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ABSTRACT

Purpose: This study compared between nano composite denture teeth and IPN cross-
linked acrylic teeth regarding masticatory efficiency and some mechanical properties 
(wear, micro tensile bonding strength to denture base). Material and methods: Ten 
completely edentulous patients with ages ranging from 55-60 years were selected. Each 
patient received two dentures made from heat-cured acrylic resin , One with IPN cross-
linked acrylic teeth and the other with nano composite teeth. Masticatory efficiency was 
evaluated for each patient at the time of insertion of the dentures and one month later. 
Laboratory study: For testing wear, thirty specimens were constructed and divided into 
two groups. Fifteen IPN cross-linked acrylic teeth (Group І) and Fifteen nano compos-
ite denture teeth (Group ІІ). For testing Micro tensile bonding strength, Twelve speci-
mens were constructed of artificial teeth together with the heat-cured acrylic resin bas-
es, These specimens were fixed to a micro- sawing machine and cut into one hundred 
and twenty micro beam samples which were then divided into two groups; sixty beams 
of IPN cross-linked acrylic teeth (Group І) and sixty beams of nano composite denture 
teeth (Group ІІ). Results: The results revealed no statistical significant differences (p 
≤ 0.05) as indicated by paired t-test between IPN cross-linked acrylic teeth and nano 
composite teeth in masticatory efficiency, wear, and micro tensile bonding strength to 
the denture base. Conclusions: In comparison to IPN cross-linked acrylic teeth, nano 
composite denture teeth showed non-significant difference regarding masticatory ef-

ficiency, wear resistance, and micro tensile bonding strength to the denture base. 
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INTRODUCTION

Conventional complete dentures are still the 
most widely used treatment for edentulous patients 
for medical and financial reasons, although reha-
bilitation with Osseointegrated implants has been 
increased over the last decades (1). 

Several problems with complete dentures wear-
ing have been reported. One of the most frequent 
complains is that complete denture wearers have 
masticatory efficiency which is only 16% to 50% 
that of dentate patients. This low masticatory per-
formance affects their food choices due to difficulty 
in consuming high-fibrous foods and hence affects 
their quality of life (2).

Lack of sufficient wear resistance of denture 
teeth is a major problem in the prosthodontics prac-
tice as it results in loss of vertical dimension of 
occlusion, loss of masticatory performance, an im-
proper occlusal relationship which may subsequent-
ly increase horizontal stresses and affect esthetics 
and function (3). 

It has been reported that denture teeth debonding 
from denture base is the cause of 22% to 30% of 
denture repairs (4). Bond failure between denture 
teeth and denture base is either adhesive failure 
where there is no remnants of denture base material 
on the teeth ridge lap portion after fracture or 
cohesive failure where the fracture is within the 
denture base material or the tooth material (5). 

The most widely used denture teeth in denture 
fabrication are acrylic resin denture teeth due to 
their convenient handling, ease of contouring, 
high resilience, and bonding chemically to denture 
base; however, one of their major disadvantages 
is excessive wear with its unfavorable associated 
sequelae(6,7).

Nano composite denture teeth were introduced 
to the market as a result of the developments in nan-
otechnology field. They are composed of urethane 
dimethyl methacrylate (UDMA) and PMMA com-
posite matrix with silicon inorganic Nano fillers. 

Nano composite teeth are characterized by having 
superior esthetics without affecting their mechani-
cal properties (8). 

The objective of this study was to compare the 
masticatory efficiency, wear resistance, and bond-
ing to denture base of IPN cross-linked acrylic teeth 
with the newly introduced nano composite teeth.

