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Introduction
Acrylic resin removable dentures are susceptible to
fracture after periods of clinical use [1]. There are
many predisposing clinical factors for denture frac-
tures [2-5]. Biting and mastication forces have a
deforming effect during function; any factor that
increases the deformation of the base and changes
the stress distribution may lead to denture fracture
[2]. Midline fracture as a result of bending of com-
plete dentures in the mouth is a frequently encoun-
tered problem [2,6].

The material most commonly used for fabricat-
ing removable partial and complete dentures is
heat-cured polymethylmethacrylate (PMMA). Its
low cost, ease of application and polishing, and
reliance on simple processing equipment have
made PMMA a preferred base material; however,
this material presents limitations, particularly in
terms of transverse and impact strength [7,8]. In
order to develop stronger denture base materials
resistant to fracture, different approaches have been
proposed such as the production of high-impact
strength resins and reinforcement of denture base
materials [9-16]. High-impact strength acrylics

employ a PMMA polymer modified by adding a
rubber compound to improve strength properties
[7].

Many different processing techniques have
been proposed to improve and simplify the poly-
merisation technique and to reduce denture produc-
tion time. The use of microwave energy to poly-
merise PMMA was one of these techniques. It is
possible to process acrylic dentures in a very short
time, because the surface and the deeper parts of
the resin are uniformly and rapidly heated [17].
Light-curing of a denture is a novel method com-
pared with other processing methods [18]. A visible
light-curing denture base resin has been described
as a composite having a matrix of urethane
dimethacrylate, microfine silica, and high molecu-
lar weight acrylic resin monomers [19].

Information about the mechanical properties of
acrylic materials could help with the understanding
and improvement of denture fractures. Therefore,
the purpose of this in vitro study was to evaluate
and compare the transverse strength of six denture
acrylic materials. Three of these were heat-cured
acrylic resins (conventional heat-cured acrylic
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resin, rapid heat-cured acrylic resin, high-impact
strength acrylic resin), and the others were light-
cured denture base resin, microwave-cured resin
and self-cured acrylic resin.

Materials and Methods

Fabrication of specimens
In this study, specimens were fabricated from three
heat-cured denture base resins: Meliodent HC (A)
(Heraus Kulzer Ltd, Newbury, UK), Acron HC (B)
(Howmedica Austenal Dental Products) and
Lucitone 199 (C) (Dentsply York Division, USA);
one microwave denture base acrylic: Acron MC (D)
(GC-Dental Ind Corp, Tokyo-Japan); one self-cured
resin: Meliodent SC (E) (Heraus Kulzer Ltd,
Newbury, UK); and one light-cured denture base
resin: Triad VLC (F) (Dentsply York Division, USA).
The trade names, descriptions and polymerisation
regimes of the acrylic resins presented in Table 1.

A total of 60 specimens were fabricated using
moulds made by investing brass blocks of dimen-
sions 65 mm in length, 10 mm in width, and x 3
mm in thick, in dental stone (Moldano, Heraeus
Kulzer GmbH, Hanau, Germany). The specimens
were divided into six groups; ten each, according to
the material tested.

Heat-cured acrylic resin specimens were
processed by placing denture resin under compres-
sion in the water bath (Kavo EWL 5501, Kavo
Elektrotechnisches, Germany) in metal flasks.
Microwave-cured acrylic resin specimens (AMC)
were polymerised in a microwave oven (2450-Hz,

550 W maximum potency; Vestel Goldstar ER,
535, Manisa, Turkey). Self-cured acrylic resin
specimens were prepared according to the manu-
facturer’s directions. Light-cured denture resin
specimens were polymerised in the Triad Visible
Light-Curing Unit (Triad 2000, Dentsply
International Inc., York, USA).

The specimens were ground with 600-grit sili-
con carbide paper to remove excess materials to
obtain a smoother surface. All of the specimens
were stored in distilled water in a thermostatically
controlled water bath (Elektromag-M96K water
bath, Turkey) at 37°C for 48 hours prior to testing.

