
15

Summary

Statement of the problem. The wear of denture teeth is very important when considering long term
function.  
Purpose. The purpose of this study was to evaluate the effect of milled glass fiber reinforcement in
vitro wear of denture teeth acrylic resin. The effect of storage in open atmosphere on wear was
also studied. 
Material and methods. Denture teeth acrylic resin was reinforced with unsilanized and silanized
milled glass fiber at four percentages (5, 10, 15, 20%) by weight as the test groups. Unreinforced
acrylic resin was used as control group. The specimens were abraded on the two-body abrasion-
testing device, which conforms to DIN 53516 standard.  
Results. With the addition of glass fiber, the wear values of all test specimens decreased in compar-
ison to the control group (p < 0.01) except for unsilanized milled glass fiber at 5% by weight (p =
0.15). Silanization significantly reduced wear relative to comparable unsilanized controls (p <
0.01). Both silanized (p = 0.019) and unsilanized (p = 0.004) test specimens showed statistically sig-
nificant descending wear scores due to increasing glass fiber concentrations (5% to 10%). The
storage of control and test groups did not affect wear (p > 0.05). 
Conclusions. To improve the wear resistance of denture teeth polymethylmethacrylate resin, the
optimum formulation is by incorporation of 10% by weight silanized milled glass fiber.
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Introduction

The wear resistance of denture teeth acrylic
resin can be significantly increased by the
addition of silanized milled glass fiber at
various concentrations, but after a certain
concentration this result has no importance.

Acrylic resin denture teeth are widely
used in removable dentures and have some
advantages over porcelain teeth. Acrylic
resin teeth have excellent fracture tough-
ness, easy occlusal adjustment and high
bond strength to denture base material, but
their wear resistance has been questioned
[1-3]. A major disadvantage of resin tooth is
the rapid wear of posterior tooth surface [4].
The wear of denture teeth is crucial when

considering long-term function and esthet-
ics. Wear is a concern to both patient and the
dentist because it will cause loss of vertical
dimension, loss of masticatory efficiency,
faulty teeth relationship and increased hori-
zontal stress and their associated sequelae
[5]. Denture teeth have been developed that
claim improved wear resistance because of
new material combinations, of which there
are two types. The first type is of composite
composition with inorganic filler particles
whereas the second group consists of acrylic
resin based teeth having polymer fillers to
enhance the physical properties of the den-
ture teeth. Improved wear resistance has
been reported for both composite and
acrylic resin tooth composition [6-9].

Glass fibers were shown to be the most
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suitable for dental applications because of
good cosmetic qualities and good bonding
to the polymer matrix via silane coupling
agents [10]. Glass fibers have been shown to
improve the mechanical properties of
acrylic resin denture base material especial-
ly the fatigue resistance and transverse
strength [10-12]. It has been reported that
the wear of polycarbonate with 10% glass
fibers was less than the high resistant teeth,
metallic alloys and porcelain and this was
probably due to the glass fibers in its content
[13].

Incorporation of small and heteroge-
neous shape of milled glass fiber could
increase the wear resistance of acrylic resin
teeth. The wear resistance of denture teeth
polymethylmethacrylate (PMMA) resin
reinforced with milled glass fibers has not
been fully studied yet. The purpose of this
study was to investigate the in vitro two-
body wear of denture teeth acrylic resin
reinforced with unsilanized and silanized
milled glass fibers in four different concen-
trations by weight (wt). For a polymeric
composite material, performance tests after
aging are designed mainly in two different
groups: the final performance of the sample
after subjecting the material to specific con-
ditions in which they are stored (shelf life)
and to specific conditions which simulate
the environment in which it actively works.
The effect of 90 days storage at open atmos-
phere on wear was also studied in this study.

