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Abstract - This study evaluated shear bond strength between Molloplast-B and different acrylic surfaces; smooth 
(group1), rough (group2) and Stick net fibre-reinforced interfaces (group 3).  Shear tests were conducted with a 
universal testing machine. Bond failure categories were adhesive, cohesive and mixed failures. Mean bond strengths 
(SD) in MPa were Group 1, 0.59 (0.08); Group 2, 0.61 (0.08) and Group 3, 0.70 (0.09). There was statistically 
significant difference (p ≤ 0.05) between group 3 and group 1 only.  Modes of failure were different; mixed and 
cohesive only exhibited. StickTech Net fibre-reinforced surfaces exhibited stronger bond to Molloplast-B over non-
reinforced interfaces, indicating promising clinical implications.
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INTRODUCTION

In many acrylic and dental prostheses soft liners are 
bonded to the fitting surfaces serving different functions. 
They are used to enhance the fit, retention, and comfort 
of acrylic dentures, to release pressure of the super facial 
nerve in cases of prominent facial nerves in heavily re-
sorbed ridges 1, 2, to retain the prostheses as in obturators 
3-6. Also they can be used over bar attachments retaining 
the prosthesis as in overdentures 7-9. There are different 
types of liners: silicone based, acrylic based and tissue 
conditioners 10.

Acrylic prostheses are reported to have many problems 
with silicone liners, such as low tear strength, porosity, 
water absorption, and softness with time11. The main 
problem of the liners is lack of a long, sustainable bond 
with the acrylic surfaces, resulting in frequent debonding 
from the denture during clinical use 12-14. For a long lasting 
prosthesis, the lining material should remain resilient, and 
well adhered to the acrylic base 1, 15-17.

Another important case of needing a strong bond of 
silicones to acrylic bases is in facial prostheses. Body 
secretions, growth of organisms, and aggressive cleaning 
of the prosthesis may reduce its longevity and silicone 
may delaminate partially or completely from the retentive 
acrylic matrix 17, 18.  

Many attempts were made to improve the bond strength 
between the liners and the acrylic substrates. They included 
alternating the acrylic surfaces by creating roughness at 
the interface using laser 19, 20, alumina abrading 21, chemical 
etching 22, using an acrylic bur 23, or by using a primer to 
increase the bond strength 24. The results were inconclusive 
and sometimes contradictory. Such indefinite results were 
due to variations in materials being tested 24, 25, geometry 
of the bond interface, and the types of test followed 16.

Many tests have been conducted to test the bond strength 
between PMMA denture bases and resilient materials, 
such as tensile tests 20, 26, tensile and shear tests 25, and 
peel tests 17, 18. 

The bond failures can be either adhesive, which results 
in the complete separation of the liner from acrylic, or 
cohesive which results in tearing the lining material itself, 
with no bond separation, or mixed in which parts of the 
liner are still adhered to the bond interface.

Another aspect of the acrylic based prostheses problem 
is the low impact strength of acrylic materials. Many at-
tempts have been carried out to repair the fractures and 
reinforce acrylic structures utilizing different materials like 
metal wires 27, fibres of polyethylene 28, and glass fibres 
29. When light cured unidirectional and woven fibre-rein-
forced composites were used to repair fractured acrylic 
resin dentures, it was reported that the impact strength 
of heat cured complete dentures resins, was increased. 
That was by a factor more than 2, when the complete 
dentures are reinforced using fibres of preimpregnated 
woven E-glass 30.

Nowadays, the uses of glass fibres (e.g., StickTech fibres) 
have the potential of forming good chemical bond with 
the acrylic matrix, and fibres can be cured along the acrylic 
resin 31. This lead to their use in repairing prostheses 
made out of acrylic resins including removable complete 
and partial dentures, palatal obturators, and  retainers for 
orthodontic treatment 32. 

Many studies have examined the bond strength between 
liners and the heat cured acrylic materials, but no infor-
mation is available in the literature about bond strength 
between silicones (whether in the form of liner or facial 
prosthesis) and fibre-reinforced acrylic interfaces. 