Transverse strength test
Transverse strength testing was performed using a
three-point bending test machine (AVK-Budapest,
1980). A three-point testing design was used
whereby the simple specimen beam was centrally
loaded at a cross-head speed of 5 mm/min over a
two-point support span set at 50 mm. The speci-
mens were deflected until rupture occurred. The
force required for rupture was recorded and the
stress was calculated by means of the following
equation [20]:

S= 3.P.L/ 2.b.d2

where S is the stress in the outer fibres at midspan,
expressed in MPa; P: load at a given point on the
load-deflection curve, expressed in N; L: support
span length, expressed in mm; b: width of beam
tested, expressed in mm; and d: depth of beam test-
ed, expressed in mm.

Trade name Powder/ Mixing Doughing Polymerisation
(description) liquid time time procedure

ratio (second) (minute)
Meliodent HC (A) 23.4 g/10 ml 30 6 20 min in 70°C and 
(rapid heat polymerised acrylic resin) 23 min in boiling 

water
Acron HC (B) 3.5/1 30 30 60 min in 70°
(heat polymerised acrylic resin) (by volume) and 60 min in 

boiling water
Lucitone 199 (C) 21 g/10 ml 20 9 90 min at 73°C 
(heat polymerised, and 30 min in
high-impact acrylic resin) boiling water
Acron MC (D) 100 g/43 ml 30 20 3 min at 500 watt
(microwave-polymerised acrylic resin) in microwave oven
Meliodent SC (E) 5/3.5 30 - 14 min at room
(autopolymerised acrylic resin) (by volume) temperature (23±1°C)
Triad VLC (F) Prefabricated - - 10 min in visible
(visible light-cured resin) light-curing unit

Table 1. Trade Names, Processing and Polymerisation Regimes of Materials Tested
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The mean transverse strength values and stan-
dard deviations were calculated for each group, and
the data were analysed by means of Kruskal-Wallis
test, followed by post hoc Dunn’s multiple compar-
ison test. Statistical significance level was set at
P<0.05.

Results
The mean transverse strength values and standard
deviations of all groups tested are presented in
Table 2. Although microwave-polymerised acrylic
resin showed the highest mean transverse strength
(124.30±9.91 MPa), the lowest mean transverse
strength value belonged to the visible light-cured
resin (80.22±9.99 MPa). The Kruskal-Wallis test
indicated that there were significant differences in
the transverse strength among groups (P< 0.0001).
Then the comparisons between the groups were
carried out with post hoc Dunn’s multiple compar-
ison test.

Table 2. The mean ±standard deviation of 
transverse strength of all groups tested

Note: Groups with the same superscript letters were not
significantly different (P>0.05)  by post hoc Dunn's mul-
tiple comparison test.

Discussion
Many studies have reported desirable properties of
polymer denture resins such as adequate strength,
satisfactory thermal properties, dimensional stabil-
ity, insolubility in oral fluids, acceptable aesthetics,
ease of handling, and moderate cost [18,21-23]. In
order to compare the performance of different den-
ture resins, various mechanical tests can be per-
formed. However, previous investigations have not
been in agreement regarding the mechanical prop-
erties of these resins [17,24].

The transverse strength test, one of the
mechanical strength tests, is especially useful in
comparing denture base materials in which a stress
of this type is applied to the denture during masti-
cation [18]. The transverse (flexural) strength is a
combination of compressive, tensile and shear
strengths, all of which directly reflect the stiffness
and resistance of a material to fracture [8,19].

The present in vitro investigation was designed
to compare the transverse strength of five denture
base resins and one self-cured resin. Visible light-
cured resin showed the lowest mean transverse
strength value (80.22±9.99 MPa) followed by self-
cured acrylic resin (84.64±12.93 MPa). However, a
previous study, carried out in 1987 [25], reported
that visible light-cured (VLC) denture base materi-
al exhibited superior transverse strength properties
(125.23±14.71 MPa) compared to conventional
acrylic resins (97.67±8.83 MPa). This finding was
not in agreement with the present study, where it
was found that microwave-cured acrylic resin
showed a higher transverse strength than visible
light-cured resin. The findings of the present study
were consistent with those of two other studies
[26,27], one of which [26] was performed in 2007.