Material and Methods

Denture teeth acrylic resin (Rutinium Dental
Manufacturing, Italy) was used in this study.
The milled E glass fiber (1.2 µm in diame-
ter, 0.8 mm in length and 2.7 g/cm3 in den-
sity) was supplied by Cam Elyaf A. S,
Çayirova, Turkey. The silane coupling
agent, A-174, 3-methacryloxypropyl
trimethoxy silane (3-MPS) was supplied
from Union Carbide, UK.

The nine groups (G) of specimens

(totally 90 specimens) were divided as fol-
lows: 10 specimens of unfilled acrylic resin
used as control group (G1) and the others
test groups (G2-G9). Acrylic resin modified
with 5, 10, 15, 20% by wt untreated milled
glass fiber added to polymer were assigned
to their respective groups (G2, G3, G4, G5)
(n = 10). Acrylic resin modified with 5, 10,
15, 20% by wt silane-treated milled glass
fiber added to polymer, were assigned to
their respective groups (G6, G7, G8, G9) (n
= 10).

The specimen dimensions were 16 mm
in diameter and 7 mm in thickness. Acrylic
resin polymer/monomer ratio was 20 gr/10
ml by wt for all the specimens. The percent-
ages of milled glass fibers used were 5, 10,
15, 20% by wt. The denture teeth acrylic
resin was polymerized at 1750C under a
pressure of 160 bar for 3 minutes (Elimko
2200 Hidrocontrol Machine, Iskitler,
Ankara, Turkey) and then cooled with water
under a pressure of 160 bar for 3 minutes.
After demolding, the specimens were
removed and finished to remove excess
material by honing with fine emery paper.
The exact final dimensions were ensured
with a fine digital micrometer (Mitutoyo
Digimatic Caliper 500154/CD 15 C,
England).

The specimens were stored in distilled
water bath (Elektromag-M96K Water Bath,
Turkey) at 37 + 10C for 7 days before wear
testing. The testing apparatus was an abrad-
ing device (APGI 613. 10 Carl Shroder KG
Material prüfmachinen 6940 Weinheim
Serial Number 40176) and was in compli-
ance with DIN 53516 standard [14]. The
Al2O3 emery paper was used as the abrad-
ing material (600 grid, 3 M production resin
paper 251 U-P 600) and replaced before
abrading control and each test group. All
wearing tests were performed in distilled
water at room temperature (23 + 10C). The
difference in weight measurements (Mettler
H 20, Switzerland, nearest 0.001 mg)
between, before and after wear testing deter-
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mined weight loss. Weight loss (mg) was
evaluated as amount of wear. The specimens
were stored at room temperature for 90 days
in open atmosphere. Then, the specimens
were again stored in distilled water at 37 +
10C for 7 days before repeating wear test.

Results

Table 1 shows the means and standard devi-
ations of the wear values and comparison of
the mean wear of the control and test groups
initially and after storage. Means were com-
pared between control and test groups by
Mann-Whitney U test. All the test groups
but G5 (p = 0.15) displayed statistically sig-
nificant lower wear compared with the con-
trol group (p < 0.01). Statistical comparison
of the unsilanized and silanized test groups
was performed by Wilcoxon test. The
silanization procedure significantly reduced
the wear compared to unsilanized test

groups (z: 2.803, p: 0.005). The effect of the
fiber quantity on the wear of the test speci-
mens was compared by Kruskal Wallis One
Way Anova test. Unsilanized (x2: 13.141, p:
0.004) and silanized (x2: 9.909, p: 0.019) test
specimens showed statistically significant
descending wear scores due to increasing
glass fiber concentrations (5% to 10%) but
no difference was found in the other glass
fiber concentrations (p > 0.05). The statisti-
cal comparison of wear values of same test
groups in the initial stage and after storage
was performed by Wilcoxon test. After stor-
age the wear values of the groups G2 (z:
2.599, p: 0.009), G8 (z: 2.395, p: 0.017), G9
(z: 1.988, p: 0.047) was significantly
decreased. In the other groups no difference
was observed (p > 0.05). All analyses were
executed using Unistat Statistical Package
(5.1.03 Version, 1984-2001 Unistat Ltd., 4
Shirland Mews, London W9 3DY, England).

