N-2-(aminoethyl)-3-aminopropyltrimethoxysilane coated 

specimen showed significantly higher shear bond strength with both reline resins and 

concluded that amino-functionalized silicacoating improves the bond between reline 

resin and polyamide denture base resin. 

Ovul kumbuloglu et al(32) reported thebond strength between denture reline 

resins and polyamide denture base resin and polymethylmethacrylate denture base 

resin aftervarious types of surface treatment methods.Base material was injection-

molded thermoplastic polyamide resin - Deflex and heat polymerized 

polymethylmethacrylate - Dura Dent. Test materials were hard relining resins GC 

Reline Hard, Dura Dent. Surface conditioning methods were control group, grinding 

with greenstone group, application of primer, Rocatec tribochemical system. Tensile 

bond strength was evaluatedafter thermocycling. Bond strength of relining resins was 

significantly higher topolymethylmethacrylate than to polyamide and concluded that 

the bonding of PMMA based auto-polymerized reline resins to polyamide-based 

thermoplastic resin or polymethylmethacrylate based denture base resins can be 

influenced by tribochemical coating. 
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 The current study was to evaluate the effect of surface treatments on the shear 

bond strength of a chairside reline resin to polyamide denture base resin. 

The following materials, instruments, and equipment were used for the study 

Materials used: 

1. Polyamide denture base resin material (FlexiFast- Sabilex, Argentina) (Fig. 

5) 

2. Chairside Reline Material (Ufi gel hard – Voco dental products Germany) 

(Fig. 9) 

3. Air abrasion with 110µm size alumina at 0.28MPa for 10seconds 

4. 100 grid silicon carbide paper 

5.  60% Formic acid + 7% Urea + 20% Calcium chloride + 13% Distilled 

water (Sigma Aldrich, India) (Fig.10) 

6. Silane coupling agent (Ultradent Products Inc) (Fig.11) 

7. 3D printing material (SprintRay Castable 2 - SprintRay) (Fig.2) 

8. Teflon tapes and Teflon tubes 

Equipments and Instruments used: 

1. Universal testing machine for shear bond strength test (Deepak poly plast, 

India) (Fig.12) 

2. Sabilex injection system 2AD (Sabilex, Argentina) (Fig.4) 

3. CATIA CAD Software V5-6R2016 (Dassault Systems) 

4. Moonray 3D printer (Sprintray, USA) with DentalCAD 2.3 software 

(ExoCAD, Germany) (Fig.2) 

5. DSLR Camera (Canon EOS 1300D - 18MP) 

6. Bard-Parker blade with a handle 
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7. Processing Flask (Sabilex, Argentina) (Fig.4) 

8. Lecron carver 

9. Wax knife 

Methodology: 

1. Preparation of specimens 

i. Preparation of polyamide specimen 

ii. Preparation of Acid for surface Etching  

iii. Preparation of bonding surface 

iv. Bonding of chairside reline material 

2. Evaluation of shear bond strength 

3.  Tabulation of the results 

4.  Statistical analysis 

1. Preparation of specimens: 

i. Preparation of polyamide specimen: 

 Specimens of dimension 10mm × 10mm cylinder were made using CAD 

software (Catia software version V5-6R2016)(Fig. 1) and 3D printed in Moonray 

3D printer(Fig. 2)using DentalCAD 2.3 software (ExoCAD). 3D printed wax 

specimens(Fig. 3) were subjected to conventional flasking and dewaxing 

procedures(Fig. 4,5). Then polyamide denture base resin cylinders (Sabilex- 

Flexifast) were fabricated using an injection molding system (Sabilex injection 

system 2AD) (Fig. 6). Amounting to a sample size of 70 specimens. 

ii. Preparation of Acid for surface Etching 

 A new acid formulation that was previously used for polyamide fabric 

treatment was used for this study, as there was no existing dental polyamide 
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surface treatment protocol. The new acid mixture preparation had the following 

formulation- Formic Acid (60%), Urea (7%), Calcium Chloride (20%) and 

Distilled water (13%) for dilution(Fig. 10). The prepared acid solution was stored 

in a Polypropylene container until use. 

iii. Preparation of bonding surface: 