MATERIAL AND METHODS 

Clinical study

Ten completely edentulous patients were cho-
sen from the Removable Prosthodontics Depart-
ment’s outpatient Clinic of the Faculty of Dental 
Medicine, Al-Azhar University for Girls. Patients’ 
ages ranged from 55-60 years, free from any sys-
temic diseases which might affect masticatory mus-
cles. All patients had residual alveolar ridges with 
moderate height, width, free from any severe bony 
undercuts, and covered with healthy firm mucosa 
without inflammation signs, ulceration, or hyper-
plasia. Patients with Parafunctional habits as brux-
ism were excluded from the study. All patients ac-
cepted this dental treatment, the steps of this study 
were explained to them and they signed a written 
consent. Approval of REC (Research Ethics Com-
mittee) of the Faculty of Dental Medicine for Girls,  
AL- Azhar University was obtained. Patient history 
and clinical examination for medical, dental, extra-
oral, intraoral, laboratory investigation, and radio-
graphic examination were then carried out for each 
patient.

Primary impressions were taken with irreversible 
hydrocolloid impression material (Alginate)with 
stock trays of suitable size, then a secondary im-
pression was taken using Silicone impression mate-
rial (poly-C-silicone impression material, thixoflex 
M, medium, Zhermack, Italy) after border molding 
with (Putty-C-Silicone). Impressions were disin-
fected, boxed, and then poured using dental stone 
to produce master casts which were then used for 
the construction of permanent denture bases made 
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of heat-cured acrylic resin with IPN Cross-Linked 
acrylic teeth and the master casts were duplicated 
for construction of heat- cured acrylic resin denture 
base with nano-composite artificial teeth. 

Following the adjustment of the maxillary 
occlusion rim and the occlusal plane orientation, a 
maxillary face bow record was taken for mounting 
of the maxillary cast on a semi-adjustable articulator 
(Hanau model H articulator), then centric occlusion 
was recorded to mount the mandibular cast using the 
wax wafer technique. Setting up artificial teeth was 
made and to standardize the size and form of teeth, 
IPN Cross-linked and Nano-Composite teeth were 
obtained from the same company. Then waxing up 
of trial denture bases was completed. The denture 
has been tried in the patient’s mouth to check 
denture extension, retention, centric occluding 
relation, esthetics, and phonetics.

Curing, deflasking, finishing, and polishing were 
performed. Finally, two sets of complete dentures 
with two heat-cured acrylic denture bases were 
obtained. One with IPN cross-linked acrylic teeth, 
the other with nano composite teeth.

Evaluation of masticatory efficiency

All patients received complete dentures with 
IPN cross-linked acrylic teeth and were asked to 
wear their dentures one week for adaptation, before 
measuring of the masticatory efficiency in which the 
Patients were instructed to chew standardized piec-
es of food: banana which represented soft food and 
carrot which represented hard food. Four records 
were obtained by counting the chewing strokes 
number until the first swallow, the chewing strokes 
number until the mouth of patient became free of 
food, time (in seconds) till the first swallow, and 
time (in seconds) till the mouth of patient became 
free of food. The patient chewed one piece of each 
food five times, and the mean of the five recordings 
was considered the masticatory efficiency param-
eter for that patient (9). Masticatory efficiency was 
measured again after one month. After one week 
washing period, patients then received the second 
denture with nano composite teeth. The masticatory 

efficiency was measured after a one-week adapta-
tion period. It was measured again after one month.

Laboratory study:

A-Wear

Thirty specimens were constructed and divided 
into two groups. Group І: Fifteen specimens of IPN 
cross-linked acrylic teeth and Group ІІ: Fifteen 
specimens of nano composite teeth.

Wear resistance test

The 2-body wear testing was performed using the 
ROBOTA dual-axis chewing simulator integrated 
with the servo-motor thermo-cyclic protocol (Model 
ACH-09075DC-T, AD-TECH Technology Co., 
LTD., Germany). The device allows simultaneous 
vertical and horizontal movements simulation in 
the thermodynamic condition. It has four chambers; 
each chamber has an upper compartment with a 
metal receptacle as a specimen holder and a lower 
compartment in which an antagonist of 600 grit 
sandpaper was used. Specimens were tested with a 
revolution of 37,500 cycles and an applied weight 
of 700 grams which is about 7N of chewing force. 
The specimens were then removed, cleaned with 
running water then cleaned for 2 minutes in an 
ultrasonic cleaner thus any abraded particles would 
be removed from the specimens  ’surface prior to 
measurement.