                      Wear values  
 Initial 

Mean ±± SD 
After storage 
Mean ±± SD 

Control G1 0.139 ± 0.021 0.139 ± 0.017 
G2 0.10 ± 0.043 p: 0.15 NS 0.086 ± 0.033 p: 0.002* 
G3 0.071 ± 0.023 p: 0.001* 0.067 ± 0.027 p: 0.001* 
G4 0.064 ± 0.020 p: 0.001* 0.067 ± 0.024 p: 0.001* 

Unsilanized 

G5 0.062 ± 0.028 p: 0.001* 0.070 ± 0.024 p: 0.001* 
G6 0.067 ± 0.025 p: 0.001* 0.065 ± 0.026 p: 0.001* 
G7 0.050 ± 0.016 p: 0.001* 0.049 ± 0.020 p: 0.001* 
G8 0.049 ± 0.016 p: 0.001* 0.046 ± 0.018 p: 0.001* 

Silanized 

G9 0.044 ± 0.014 p: 0.001* 0.041 ± 0.017 p: 0.001* 

Table 1. The means and standard deviations of the wear values and comparison of the mean wear of the
control and test groups at initial stage and after storage

Discussion

Assessment of the wear resistance has been
conducted through in vivo and in vitro
methods. In vivo studies [3,15] have offered

only a ranked order of the materials evaluat-
ed and it is difficult to draw quantitative
comparisons. Due to complexity of the wear
mechanism, correlation of the in vivo and in
vitro findings is often difficult [16]. In vitro
tests are still necessary to test newly devel-

* Indicates significant difference between control and test groups at p < 0.001 level. 
NS Indicates no significant difference between control and test groups at p > 0.05 level



oped materials, as the clinical trials are
expensive and time consuming. In vitro
methods are classified as two-body test
[17,18] or three-body test [19]. The phe-
nomena of occlusal wear under clinical con-
ditions are generally divided into two com-
ponents: an abrasive material loss found in
contact-free areas (CFA-wear three-body
wear) and a second type at the path of artic-
ulation on the occlusal contact areas (OCA-
wear, two-body wear) [20-21]. The object of
this study is to evaluate the wear resistance
of occlusal contact areas in removable pros-
theses; thus the two body wear testing has
been used and the wear testing used in this
study was developed to evaluate wear of
modified denture teeth PMMA resin direct-
ly abraded against abrasive material. 

Stipho [22] reported that when glass
fiber in loose small cuts (2 mm in length)
concentration of 1% was used a clear con-
siderable transverse strength improvement
of 14% was however found in comparison
with the strength of the control samples (0%
glass fiber group). Chen et al [23] reported
that incorporation of glass fibers (2 mm in
length) generally resulted in a decrease in
hardness compared to the controls and sug-
gested that the decreased surface hardness
of the bulk reinforced acrylic resin may be
caused by both the effects of the incorporat-
ed fibers and the reduced proportion of resin
matrix. It has been reported that although
the hardness of polycarbonate (10% wt glass
fibers) was less than that of high strength
teeth, polycarbonate was more wear resist-
ant to high strength teeth and polycarbonate
(10% wt glass fibers) had less worn volume
than porcelain because it contained 10% wt
glass fibers which are more abrasive against
high strength teeth [14].   Therefore hard-
ness may not be a reliable indicator against
wear. In the present study, glass fibers were
used in milled form and in random orienta-
tion to reinforce one type of denture teeth
PMMA resin. The fibers were milled to pro-
duce short fibers of different lengths but

with an average length of 0.8 mm. The
rationale of mixing microfillers and macro-
fillers was shown by previous investigators
to produce homogenous structures and
improve the mechanical properties of com-
posites, because the micro fillers prevented
the settling of the macrofillers when mixing
with monomer [24-25].  In this study, mix-
ing different lengths of milled glass fibers
may produce considerable improvement in
the wear resistance of acrylic resin. 