The null hypothesis for the present study was that there is 
no statistical difference in the average shear bond strength 
of Molloplast-B bonded to acrylic interfaces of different 
geometries (smooth, rough, and  Net-fibre reinforced 
interfaces).
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MATERIALS AND METHODS

Fabrication of the specimen was conducted into two stages; 
the first one was fabricating the acrylic parts, followed 
by bonding the Molloplast-B to them.  Brass moulds 
(specimens holders) (Ф= 14 mm) were used to prepare 
all the acrylic parts of the test specimens. The powder and 
monomer of acrylic were mixed according to manufacturer 
instructions (2.34 gm/1 ml) (powder/liquid ratio).  Brass 
moulds were placed over a flat surface, and a roll of the 
dough mix was inserted into each one. A flat metal plate 
was placed over the top of each mould to compress the 
acrylic resin. The moulds were placed within a pneumatic 
press, and acrylic was compressed at 50 bars for 5 min. 
Then the moulds were secured in a clamp, and transferred 
to a water bath curing unit. A long curing cycle with of 6.5 
h duration was followed.

When the curing finished, clamps were opened, moulds 
were released from the metal surfaces, and acrylic flash 
over the brass moulds rims was trimmed. The acrylic 
level was checked to be at the same level of the mould 
rim Figure 1.  

43 specimens of smooth acrylic surfaces were obtained. 20 
specimens were progressed to the second step of fabricat-
ing the soft polymer. The other 23 specimens with smooth 
acrylic surfaces were roughened using an acrylic bur.

The head of the bur was moved over the acrylic surface 
using light pressure. Then it was rotated at a speed of 
10X (x = 1000 rpm). Interlocking circles were made in a 
clockwise direction until the whole surface was rough and 
the acrylic gloss disappeared.

This technique was adopted after trying many modes to 
create some roughness on acrylic surfaces similar to that 
being created by the application of Stick Net Fibres. 

Regarding the fabrication of specimens of net fibre-
reinforced interfaces, acrylic surfaces were reinforced at the 
interfaces by placing circular sheets of the net fibres (Ф= 
14 mm) over the acrylic surfaces when the acrylics were 
pressed in the pneumatic press. Specimens were cured in 
the curing unit, following the same parameters mentioned 
previously and 24 specimens of fibre-reinforced interfaces 
were obtained.

Two consecutive brushes of primo adhesive were brushed 
over the acrylic surfaces and left for 90 min before 
proceeding to bond the silicone. Teflon disks (PTFE) 
(external Ф = 18 mm, internal Ф = 8 mm, thickness = 3 
mm) were prepared. The disks acted as moulds for packing 
the soft lining Molloplast-B into them. 

For each sample, a small amount of Molloplast-B was taken 
from the container and placed in the disk, and immediately 
it was pressed against the acrylic surface. Gloves were 
worn, so that hands did not contaminate the lining material. 
Flat metal surfaces covered the outer surface of the disks, 
to press on the Molloplast-B.

The brass moulds along, with the lining materials, were 
inserted between the two grips of a pneumatic press. They 
were pressed at 5 bars for 5 min, and then the moulds were 
fixed in clamps, and inserted into water bath. The curing 
cycle was the same normally followed in curing Molloplast-
B in Manchester Dental Hospital, UK. The duration of the 
cycle was 6.5 h.

The specimen fabrication procedure is shown in Figure 2. 
Micrographs of net fibres bonded to Molloplast-B, acrylic 
surfaces and the roughness created on the acrylic surfaces 
are present in Figure 3.

Specimens were stored in an incubator at a fixed 
temperature of 37 ºC ± 1ºC  for 24 h and then the shear 
bond test was performed Table 1. 

The test jig was designed according to the ISO/TR 
11405:1994(E) 33. It was installed on a Universal Testing 
Machine (Zwick/Roell, Z 020) and the shear test was per-
formed at 2 mm/min Figure 4. The lining material projected 
through the sliding part of the apparatus, which in turn 
transformed the compression force from the load cell of 
the Universal Testing Machine, into a shear force at the 
interface between the two bonded materials.

The bond strength was calculated by the following formula 
(S= F/A), where   F= Maximum force and A= cross section 
area.