                A total of 70 specimens were distributed in 7 groups with each group 

containing 10 specimens. All specimens were subjected to surface roughening 

with 100 grid silicon carbide paper on the surface to be bonded with chairside 

reline resin. Surface roughness values were noted before and after roughening 

with 100grid silicon carbide paper using a profilometer (Fig. 7,8). Then 

grouping was as follows: 

Group 1 - control (no surface treatment) 

Group 2 – Sand Blasted with 110µm Alumina at pressure 0.28 MPa for 10 

seconds at a distance of 10cm 

Group 3 – Coated with Silane coupling agent  

Group 4 – Acid-etched (30 minutes) 

Group 5 – Sand Blasted with 110µm Alumina at pressure 0.28 MPa for 10 

seconds at a distance of 10cm + Silane coupling agent coat 

Group: 6 – Acid-etched (30 minutes) + Silane coupling agent coat 

Group: 7 – Sand Blasted with 110µm Alumina at pressure 0.28 MPa for 10 

seconds at a distance of 10cm + Acid-etched (30 minutes) + Silane 

coupling agent coat 
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iv. Bonding of chairside reline material: 

 After surface treatments according to grouping, specimen surfaces that 

were surface treated were covered with Teflon tape except for a hole of diameter 

7mm in the middle. Then 5mm long Teflon tubes having inner diameter 5mm, 

outer diameter 6mm were cut and positioned on the exposed part of the polyamide 

specimen. These tubes were then filled with chairside reline auto polymerizing 

resin Material (Ufi gel hard – Voco dental products Germany) mixed in 1:3 ratio 

and then allowed to polymerize. After complete polymerization, the Teflon tapes 

and Teflon tubes were removed. Then the specimens were stored in distilled water 

for 24 hours before testing (Fig. 9) 

2. Evaluation of shear bond strength 

 The specimens were subjected to shear stress on a universal testing machine. 

Then shear bond strength was measured using a knife-edged blade at a crosshead 

speed of 0.5mm/min until failure and the resultant values were tabulated.  

3. Statistical analysis 

 The means and standarddeviations (SD) for the shear bond strength were 

calculated and statistically analyzed using a one-way analysis of variance (ANOVA) 

and Tukey HSD Post-Hoc test at a significance level of p0.05 using SPSS software 

version 21.0. The type of bond failure was determined after shear bond testing when 

thefractured specimen surfaces were examined using an optical microscope at 30x 

magnification. Failure modes were evaluated as A (adhesive failure at the polyamide - 

reline resin interface), C (cohesive failure at the polyamide - reline resin interface), M 

(mixed cohesive and adhesive failure at the polyamide - reline resin interface). 
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Fig. 1- Specimen design in CAD software (CATIA V5) 

 

Fig. 2- MoonRay 3D printer (Sprintray, USA) 
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Fig. 3- 3D Printed wax pattern 

 

 

Fig. 4- Sabilex injection system 2AD (Sabilex, Argentina) 
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Fig. 5- Polyamide denture base resin material (FlexiFast- Sabilex, Argentina) 
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Fig. 6- Polyamide Specimens  

 

 

 

Fig. 7- Roughness analysis using Profilometer 
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Fig.8- Profilometer- Roughness values before and after abrasion with 100grid 

silicon carbide paper 
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Fig.9- Voco Ufi Gel Hard- Chairside reline resin 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10- Distilled water, Formic acid, Urea, Calcium chloride 
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Figure 11- Ultradent Silane Coupling agent 
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Fig. 12- Universal Testing Machine 

 

 

 

 

 

 

 

Fig. 13- Universal testing machine- shear bond strength testing between 

polyamide and reline resin material 
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The results are tabulated in tables 1 to 3. The mean bond strength of the 

chairside reline resin to polyamide denture base resinfor all the groups is given in 

table 1.Mean bond strength for group 1(control), group 2(Sandblasted), group 3(Acid-

etched), group 4(Silane coated), group 5(Sandblasting + silane), group 6(Acid + 

silane), group 7(Sandblasting + acid + silane) were obtained as 2.579 MPa, 2.58 MPa, 

2.163 MPa, 2.396 MPa, 2.255 MPa, 2.004 MPa,2.05 MPa respectively. Mean bond 

strength for Group2 (Sandblasted) was highest among all the groups tested with 2.58 

MPa and the lowest was group 6 (Acid + silane) with 2.004 MPa. 