The increased content of filler in
PMMA was previously shown to increase its
transverse strength [12,26].  This study
revealed increasing wear resistance with
increasing filler ratios but above a filler ratio
of 10%, this increase in wear resistance was
not significant. It is clear that up to 10%
addition of both unsilanized and silanized
milled glass fibers to powder-liquid PMMA
matrix leads to a significant increase in
amount of wear of the resultant composites
in all compositions, this increase becomes
less pronounced. It is well known that the
factors such as absolute hardness of the
filler and the strength of the interfacial bond
are predominant in the effects of fillers on
abrasion or wear resistance [27].  If the filler
is harder than the abrasive, both the degree
of loading and the existence of filler-matrix
adhesion are the determining factors. It may
be noted from the table that rigid PMMA
has inherently good abrasion resistance,
which may be doubled by inclusion of low
filler volumes of harder and tougher milled
glass fibers. Also, silanization seems to be
very effective in wear resistance of the com-
posites by improving interfacial bonding. In
our study a considerably less wear has been
observed in the specimens with silanized
glass fibers compared to the specimens with
unsilanized glass fibers. In addition to this,
the silanization of the fillers decreases the
ratio of the filler to be added by increasing
the wear resistance. Moreover, it has been
observed that the silanized composites,
which were aged for 90 days in dry form,
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exhibited an increase in final performances.
This result may be attributed to the possible
formation of extra interactions via free radi-
cals which were possibly created by the
PMMA chain scissions during the storage
conditions which then resulted in some extra
cross links between matrix and active dou-
ble bond on the silane coupling agent [27].
It is obvious that the surface treatment not
only contributes to the wear strength but
also maintains the long-term durability.

The wear rates of denture teeth in
removable dentures and implant prostho-
dontics are very important when considering
long-term function and esthetics. The modi-
fication of acrylic resin with either silanized
or unsilanized milled glass fibers or fillers
has decreased the wear of artificial teeth to a
great extent in this study, and seems to be an

effective material for strengthening the den-
ture teeth acrylic resin. 

Conclussion

Within the limits of this study it can be
concluded that the wear resistance of den-
ture teeth can be considerably increased by
the addition of milled glass fibers. The
silanization has effectively increased the
wear resistance of acrylic resin.

The results offer a quantitative increase
with the incorporation of milled glass fiber
at various concentrations into PMMA, but
after a certain concentration this result has
no importance. 

After storage, the wear resistance of
denture teeth acrylic resin either increased
or remained unaltered.

OHDMBSC - Vol. IV - No. 2 - June, 2005

49

References

1. Phillips RW: Skinner’s Science of Dental
Materials. 9th ed. Philedalphia: WB Saunders, 1991:
209-210.

2. Craig RG: Restorative Dental Materials. 9th ed.
St. Louis: Mosby; 1993: 535-538.

3. Ekfeldt A, Oilo G: Wear mechanisms of resin and
porcelain denture teeth. Acta Odontol Scand, 1989;
47: 391-399. 

4. Winkler S, Monaskay G, Kwok J: Laboratory wear
investigation of resin posterior denture teeth. J
Prosthet Dent, 1992; 67: 812-814.

5. Lindquist TJ, Ogle RE, Davis EL: Twelve-month
results of a clinical wear study of three artificial tooth
materials. J Prosthet Dent, 1995; 71: 156-161.

6. Coffey JP, Goodkind RJ, DeLong R, Douglas
WH: In vitro study of the wear characteristics of nat-
ural and artificial teeth. J Prosthet Dent, 1985; 54:
273-280.

7. Whitman DJ, McKinney JE, Hinman RW et al: In
vitro wear rate of three types of commercial denture
tooth materials. J Prosthet Dent, 1987; 57: 243-246. 

8. Khan Z, Morris JC, von Fraunhofer JA: Wear of
anatomic acrylic resin denture teeth. J Prosthet Dent,
1985; 53: 550-551.