The reason for the lower transverse strength
values of visible light-cured resin and self-cured
resin compared with the other materials might be
due to the presence of the large number porosities
in this material [26,28]. It was concluded that these
materials could not be kept under pressure during
the polymerisation process; common defects and
internal voids often result [28]. It has been pro-
posed that internal porosities concentrated stresses
in the matrix and contributed to the formation of
microcracks under loading. It should also be noted
that, consistent with manufacturer’s recommenda-
tions, the urethane dimethacrylate material was
polymerised on one side only. Because the materi-
al was not packed and flasked under pressure, it
was difficult to attain consistently dense specimens.
Increased degree of conversion may serve to
increase the bulk flexural and fatigue strength of
light-cured resin [29].

The transverse strength of the microwave- and
heat-polymerised PMMA-based polymers did not
differ in the present study, which is inconsistent
with some previous studies [17,30,31]. Finally, a
recent study [32] reported that when compared with
the specimens cured in a microwave oven, water-
bath-cured resin is considered to have markedly
less porosity.

Conclusion
This investigation evaluated the transverse strength
of six different denture resin materials, Meliodent
HC, Acron HC, Lucitone 199, Acron MC, Triad
VLC and Meliodent CC. Within the limitations of
this study, the following conclusions were drawn:

Microwave-cured acrylic resin showed the

Material Transverse strength (MPa)
A 120.00 ± 9.13 a

B 113.30 ± 10.88 a

C 103.40 ± 11.96 a, b

D 124.30 ± 9.91 a

E 84.64 ± 12.93 b

F 80.22 ± 9.99 b



highest mean transverse strength value,
whereas visible light-cured acrylic resin
showed the lowest.
Heat-cured resins had slightly lower trans-
verse strength values than microwave-cured
resin. There was no statistically significant
difference among them (P>0.05).
There was no statistically significant differ-
ence between the mean transverse strength

values of visible light-cured resin and self-

cured resin (P>0.05).

Acknowledgements

This study was supported by the Research Fund of

the University of Istanbul, Turkey (project number:

UDP-2680/110072008).

References
1. Valittu PK. Glass fiber reinforcement in repaired

acrylic resin removable dentures: Preliminary results of a clin-
ical study. Quintessence International 1997; 28(1): 39-44.

2. Beyli MS, Von Fraunhofer JA. An analysis of causes
of fracture of acrylic dentures. Journal of Prosthetic Dentistry
1981; 46(3): 238-241.

3. Farmer JB. Preventive prosthodontics; maxillary den-
ture fracture. Journal of Prosthetic Dentistry 1983; 50(2):
172-175.

4. Lamb DJ. Problems and Solutions in Complete
Denture Prosthodontics. New Malden, England:
Quintessence; 1993: pp. 112-124,154-158.

5. Schneider R. Diagnosing functional complete denture
fractures. Journal of Prosthetic Dentistry 1985; 54(6): 809-
813.

6. Darbar UR, Hugget R, Harrison A. Denture fracture: a
survey. British Dental Journal 1994; 176(9): 342-345.

7. Mang TR Jr, Latta MA. Physical properties of four
acrylic denture base resins. Journal Contemporary Dental
Practice 2005; 15(6): 93-100.

8. Jagger DC, Jagger RG, Allen SM, Harrison A. An
investigation into the transverse and impact strength of “high
strength” denture base acrylic resins. Journal Oral
Rehabilitation 2002; 29(3): 263-267.

9. Stafford GD, Bates JF, Huggett R, Hendley RW. A
review of the properties of some denture base polymers.
Journal of Dentistry 1980; 8(4): 292-306.

10. Carroll CE, Von Fraunhofer JA. Wire reinforcement
of acrylic resin prostheses. Journal of Prosthetic Dentistry
1984; 52(5): 639-641.

11. Ladizesky NH, Chow TW, Cheng YY. Denture base
reinforcement using woven polyethylene fiber. International
Journal of Prosthodontics 1994; 7(4): 307-314.