Wear measurements

The specimens ’height loss was evaluated using 
the digital micrometer (Mitutoyo Digimatic Caliper 
25SB, Mitutoyo Corporation, Japan) where the 
amount of vertical loss was calculated from the 
difference between the readings of the specimens 
before and after wear simulation. Weight loss was 
evaluated by weighing the specimens to show the 
difference in their weight before and after wear test 
using the electronic analytical balance (Sartorius, 
Biopharmaceutical and Laboratories, Germany) 
which had a fully automated calibration technology 
and a micro weighing scale with an accuracy of 
0.0001 gram.
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For a better reflection of the teeth surfaces and 
quantitative analysis of the wear areas, USB Digital 
Microscope with a built-in camera which is connected 
to an IBM compatible personal computer was used to 
photograph the wear of both buccal and lingual cusps 
with a fixed magnification of 120 xs. Subsequently, 
3D images of the specimens ’surface profile were cre-
ated by a digital image analysis system. The unworn 
surface acted as a reference and the worn surface 3-di-
mensional geometry was generated.

B- Micro tensile bond strength 

Total twelve first molar teeth were chosen and 
divided into two groups. Group І: six IPN Cross-
linked acrylic teeth and Group ІІ: Six nano com-
posite teeth. The specimens were constructed by 
making twelve blocks of pink wax; each block with 
the denture tooth attached to it. The specimens were 
then invested using dental stone (Acrostone.Egypt) 
into a dental flask. After wax elimination, Heat po-
lymerizable acrylic resin (Acrostone. Egypt) was 
prepared following the manufacturer’s instructions 
and applied to the teeth within the space left. The 
resin was polymerized by a short cycle of hot water 
path at74° C for 1.5 hour then water bath tempera-
ture was brought to 100°C for 1 hour.  After the po-
lymerization and cooling of the flask, the completed 
specimens were then deflasked. 

The processed specimens were finished, pol-
ished, and then introduced to a diamond saw cutting 

machine (Isomet 4000 micro saw Buehler USA) 
for beams production. A specially designed grip-
ping attachment with (L) shape was used to hold 
the specimens firmly in place, parallel to section-
ing direction, and then they were serially sectioned 
using a diamond-coated disc of 0.3 mm thickness 
under copious coolant firstly in buccolingual di-
rection, then in mesiodistal direction after being  
rotated 90˚clockwise.(Fig.1)

Each tooth produced ten beam specimens 
(adhesive area 1 ±mm2, length 8 ±mm). The resultant 
beams were thermo cycled using thermo cycling 
device (THE-1100 SD Mechatronics thermocycler, 
Germany) between 5˚C (cold water path) and 55˚C 
(hot water path) 30 second for each temperature 
with a total 60-second for each cycle followed by10 
seconds rest before application of the next cycle. 
Approximately 5000 cycles which equal 6 months 
of intraoral aging were applied. 

Micro-tensile bond strength (µTBS) test

Beam specimens were tested by introducing 
them to the Universal Testing Machine (Instron, 
3345 model, England) which is controlled digitally 
and with software for test control and information 
acquisition (Bluehill version 3.3). Each beam was 
fixed to a metallic holding plate using cyanoacrylate 
based glue. Tensile load (500 N) was applied at the 
ends of the beam specimens with a crosshead speed 
of 0.5nm/min perpendicular to the tooth-denture 

Figure (1) Sectioning of a specimen into beams using a diamond saw cutting machine (Isomet 4000)



Effect of Two Denture Teeth Materials on Masticatory Efficiency, Wear, Bonding to Denture Base (15)

base interface until debonding of the specimens. 
Micro tensile bonding strength was evaluated in 
Mega Pascal (MPa). Specimen fragments were then 
carefully removed from the metallic holding plate 
and stored in their corresponding labeled plastic 
cones until the examination of failure mood.

Statistical analysis 

The results were collected, tabulated, and statisti-
cally analyzed. Kolmogorov-Smirnov and Shapiro-
Wilk tests were used to check the normality of the 
quantitative data which were found to be normally 
distributed so the mean and standard deviation (SD) 
were presented. Intergroup comparisons were ana-
lyzed utilizing paired t-test. The significance level 
was set at p ≤ 0.05 for all tests.  Statistical analysis 
was done by SPSS (SPSS Inc., IBM Corporation, 

NY, USA) Statistics Version 26 for Windows.