Bond strength values were analysed (p≤0.05) using One-
way Analysis of Variance (ANOVA), and Bonferroni post 
hoc tests (SPSS14, Chicago, USA). Modes of failure were 
recorded by two trained investigators. Interobserver 
agreement was statistically analysed (p≤ 0.05) using Kappa 
test (SPSS14, Chicago, USA). 

RESULTS

Means (SD) of shear bond strengths for the groups were: 
0.59 (0.08), 0.61 (0.08) and 0.70 (0.09) for the smooth, 
rough and fibre-reinforced interfaces respectively. Net-
fibre reinforced acrylic interface exhibited statistically 
significantly higher bond strength value when compared 
to smooth acrylic interface (p ≤ 0.05) Figure 5.

Modes of failure are presented in Table 2. A Kappa value 
of 0.746 (Table 3) indicated a substantial inter-observer 
agreement in defining modes of failure. Cohesive failure 
was predominantly present among all interfaces followed 
by mixed failures (60 and 7 respectively).  

Figure 1.  The cured acrylic at the interface.
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Figure 2.   Steps of packing the liner. Acrylic interface prepared (A). The disk was placed over the brass rim (B). Molloplast-B was packed inside the 
disk (C), and the specimen after curing (D).

A B

C D

Figure 3.  Images of Net fibres bonded to the liner (A), the acrylic surface (B), and the roughness created at the acrylic surface after peeling off 
the Net fibres (C). 

                                   
C

BA



119

FIBRE REINFORCEMENT ENHANCES BONDING OF SOFT LINING TO ACRYLIC DENTAL AND MAXILLOFACIAL PROSTHESES

Table 1.  Groups of the study.

Group n Acrylic interface Conditioning 

1 20 Smooth

 37 °C /24 h2 23 Rough

3 24 Net Fibre- reinforced

Table 2.  Modes of failure presented at bond interfaces

Group Mode of failure Total

Adhesive Cohesive Mixed

Smooth interfaces 0 16 4 20

Rough interfaces 0 20 3 23

Fibre-reinforced interfaces 0 24 0 24

Table 3.  Analysis of interobserver agreement in identifying modes of failure.

Value Asymp. Std. Error(a) Approx. T(b) Approx. Sig.

Measure of Agreement Kappa 0.746 0.139 6.362 0.000

N of Valid Cases 68    

A B
Figure 4.  Shear bond jig used (A) (the sliding part between the two arrows). A specimen fixed into the specimen holder (B).

DISCUSSION

The shear test was utilized to measure the bond strength 
of Molloplast-B bonded to heat cured fibre-reinforced 
and non reinforced PMMA acrylic interfaces. The average 
bond strengths for all groups in MPa, from groups 1 to 3 
were as following: 0.59, 0.6 1, and 0.70 MPa.  Molloplast-B 
lining material had sufficient bond strength ( > 0.44 MPa) 
to different interfaces of heat cured PMMA acrylic, which 
made it clinically applicable according to published studies 
34, 35.  Rough acrylic interfaces gave improved bond strengths 
with Molloplast-B in relation to smooth interfaces, but the 
increase was not statistically significant (p ≤ 0.05). This re-
sult is in agreement to some studies 20, 34, 37, but not others 
14.   Rough interfaces were produced using an acrylic bur 
in a controlled manner, and a primer adhesive was brushed 

over the acrylic interfaces. The adhesive was to increase 
the chemical bond of soft liner to the acrylic structure 36. 
This technique was standardized for all rough specimens, 
and was adopted in some previous studies 16, 23. 

The increase in bond strength of rough acrylic interfaces 
related to smooth interfaces is readily understood as due 
to micro-mechanical interlocking between the liner and 
surf ace irregularities. The disagreement with the work of 
Amin et al.14 may be due to the technique of sandblasting 
with 250

um
 aluminium oxide. It may also be due to dif-

ferent types of acrylic material since bond strength varies 
between acrylic resins 24 .