The descending order of mean bond strength for all 7 groups are as follows: 

Group2 (Sandblasted) > Group 1 (control) > Group 4 (Silane application) > Group 5 

(Sandblasting + silane) > Group 3 (Acid etched) > Group 7 (Sandblasting + acid + 

silane) > Group 6 (Acid + silane).  

Table 2 shows the mean bond strength with a 95% confidence interval, using 

one-way (ANOVA)analysis of variance. The difference is found to be statistically 

significant (p0.001). 

Table 3 shows the intergroup comparison of mean bond strength done using 

Tukey’s post hoc test. The highest mean difference was found between Group 1 and 

Group 6 (0.57 MPa), and the lowest was found between Group 3 and Group 4 (-0.23 

MPa). All the mean values were statistically significant with P = 0.05. 

Statisticallysignificant differences were found betweenGroup 1 and 6 (0.01), group1 

and 7 (0.03), group2 and 6 (0.01), group2 and 7 (0.03), group6 and 1 (0.01), group6 

and 2 (0.013).  
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Graph 1 compares the mean bond strength for all three groups. It is observed 

that Group 6 (Acid + silane) showed the least amount of bond strength while Group 2 

(Sandblasting) showed significantly higher bond strength. 

Table- 1 - mean bond strength 

Surface Treatments Mean SD Failure mode 

C/M/A 

Control 2.579 0.15  

 

 

Adhesive 

failure 

 

Sandblasting 2.58 0.64 

Acid etching 2.163 0.19 

Silane application 2.396 0.3 

Sandblasting + silane 2.255 0.24 

Acid + silane 2.004 0.22 

Sandblasting +  acid + 

silane 

2.05 0.49 

 

Graph l – MEAN BOND STRENGTH 
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Table 2 – ANOVA(one-way analysis of variance) test results 

Groups N Mean 
Std. 

Deviation 

Std. 

Error 

95% Confidence 

interval for 

Mean Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

Control 10 2.57 0.15 0.04 2.47 2.68 2.38 2.85 

Sandblasting 10 2.58 0.64 0.20 2.11 3.04 1.87 3.90 

Acid Etching 10 2.16 0.19 0.06 2.02 2.30 1.95 2.54 

Silane Application 10 2.39 0.30 0.09 2.17 2.61 1.86 2.80 

Sandblasting 

+Silane 

10 2.25 0.24 0.07 2.07 2.43 1.90 2.58 

Acid + Silane 10 2.00 0.22 0.07 1.84 2.16 1.61 2.37 

Sandblasting+Acid 

+ Silane 

10 2.05 0.49 0.15 1.69 2.40 1.15 2.80 

Total 70 2.29 0.41 0.04 2.19 2.38 1.15 3.90 

 

 Sum of 

the square 

 

df 

Mean 

square 

 

F 

 

Significance 

Between groups 3.346 6 0.558 4.193 0.001 

Within groups 8.378 63 0.133 

Total 11.724 69    
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Table 3- Post Hoc – Tukey HSD test results 

Group(I) 

Group(J) Mean 

difference 

(I-J)  

Std. 

Error 

95% 

Confidence 

interval 

Significance 

Lower 

Bound 

Upper 

Bound 

Control sandblasting -0.0009 0.16 - 0.49 0.49 1.00 

 Acid etching 0.41 0.16 - 0.08 0.91 0.16 

 Silane 

application 

0.18 0.16 - 0.31 0.67 0.91 

 Sandblasting + 

Silane 

0.32 0.16 - 0.17 0.82 0.43 

 Acid + silane 0.57 0.16 0.07 1.07 0.01 

 Sandblasting + 

Acid + Silane 

0.52 0.16 0.31 1.02 0.03 

Sandblasting Acid etching 0.41 0.16 - 0.08 0.91 0.158 

 Silane 

application 

0.18 

 

0.16 - 0.31 0.68 0.91 

 Sandblasting + 

Silane 

0.32 

 

0.16 - 0.17 0.82 0.43 

 Acid + silane 0.57 0.16 0.07 1.07 0.01 

 Sandblasting + 

Acid + Silane 

0.52 0.16 0.03 1.02 0.03 
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Acid etching Silane 

application 

-0.23 0.16 - 0.72 

 