RESULTS

Clinical study

The mean values and standard deviations (SD) 
for the masticatory efficiency test measured when 
chewing soft and hard food recorded for both 
experimental groups were in (Table 1).

The results of the current study showed that 
there were no statistically significant difference 
teeth between IPN cross-linked acrylic denture teeth 
and nano composite teeth in all of the masticatory 
efficiency parameters when patients were chewing 
soft food and hard food at the denture time of 
insertion and one month later.

Table (1) Comparison of masticatory efficiency parameters between IPN Cross linked acrylic denture teeth 
and nano composite teeth when chewing soft and hard food. (Paired t-test).

Measurement Food Time
Teeth (Mean±SD)

p-value
IPN Acrylic Nano composite

Number of chewing 
strokes till the first 

swallow

Hard
Baseline 17.10±8.13 16.92±7.15 0.884ns

1 month 17.14±5.89 15.86±6.29 0.378ns

Soft
Baseline 7.84±3.13 7.60±0.99 0.977ns

1 month 10.18±5.29 7.58±1.97 0.286ns

Number of chewing 
strokes till mouth is free 

of food

Hard
Baseline 25.32±9.42 25.04±8.10 0.865ns

1 month 26.68±9.44 24.46±10.69 0.302ns

Soft
Baseline 12.38±3.39 12.06±4.08 0.337ns

1 month 15.12±7.24 11.36±1.18 0.249ns

Time till first swallow

Hard
Baseline 14.32±6.37 14.28±5.92 0.145ns

1 month 15.54±5.54 13.56±5.41 0.973ns

Soft
Baseline 7.70±1.08 6.88±1.41 0.216ns

1 month 9.18±3.41 6.74±2.65 0.089ns

Time till mouth is free 
of food

Hard
Baseline 22.78±9.56 22.32±8.07 0.107ns

1 month 25.54±8.85 22.30±9.23 0.773ns

Soft
Baseline 12.82±1.92 12.10±2.66 0.389ns

1 month 18.10±12.23 11.88±3.76 0.108ns

Significance level p*≤ 0.05, SD=standard deviation.
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Laboratory study

A-wear resistance:

Height results: 

The mean values and standard deviations (SD) for 
wear test measured by height loss (mm) recorded for 
both experimental groups after 37,500mastication sim-
ulation cycles were summarized in (Table2).

IPN cross-linked acrylic teeth group had a value 
(0.28±0.15), nano composite teeth group had a value 
(0.20±0.17), and the difference was non-significant 
(p≤ 0.272).

Weight results

The mean values and standard deviations (SD) for 
wear test measured by weight loss (gram) recorded 
for both experimental groups after 37,500 mastication 
simulation cycles were summarized in (Table2).

IPN cross-linked acrylic teeth group had a value 
(7.30±1.71) ,nano composite teeth group had a value 
(7.25±1.85),and the difference was not significant 
(p≤ 0.949).

Surface roughness:

Microscopic images of IPN cross- linked acrylic 
denture teeth and nano-composite teeth were exam-
ined at 120X magnification, and represented in (Fig.2)

IPN cross-linked acrylic teeth had a value 
(0.020±0.017), nano composite teeth group had 
a value (0.016±0.018), and the difference was not 

significant (p≤ 0.775). (Table2).

B- Micro tensile bond strength:

The mean values and standard deviation (SD) 
values of micro tensile bond strength (Mpa) were 
summarized in (Table3).

IPN Cross-linked acrylic teeth group had a value 
(22.27±7.04), nano composite teeth group had a 
value (25.64±7.80), and the difference was non-
significant (p≤ 0.102).

Table (2) Comparison of wear resistance parameters 
between IPN Cross linked acrylic teeth and nano 
composite teeth. (Paired t-test).