Samples of Molloplast-B bonded to Net fibre-reinforced 
acrylic interfaces gave improved bond strength in 
comparison to both smooth and rough acrylic interfaces. 
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The increase was significant (p ≤ 0.05) when compared 
to smooth interfaces only. The fibres have a woven shape 
(net) and are applied directly at the bond interface, a primer 
adhesive was brushed over them and the liner was bonded 
to the interface. The change in the topography of the bond 
interface; by the presence of the fibres (creating different 
type of roughness), along with the chemical adhesion of 
the primer lead to the increase in bond strength. But this 
increase was statistically significant only when compared 
to the smooth and not to roughened acrylics. 

Fibres are used to increase the impact strength of heat 
cured acrylic bases 38, 39. They have the advantages of ex-
cellent aesthetics, being non-invasive, and having a good 
bond strength with the surrounding matrix 32. 

In comparing the modification of net fibres at the interface 
to the roughness technique, net fibres were easily applied 
at the bond interface, reinforcing the acrylics and increasing 
the bond strength with the liner, while roughening was 
time consuming, not feasible when the acrylic base is thin 
(in limited interocclusal spaces), and this may weaken the 
acrylic structure.  

Modes of failure exhibited at debonding sites

The mode of failure for all acrylic interfaces was mainly 
cohesive within the Molloplast-B material, while group 1 
and 2 specimens exhibited mixed failures, where a super-
ficial layer of liner adhered to the bond interface. Cohesive 
failure means that the bond strength of the lining material 
to the acrylic interface is stronger than the tensile strength 
of the lining material itself 41.

This result agreed with other studies of bonding  3 mm 
thickness of Molloplast-B liner to acrylics which show 

mainly cohesive and some mixed failures 16. This differed 
from studies indicating entirely cohesive failures within 
the silicone liner 15, or entirely adhesive failures 40. Such 
disagreements may relate to differences in experimental 
designs.  

The presence of net fibres at the bond interface caused all 
specimens to exhibit cohesive failure only, which means 
that no separation of the liner from the net-interfaced 
acrylic occurred and tearing happened within the liner. 
Consequently, the effective bond strength between Stick-
tech Net fibre-reinforced acrylic bases and silicone was 
improved.

CONCLUSIONS

1. Molloplast-B soft-lining exhibited stronger bond to 
StickTech Net fibre-reinforced PMMA acrylic surfaces 
than to non-reinforced acrylic surfaces, with either 
smooth or rough finishes.

2. All of the acrylic interfaces evaluated had clinically ac-
ceptable mean bond strengths greater than 0.44 MPa.

MANUFACTURER’ DETAILS

• Minacryl Universal (heat cured denture base acrylic 
powder). Batch number A1572B-1. Minerva Dental 
limited, Cardiff, UK. 

• Minacryl Universal (Heat cured liquid). Batch number 
L 717-B. Minerva Dental limited, Cardiff, UK.

• Molloplast –B (Heat cured silicone lining material). Batch 
number 050418. DETAX Gmbh & Co. KG,Ettlingen, 
Germany. 

Figure 5.   Grouped bar chart with error bars showing the bond strengths and statistical significances 
presented between groups.
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• Primo adhesive (solvent based adhesive for heat cured 
denture silicone liners). Batch number 050501.DETAX 
Gmbh & Co. KG, Ettlingen, Germany. 

• Everstick Net (Glass fibres). Batch number AA 00115, 
2050628-EN-081. StickTech, Turku, Finland. 

• Pneumatic press. Skillbond Limited, High Wycombe, UK.

• Water-bath heat curing unit (DEROTOR). Eclipse, dental 
Manf, Worthing, UK.

• Micro-motor. W&H Dental Werk,BÜRMOOS, GmbH, 
Germany. 

• Acrylic bur (steel cutter). Skillbond limited, High Wy-
combe, UK.

• Zwick Universal Testing Machine. Zwick Testing Ma-
chines, Leominster, UK.

• Shear test jig. Manchester medical school engineering 
workshop, Manchester, UK.
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E-mail: muhanad.hatamleh@manchester.ac.uk

REFERENCES

1. Craig, R.G., J.M. Powers, and J.C. Wataha, Dental materials : prop-
erties and manipulation In: St. Louis: Mosby, 2004; p. 284-287.