0.26 

 

0.78 

 

 Sandblasting + 

Silane 

-0.09 0.16 - 0.58 0.40 0.99 

 Acid + silane 0.15 0.16 -0.33 0.65 0.95 

 Sandblasting + 

Acid + Silane 

0.11 0.16 -.38 0.60 0.99 

Silane 

application 

Sandblasting + 

Silane 

0.14 0.16 - 0.35 0.63 0.97 

 Acid + silane 0.39 0.16 - 0.10 0.88 0.21 

 Sandblasting + 

Acid + Silane 

0.34 0.16 - 0.15 0.84 0.35 

Sandblasting 

+ Silane 

Acid + silane 0.25 0.16 - 0.24 0.74 0.72 

 Sandblasting + 

Acid + Silane 

0.20 0.16 - 0.29 0.70 0.86 

Acid + silane Sandblasting + 

Acid + Silane 

- 0.04 0.16 - 0.54 0.45 1.00 

 

Mean difference is significant at 0.05 level 
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There is a rapid growth of aging populations in the current scenario 

worldwide, this concomitant increase of denture wearers has fuelled the search for 

new polymers as alternatives to conventional acrylic resin dentures with cast metal 

clasps. The use of new denture base materials such as polyamide has arisen with a 

view to circumventing current problems associated with the use of metal clasps such 

as poor aesthetics resulting from metal exposure and the risk of metal allergy. 

Besides, nylon denture base polymers gained popularity and acceptance in clinical 

practice as denture base materials because of a diverse range of advantageous 

characteristics: their high elasticity helps to overcome problems stemming from 

dimensional changes during polymerization and the use of chemical polymerization 

averts the problem of non-polymerized, residual monomers. 

It has been reported that despite slightly lower color stability when compared 

with conventional denture base materials, nylon polymer could adequately provide the 

strength required for denture bases while maintaining high elasticity. 

The next step was to investigate if polyamide dentures can be repaired and/or 

adjusted using auto polymerizing resins. It has been reported that it is difficult to 

reline polyamide dentures because the chemical structure of polyamide is different 

from the chemical structure of Polymethyl methacrylate (PMMA) based chairside 

auto polymerizing reline resins. 

  Therefore, the objective of this study was to evaluate the effect of 

Sandblasting, Silane application, Acid etching and various combinations of surface 

treatments on the shear bond strength between a chairside reline resin and polyamide 

denture base resin. 
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In the present study, the shear bond strength between a chairside reline resin 

and polyamide denture base resin using various surface treatments were evaluated. 

Polyamide denture base resin as base material and the test material was chairside auto 

polymerizing reline resin material.  

Polyamides are produced by condensation reaction between the diamine NH2–

(CH2)6–NH2 and dibasic acid CO2H–(CH2)4–COOH3). Polyamide is a semi-

crystalline polymer, and therefore highly resistant chemicals and heat. But it has been 

reported by Samuel Hocker et al, that weaker acids such as acetic, propanoic, and 

butanoic acids affect the polyamide surface by acid hydrolysis(21). It has been reported 

by Ippei Hamanaka et al, that the application of ethyl acetate improved bond strength 

of resins(12). Certain solvents, such as chloroform, formic acid,  acetone, and 

methylene chloride (dichloromethane) has been shown to improve adhesion with 

polyamide. It has been shown that 4-META/MMA-TBB resin improves the bond 

between reline resin and polyamide resin. Katsumata et al reported that the Rocatec 

Tribochemical system improves adhesion of reline resin and polyamide resin(11). A 

combination of tribochemical and 4-META/MMA-TBB resin applications showed an 

improved bond of about 16.41 Mpa (thermocycled) and 13.18 Mpa (not 

thermocycled).  

On contradiction, Hamanaka et al reported that tribochemical silica coating 

showed less bond strength of about 5.8Mpa. In another study, Hamanaka et alstated 

tribochemical + silane showed values of about 14.68Mpa between Lucitone FRS 

polyamide-based thermoplastic resin andchairside auto-polymerized relining resin and 

13.41 ± 1.74 Mpa of bond strength was found between Valplast and chairside auto-

polymerized relining resin(30).  
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 Dissolution of polyamide by a solvent made by a mixture of acids - Formic 

Acid, urea, calcium chloride and distilled water for dilution has been reported by 

Mostafa Jabbari et al, 

Kris Behler et al reported a solvent for dissolution of polyamidemade by a 

mixture of acids such as Formic Acid and dichloromethane(19). 