12. Schreiber CK. PMMA reinforced with carbon fibres.
British Dental Journal 1971; 130(1): 29-30.

13. Vallittu PK, Lassila VP. Reinforcement of acrylic
resin denture base material with metal or fibre strengtheners.
Journal Oral Rehabilitation 1992; 19(3): 225-230.

14. Valittu PK, Lassila VP, Lappalainen R. Transverse
strength and fatigue of denture acrylic-glass fiber composite.
Dental Materials 1994; 10(2): 116-121.

15. Kanie T, Arikawa H, Fujii K, Ban S. Deformation
and flexural properties of denture base polymer reinforced
with glass fiber sheet. Dental Materials Journal 2005; 24(3):
297-303.

16. Nakamura M, Takahashi H, Hayakawa I.
Reinforcement of denture base resin with short-rod glass fiber.
Dental Materials Journal 2007; 26(5): 733-738.

17. Memon MS, Yunus N, Abdul Razak AA. Some
mechanical properties of a highly cross-linked, microwave-

polymerized, injection-molded denture base polymer.
International Journal of Prosthodontics 2001; 14(3): 214-218.

18. Craig RG. Restorative Dental Materials. 11th ed. St
Louis, MO: Mosby; 2002: pp. 87-88.

19. Anusavice KJ. Phillips’ Science of Dental
Materials. 11th ed. St Louis, MO: Saunders; 2003: p. 737.

20. American Society for Testing and Materials. ASTM
standard D790M for plastics. In: Annual Book of ASTM
Standards. West Conshohocken, PA: ASTM International;
2005: pp. 284-292.

21. Ogle RE, Sorensen SE, Lewis EA. A new visible
light-cured resin system applied to removable prosthodontics,
Journal of Prosthetic Dentistry 1986; 56(4): 497-506.

22. Fellman S. Visible light-cured denture base resin
used in making dentures with conventional teeth. Journal of
Prosthetic Dentistry 1989; 62(3): 356-359.

23. Kahn Z, Haeberle CB. One-appointment construc-
tion of an immediate transitional complete denture using visi-
ble light-cured resin. Journal of Prosthetic Dentistry 1992;
68(3): 500-502.

24. Dixon DL, Fincher M, Breeding LC, Mueninghoff
LA. Mechanical properties of a light-polymerizing provision-
al restorative material with and without reinforcement fibers.
Journal of Prosthetic Dentistry 1995; 73(6): 510-514.

25. Khan Z, Von Fraunhofer JA, Razavi R. The staining
characteristics, transverse strength and microhardness of a vis-
ible light-cured denture base material. Journal of Prosthetic
Dentistry 1987; 57(3): 384-386.

26. Machado C, Sanchez E, Azer SS, Uribe JM.
Comparative study of the transverse strength of three denture
base materials. Journal of Dentistry 2007; 35(12): 930-933.

27. Al Mulla MAS, Huggett R, Broos SC, Murphy WM.
Some physical and mechanical properties of a visible light-
activated-material. Dental Materials 1988; 4(4): 197-200.

28. Tan HK, Brudvik JS, Nichols JI, Smith DE.
Adaptation of a visible light-cured denture base material,
Journal of Prosthetic Dentistry 1989; 61(3): 326-331.

29.Diaz-Arnold AM, Vargas MA, Shaull KL, Laffoon
JE, Qian F. Flexural and fatigue strengths of denture base
resin. Journal of Prosthetic Dentistry 2008; 100(1): 47-51.

30. Al Doori D, Huggett R, Bates JF, Brooks SC. A com-
parison of denture base acrylic polymerized by microwave
irradiation and by conventional water bath curing systems.
Dental Materials 1988; 4(1): 25-32.

31. Alkhatib MB, Goodacre CJ, Swartz ML, Munoz-
Viveros CA, Andres CJ. Comparison of microwave-polymer-
ized denture base resins. International Journal of
Prosthodontics 1990; 3(3): 249-255.

32. Lai CP, Tsai MH, Chen M, Chang HS, Tay HH.
Morphology and properties of denture acrylic resins cured by
microwave energy and conventional water bath. Dental
Materials 2004; 20(2): 133-141.

OHDMBSC - Vol. IX - No. 1 - March, 2010

24



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