2. Todd, R. and J. Holt. A Kennedy class I removable partial denture 
with a resilient liner. J Prosthet Dent. 1987; 57:247-9.

3. Ohyama , T., H.O. Gold , and Pruzansky. Maxillary obturator 
with silicone- lined hollow extension. J Prosthet Dent. 1975; 
34:336-341.

4. Murray, C.G. A resilient lining material for the retention of maxil-
lofacial prostheses. J Prosthet Dent. 1979; 42:53-7.

5. Anwar, M. Basic types of obturators used after oral resection. The 
Journal of the british institute of surgical technologists. 1989; 2:11-7.

6. Rowe, N.L. and J.L. Williams, Face:Humans Injuries. In    J.L. 
Williams, Editor: Rowe and williams' Maxillofacial Injuries. Ed-
inbrgh, london, Madrid, Melbourne, Newyork, Tokyo: Churchil 
Livingstone, 1994; p. 991-998.

7. Adrian, E.D., W.A. Krantz, and J.R. Ivanhoe. The use of processed 
silicone to retain the implant-supported tissue-borne overdenture. 
J Prosthetic Dentistry. 1992; 67:219-22.

8. Kiat-Amnuay, S., Z. Khan, and L. Gettleman. Overdenture reten-
tion of four resilient liners over an implant bar. J Prosthet Dent. 
1999; 81:568-73.

9. Shaygan, F., Z. Khan, and I. Gettleman. Retention and longevity 
of resilient denture liner in implant overdentures. J Dent Res. 
1993; 72 :272 

10. McCabe, J.F. and A.W. Walls, Denture Lining Materials. In    J.F. 
McCabe, Editor: Applied dental materials. Oxford: Blackwell 
Science, 1998; p. 108-114.

11. Grant, A.A., J.R. Heath, and J.F. McCord. Complete Prosthodontics:  
Problems, Diagnosis and Management. London: Mosby-Wolfe. 
1994; 117-119.

12. Emmer, T.J., Jr., T.J. Emmer, Sr., J. Vaidynathan, and T.K. Vaidy-
nathan. Bond strength of permanent soft denture liners bonded 
to the denture base. J Prosthet Dent. 1995; 74:595-601.

13. Bates, J.F. and D.C. Smith. Evaluation of Indirect Resilient Liners 
for Dentures: Laboratory and Clinical Tests. J Am Dent Assoc. 
1965; 70:344-53.

14. Amin, W.M., A.M. Fletcher, and G.M. Richie. The nature of the 
interface between polyethyl methacrylate denture base materials 
and soft lining materials. Dent Mater. 1982; 9:336-46.

15. Kulak-Ozkan, Y., A. Sertgoz, and H. Gedik. Effect of thermocycling 
on tensile bond strength of six silicone-based, resilient denture 
liners. J Prosthet Dent. 2003; 89:303-10.

16. Al-Athel, M.S. and R.G. Jagger. Effect of test method on the bond 
strength of a silicone resilient denture lining material. J Prosthet 
Dent. 1996; 76:535-40.

17. Taft, R.M., S.M. Cameron, R.C. Knudson, and D.A. Runyan. The 
effect of primers and surface characteristics on the adhesion-
in-peel force of silicone elastomers bonded to resin materials. J 
Prosthet Dent. 1996; 76:515-8.

18. Deng, H.Y., S. Zwetchkenbaum, and A.M. Noone. Bond strength 
of silicone to polyurethane following immersion of silicone in 
cleaning solutions. J Prosthet Dent. 2004; 91:582-5.

19. Jacobsen, N.L., D.L. Mitchell, D.L. Johnson, and R.A. Holt. Lased 
and sandblasted denture base surface preparations affecting 
resilient liner bonding. J Prosthet Dent. 1997; 78:153-8.

20. Usumez, A., O. Inan, and F. Aykent. Bond strength of a silicone 
lining material to alumina-abraded and lased denture resin. J 
Biomed Mater Res B Appl Biomater. 2004; 71:196-200.