Wear parameter
Teeth (Mean±SD)

p-value
IPN Acrylic Nano 

composite

Weight loss (mg) 7.30±1.71 7.25±1.85 0.949ns

Height loss (mm) 0.28±0.15 0.20±0.17 0.272ns

Surface 
roughness (µm) 0.020±0.017 0.016±0.018 0.775ns

Significance level p*≤ 0.05, SD=standard deviation.

Table (3) Comparison of microtensile bonding 
strength between IPN cross linked acrylic denture 
teeth and nano composite teeth. (Paired t-test).

Teeth (Mean±SD)
p-value

IPN Acrylic Nano composite

22.27±7.04 25.64±7.80 0.102ns

Significance level p*≤ 0.05, SD=standard deviation.

Figure (2) Photomicrograph of nanocomposite teeth; before wear (a), after wear (b)
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DISCUSSION

This study was designed as a prospective com-
parative clinical and laboratory trials to compare 
between two different artificial denture teeth ma-
terials (IPN cross-linked acrylic denture teeth and 
nano composite denture teeth) regarding their effect 
on the masticatory efficiency of complete dentures. 
Moreover, their wear resistance and micro tensile 
bond strength to denture base were evaluated.

In this clinical study, two sets of complete 
dentures with heat-cured acrylic resin base were 
constructed for each patient. One with IPN cross-
linked acrylic teeth and the other with nano 
composite teeth. Patients with ages ranged from 55-
60 years were selected to avoid all factors which 
may affect the muscle tone and hence the resultant 
masticatory efficiency including various systemic 
diseases , neuromuscular disorders , muscle and 
mucosa atrophy , and excessive bone loss (10).

The selected patients had a residual ridge with 
adequate healthy firm mucosa due to their important 
role in denture adaptation, stability, stress distribu-
tion, and hence masticatory efficiency. Patients with 
TMJ disorders and Parafunctional habits as bruxism 
or clenching were excluded to avoid the effect of 
abnormal/excessive stresses on the dentures (11).

Natural test foods including banana as an example 
of soft food and carrot as an example of hard food 
were selected because of their reliable natural taste 
and suitability for complete denture wearers who 
could easily crush and comminute them. Both were 
cut into small and symmetrical pieces to eliminate 
the influence of different food sizes on masticatory 
efficiency (11).

The chewing strokes number and chewing times 
of a test food were compared for each patient. This 
technique was preferred by many authors as it is 
practical, applicable for all food types, and allows 
patients to chew and swallow normally. Moreover, 
it had a valid measure of masticatory efficiency (12).

The results of this study approved that there is 
no statistically significant difference in all of the 

masticatory efficiency parameters when patients 
were chewing soft and hard food. 

The results of this study can be explained by 
the theory of wear which is wear of denture teeth 
is directly related to masticatory efficiency as wear 
resistance enhances the denture teeth ability to 
maintain a stable occlusal relationship that produces 
better chewing and masticatory performance. Since 
there is no significant difference in wear resistance 
between nano composite and cross-linked acrylic 
teeth, thus there is a non-significant difference in 
masticatory efficiency between both types (13).

 Some authors reported that the concept of 
occlusion and anatomy of teeth either anatomical, 
semi anatomical ,or non-anatomical are the most 
important factors determining cutting efficiency, 
and therefore masticatory efficiency of denture 
teeth rather than the type of material used (14).

In this study, the wear amount that happened 
under the same laboratory conditions between 
nano composite and IPN cross-linked acrylic teeth 
materials was compared by in vitro two-body wear 
technique using ROBOTA chewing simulator . 
Artificial denture teeth wear resistance can be tested 
in vitro by two- or three-body testing techniques. In 
this study, the two-body wear method was selected 
because it provides direct contact between the 
specimen and the antagonist simulating the situation 
in complete denture with bilaterally balanced 
occlusion. This contact does not occur significantly 
between maxillary and mandibular denture during 
food mastication, it happens normally in case of 
swallowing and Parafunctional habits leading 
to denture teeth wear. In contrast to the three-
body testing method which usually measures 
the characteristics of wear, but its results may be 
influenced by several factors including the material 
of the used antagonist, abrasiveness and pH of the 
intermediate material (8). 