9. Von Fraunhofer JA, Razavi R, Kahn Z: Wear char-
acteristics of high-strength denture teeth. J Prosthet
Dent, 1988; 59: 173-175. 

10. Vallittu PK: The effect of glass fiber reinforce-

ment on the fracture resistance of a provisional fixed
partial denture. J Prosthet Dent, 1998; 79: 125-30.

11. Vallittu PK, Lassila VP, Lappalainen R:
Transverse strength and fatigue of denture acrylic
glass fiber composite. Dent Mater, 1994; 10: 116-121.

12. Vallittu PK, Lassila VP, Lappalainen R: Acrylic
resin fiber composite. Part I: The effect of fiber con-
centration on fracture resistance. J Prosthet Dent,
1994; 71: 607-612.

13. Abe Y, Sato Y, Akagawa Y, Ohkawa S: An in
vitro study of High-Strength Resin Posterior Denture
Tooth Wear. Int J Prosthodont, 1997; 10: 28-34. 

14. DIN 53516. Testing of rubber and elastomer;
determination of abrasion resistance. German national
standard, 1987; pp 1-6.

15. Ogle RE, David LJ, Orthman HR. Clinical wear
study of a new tooth material: Part II. J Prosthet Dent,
1985; 54: 67-75.

16. Mair LH, Stolarski TA, Vowles RW & Lloyd CH.
Wear: Mechanisms, manifestations and measurement.
Report of a workshop. Journal of Dentistry, 1996; 24:
141-148. 

17. Burgoyne AR, Nicholls JI, Brudvik JS: In vitro
two-body wear of inlay-onlay composite resin restora-
tives. J Prosthet Dent, 1991; 65: 206-214.

18. Smalley WM, Nicholls JI: In vitro two-body
wear of polymeric veneering materials. J Prosthet
Dent, 1986; 56: 175-181.

19. Suzuki S, Leinfelder KF: An in vitro evaluation
of a copolymerizable type of microfilled composite
resin. Quintesscense Int, 1994; 25: 59-64.



20. Lambrechts P, Braem M and Vanherle G:
Evaluation of clinical performance for posterior com-
posite resins and dentin adhesives. J Oper Dent, 1987;
12: 53-58.

21. Lutz F, Phillips RW, Roulet JF and Setcos JC: In
vivo and in vitro wear of potential posterior compos-
ites. Journal of Dental Research, 1984; 6: 914-920.

22. Stipho HD: Effect of glass fiber reinforcement
on some mechanical properties of autopolymerizing
polymethyl methacrylate J Prosthet Dent, 1998; 5:
580-584.

23. Chen SY, Liang WM, Yen PS: Reinforcement of
Acrylic Denture Base Resin by Incorporation of
Various Fibers. J Biomed Mat Res, 2001; 58: 203-208.

24. Pallav P, De Gee AJ, Davidson CL, et al: The
influence of admixing microfiller to small particle
composite resin on wear, tensile strength, Hardness,
and surface roughness. J Dent Res, 1989; 68: 489-490.

25. Li Y, Swartz ML, Phillips RW: Effect of filler
content and size on properties on composites. J Dent
Res, 1985; 64: 1396-1401.

26. Ladizesky NH, Cheng YY, Chow TW, et al:
Acrylic resin reinforced with chopped high perform-
ance polyethylene fiber-properties and denture con-
struction. Dent Mater, 1993; 9: 128-35.

27. Katz HS and Milewski JV. Handbook of Fillers
for Plastics. New York: Van Nostrand Reinhold
Company Inc.; 1978; p 43.

OHDMBSC - Vol. IV - No. 2 - March, 2005

50

Correspondence to: Dr. Fatma Unalan, Associate Professor, DDS, PhD - Istanbul University,
Faculty of Dentistry, Department of Prosthodontics. 34390 Çapa-Istanbul, Turkey. 
E-mail: fatmaunalan@yahoo.com, pinarkurs@hotmail.com