21. Takashi, Y. Assessment of shear bond strength between Three 
denture reline materials and a denture Base Acrylic Resin. Int J 
Prosthodont. 2001; 14:531-535.

22. Sarac, D., S. Sarac, T. Basoglu, O. Yapici, and E. Yuzbasioglu. 
The evaluation of microleakage and bond strength of a silicone-
based resilient liner following denture base surface pretreatment. 
J Prosthet Dent. 2006; 95:143-51.

23. Jagger, R.G., M.S. Al-Athel, D.C. Jagger, and R.W. Vowles. Some 
variables influencing the bond strength between PMMA and a 
silicone denture lining material. Int J Prosthodont. 2002; 15:55-8.

24. Kutay, O., T. Bilgin, O. Sakar, and M. Beyli. Tensile bond strength 
of a soft lining with acrylic denture base resins. Eur J Prosthodont 
Restor Dent. 1994; 2:123-6.

25. Polyzois, G.L. and M.J. Frangou. Bonding of silicone prosthetic 
elastomers to three different denture resins. Int J Prosthodont. 
2002; 15:535-8.

26. Aydin, A.K., H. Terzioglu, A.E. Akinay, K. Ulubayram, and N. 
Hasirci. Bond strength and failure analysis of lining materials to 
denture resin. Dent Mater. 1999; 15:211-8.

27. Vallittu, P.K. and V.P. Lassila. Reinforcement of acrylic resin 
denture base material with metal or fibre strengtheners. J Oral 
Rehabil. 1992; 19:225-30.

28. Ladizesky, N.H., C.f. Ho, and T.W. Chow. Reinforcement of 
complete denture base with continuous high performance 
polyethylene fibres. J Prosthet Dent. 1992; 68:934-939.

29. Solnit, G.S. The effect of methyl methacrylate reinforcement with 
silane-treated and untreated glass fibers. J Prosthet Dent. 1991; 
66:310-4.

30. Kim, S.H. and D.C. Watts. The effect of reinforcement with woven 
E-glass fibers on the impact strength of complete dentures fabricated 
with high-impact acrylic resin. J Prosthet Dent. 2004; 91:274-80.

31. Fereilich, M.A. and J.C. Meiers. Fiber-reinforced composite 
prostheses. Dent Clin North Am. 2004; 48:viii-ix, 545-62.

32. Fereilich, M.A., J.C. Meiers, J.P. Duncan, and J.A. Golberg. Fibre 
reinforced composites: Quintessence Publishing 2000; 9-19, 73-75, 
93-94, 98-100.

33. International Organization for Standardization ISO TR 11405 
Dental Materials - Guidance on testing adhesion to tooth 
structure. 1994: Geneva, Switzerland.

34. Craig, R.G. and P. Gibbons. Properties of resilient denture liners. 
J Am Dent Assoc. 1961; 63:382-90.

35. Pinto, J.R., M.F. Mesquita, G.E. Henriques, and M.A. de Arruda 
Nobilo. Effect of thermocycling on bond strength and elasticity of 
4 long-term soft denture liners. J Prosthet Dent. 2002; 88:516-21.

36. McMordie, R. and G.E. King. Evaluation of primers used for 
bonding silicone to denture base material. J Prosthet Dent. 1989; 
61:636-9

37. Jagger, D. Complete dentures : problem solving London: British 
Dental Association. 1999; 39-42.

38. Kanie, T., K. Fujii, H. Arikawa, and K. Inoue. Flexural properties 
and impact strength of denture base polymer reinforced with 
woven glass fibers. Dent Mater. 2000; 16:150-8.

39. Vallittu, P.K. A review of fiber-reinforced denture base resins. J 
Prosthodont. 1996; 5:270-6.

40. Pinto, J.R., M.F. Mesquita, M.A. Nobilo, and G.E. Henriques. Evalu-
ation of varying amounts of thermal cycling on bond strength 
and permanent deformation of two resilient denture liners. J 
Prosthet Dent. 2004; 92:288-93.

41. Braden, M., P.S. Wright, and S. Parker. Soft lining materials - a 
review. Eur J Prosthodont Restor Dent. 1995; 3:163-74.