First molars were only selected in each group to 
standardize and compare the samples .Moreover; 
chewing process mainly depends on posterior teeth 
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and more load is applied to them thus they wear 
faster as compared to anterior teeth (15).

In this study, 0.7kg/mm² pressure was used for 
the wear simulation which is higher than the amount 
of pressure reported in the literature for complete 
denture occlusion (0.4 kg/mm2). This higher pres-
sure level was selected for simulation of the  worst-
case scenario that can occur as in a case of high oc-
clusal contact, or improper balance of complete den-
ture occlusion leading to increased pressure and wear 
in isolated areas (8). Wear simulation with 37,500 cy-
cles was applied to simulate three months of clinical 
function according to previous studies(16,17).

The results of this study showed a statistically 
non-significant difference in wear resistance 
between nano composite and IPN cross-linked 
acrylic denture teeth in agreement with previous 
studies(18,19). An explanation is that nano filler 
particles were added to denture teeth to improve 
their wear resistance due to the smaller size of the 
filler particle and decreased inter particle space 
among them; however, it was reported that these 
fillers have tendency for agglomeration forming 
clusters in the micrometer range. Moreover, they 
could be detached from the denture teeth surface 
during function resulting in excessive wear (20).

The results of this study disagreed with other 
studies (21, 22) that measured the wear resistance in 
three different denture teeth t: Feldspathic ceramic, 
nano composite teeth, and acrylic teeth. Nano 
composite teeth were reported to be more suitable 
for complete and partial dentures due to their good 
wear resistance (22).These conflicting data may be 
due to the difference in testing methods, specimen 
preparation techniques, and variation of denture 
tooth brands with the difference in their chemical 
compositions. The bond strength between two 
types of artificial denture IPN cross-linked acrylic 
teeth, nanocomposite denture teeth and heat cured 
acrylic resin denture base was studied by  micro 
tensile bond strength  test (μTBS). Bond strength 
can be evaluated by a variety of testing methods 

including shear, micro shear, and micro tensile tests. 
In this study, micro tensile bond strength (μTBS) 
was chosen as it permits the alignment of different 
samples in a proper way resulting in a stress pattern 
with a homogeneous distribution; also, it facilitates 
the longitudinal sectioning of the samples and 
provides better economic sample use (23).

Thermo- cycling was used as an in-vitro 
environment to generate thermal changes similar 
to the oral cavity simulating the normal changes in 
temperature that human can withstand .The concept 
of thermocycling is that periodic contraction and 
swelling create stress inside the materials which 
deteriorates the bond between denture bases and 
teeth. Moreover; it gives rise to hydration of the 
samples, so the material imbibes water which 
diffuses directly into the bond site, squashes in the 
voids at the interface leading to stresses originated 
at the tooth- denture base interface and hence a 
deleterious effect on the bonding(24,25). 

Nanocomposite denture teeth showed 
statistically non-significant microtensile bond 
strength as compared to cross-linked acrylic teeth 
.This result agrees with a previous study (26)which 
show that nanocomposite denture teeth comprise 
four individual layers. Composite material forms 
the dentin core and facial incisal layers so it 
provides superior esthetics. PMMA material forms 
the back incisal and cervical layers to give effective 
and stress-free bond with denture bases. Since the 
ridge lap portions of the two tested denture teeth 
were composed of acrylic resin,This might explain 
the non-significant difference in micro tensile 
bonding strength between the two groups (27). In 
contrast to these findings, another study reported 
that cross-linked acrylic artificial teeth showed 
significantly higher bond strength as compared to 
nanocomposite teeth (28). An explanation of these 
contrasting results is that the experimental tests are 
influenced by differences in the specimens size and 
shape, measuring devices, the amount of load used 
during the test, denture bases type, and method of 
polymerization.
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CONCLUSION

Within the limitations of the present study, 
Nanocomposite denture teeth exhibited  a statisti-
cally non-significant difference in masticatory ef-
ficiency, wear resistance ,and microtensile bonding 
strength to heat cured acrylic resin denture base as 
compared to IPN cross-linked acrylic teeth. 
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