Hence in the present study surface treatments such as sandblasting, silane 

coupling agent application, acid etching by solvent made by a mixture of acids such 

as Formic Acid, urea, calcium chloride, and distilled water, and their combinations 

have been evaluated. 

The bond strength between polyamide and chairside auto polymerizing reline 

resin material was tested after various surface treatments such as sandblasting, silane 

coupling agent application, acid etching, and their combinations. The shear bond 

strength was tested in a universal testing machine using a knife-edged blade at a 

crosshead speed of 0.5mm/min until failure. Shear bond strength values were obtained 

and the results were tabulated. The results were statisticallyanalyzed.  

In the present study, acid etching was performed by using solvent made by a 

mixture of acids such as Formic Acid, urea, calcium chloride and distilled water. And 

the acid application was done for about 30minutes and then rinsed with distilled 

water. It has been reported that the dissolution polyamide by solvent can be made by a 

mixture of acids such as Formic Acid, urea, calcium chloride and distilled water by 

Mostafa Jabbari et al(18). 

But the mean bond strength of group 3(Acid etching) was just 2.163 Mpa. And 

its combination group 6(Acid + silane) and group 7(Sandblasting + acid + silane) 

showed 2.004 Mpa,2.05 Mpa respectively. 
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Yuki Katsumata et al(11) reported that silane application improved bond 

strength of auto polymerizing resin to polyamide denture base resin with Rocatec 

system, but in present study, there was no improvement in shear bond strength 

between polyamide denture base resin and chairside reline resin material after surface 

treatments with silane and its combinations Silane application, Sandblasted + silane, 

Acid + silane, Sandblasted + acid + silane whose results were 2.396 Mpa, 2.255 Mpa, 

2.004 Mpa, 2.05 Mpa respectively. 

The null hypothesis was rejected as a statistically significant difference was 

seen. The null hypothesis is that there is no significant improvement in shear bond 

strength between polyamide denture base resin and chairside reline resin material 

after different surface treatments.But the results of the mean shear bond strength of all 

groups were not enough to produce successful relining with polyamide denture in the 

clinical situations.  

Within the limitations of the study shear bond strength was calculated and, 

mean bond strength for Sandblasted (Group 2) was highest among all the groups and 

lowest was Acid + silane (Group 6), which showed statistically significance. 
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 Polyamide denture base resins are used as alternative for polymethyl 

methacrylate denture base resins in situations like monomer or metal allergy. But 

relining and repair of polyamide dentures with chairside reline resins have always 

been difficult due to poor bonding between polyamide and methacrylate resins. The 

aim of this study is to improve bond between polyamide and chairside reline resin by 

employing certain surface treatments. Surface treatments such as sandblasting, silane 

application, acid etching and their combinations are used to test bond between 

polyamide and chairside reline resin. Test specimen surface treatments were done as 

per the assigned grouping, chairside reline resin applied and subjected to shear bond 

strength testing using universal testing machine. Then values were tabulated and 

statistically analyzed. Results showed that sandblasting, silane application, acid 

etching and their combinations didn’t improve the bond strength between polyamide 

and chairside reline resin. 
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 This in-vitro study was conducted to evaluate the effect of different types of surface 

treatments on the shear bond strength between a chairside reline resin and polyamide 

denture base resin. Within the limitations of the study the following conclusions were 

drawn: 

1. Air abrasion,Silane coupling agent, Acid etching, and their combinations 

didn’t improve the shear bond strength between polyamide denture base resin 

and chairside reline resin material 

2.  sandblasting showed slightly better bond strength but there is no statistical 

significance 

3. Acid + silane and sandblasting + acid etching + silane showed the lowest bond 

strength with statistical significance 

4. Clinical reline of polyamide denture base resin with methacrylate resin is 

proved difficult. 

5. More studies with varied surface treatments are needed. 

6. Development of newer resins to be considered for relining polyamide. 
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