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Evaluation of the Linear Dimensional Changes and 
Hardness of Gypsum Product / Stone Type IV after 
Adding Silica Nanoparticles

Abstract
                         

Dental gypsum is routinely used as an investing and molding material for prosthodontics restoration 
with some acceptable linear dimensional changes in the finished restorations. This study aimed to 
evaluate linear dimensional stability and surface hardness of dental stone type IV when adding silica 
nanoparticles to it. 40 type IV stone specimens were prepared from stainless steel molds for linear 
dimensional stability and plastic mold for hardness, 20 of which contained silica nanoparticles (test 
group) while the other 20 were without any addition (control group). Each group was divided into 
subgroups containing 10 specimens for each one in order to compare the dimensional stability and 
hardness of them. The linear dimensional changes were measured using a digital caliper, while the 
hardness was tested with Vickers’ hardness test. The data were analyzed with t-test (two-sample 
assuming unequal variances) and p-value. The mean value of linear dimensional changes for the 
control group was -0.396 and -0.386 for specimens of the test group. Mean hardness was 50.638 for 
the control group and 53.295 for the test group. The difference was significant for linear dimensional 
changes and highly significant for hardness. Adding of silica nanoparticles improved the hardness and 
reduced the linear dimensional changes of type IV stone.
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Introduction
Dental casting is an important step during the 

process of dental prostheses. The progress in both 
materials and techniques directly enhance impressions 
and working casts that are crucial for the success of 
clinical work [1]. 

For decades, gypsum products have been used 
in dentistry to generate study and master casts, on 
which dental appliances are make-up [2]. Gypsum 

products are classified according to their particle 
size, as well as their properties depending on particle 
size [3]. According to the International Standards 
Organization, type IV dental stone are commonly 
used for constructing working casts on which fixed 
and removable restoration are constructing. It is 
characterized according to economy, easy to handle 
and manipulate, with superior compressive strength, 
hardness and dimensional stability [4-6].

The stone die must be hard enough to resist abrasion 
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or deformation caused by scratching force applied on 
their surface [4, 7]. For complicated prosthodontics 
procedures, dental stones have low desired strength, 
low reproduction of the fine details and low abrasion 
resistance [8].

In general, gypsum products are commonly used 
material because their properties can be altered by 
physical and chemical methods [9]. To improve the 
strength of dental materials, inorganic filler particles 
are applied [10]. There are different types of inorganic 
filler particles such as quartz, colloidal silica, and silica 
glass containing barium, strontium, and zirconia. Also, 
the properties of the materials can be affected by the 
shapes and sizes of filler particles [11, 12]. Nowadays, 
the application of nanotechnology is considered an 
important and recent change in inorganic filler that 
is important to the progress of dental materials and 
improving their mechanical properties [9].

Nanotechnology is widely used in dentistry and 
many studies were done to investigate its anticipated 
gains. It is important to know how to use this 
technology and get benefits of it [13].

Nanomaterials are used with ceramic, metal, resin 
[14] and composite material [15] to improve their 
properties such as flexibility, strength, plasticity, 
mechanical compatibility and biocompatibility, as well 
as to reduce the porosity in the materials and make 
the modulus of elasticity similar to the form of natural 
bone [14]. 

Recently, many investigators have studied the effect 
of adding different types of  functionalize nanoparticles 
to PMMA and evaluated the effect of these particles on 
PMMA properties after adding different shapes, sizes, 
and, ratios of them [13].

These nanoparticles have a small size, large surface 
area and high interactions between its interface and 
polymer matrix. So they can promote the physical 

properties of the polymer matrix [15, 16].

New investigations are anticipated with the aiding of 
this technology regarding the use of unfunctionalized 
nanoparticles and their effect on the mechanical 
properties of dental stone because there hasn’t been 
sufficient research done yet.

The aim of this study was to evaluate and compare 
the linear dimensional changes and Vickers hardness 
of type IV dental stone materials with the same stone 
after adding silica nanoparticles. The null hypothesis 
was that nanoparticles would not adversely affect their 
properties. 

Experimental

Two groups were prepared from 40 stone specimens 
(i.e. each group contains 20 specimens). The control 
group was made of 10 specimens prepared without 
silica nanoparticles, while the comparative group 
was consisted of 10 specimens that were prepared by 
adding silica nanoparticles.

Linear dimensional changes
Specimens’ preparation

For the evaluation of linear dimensional changes, 
a stainless steel mold was prepared with a 30 mm 
diameter and a 3 mm height from its top part. This 
top was supported as single structure by base 38 
mm diameter and 30 mm in height. To make this 
mold with a shoulder suitable for a circular moving 
frame, the height of 6 mm permitted us to make a 
sample of 3 mm in thickness after taking a print of 
the upper surface (Fig. 1). The top surface of this 
mold contained 2 lines with triangular cross-sections 
and a 90° base angle and 75 µm width. These 2 lines 
were separated by a distance of 25 mm. Based on the 
recommendations of ISO 4823: 1992 test method 7.7, 
the impression was mixed according to manufacture 

Fig. 1  (a) Diagram illustrating a stainless steel mold; (b) stainless steel mold with a circular moving frame rest on base shoulder; (c) 
stone specimens.
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instruction at room temperature 23 °C and added with 
silicone impression material (Zhermack, zetaplus soft 
/ putty, easy mix / Italy), which was poured with type 
IV stone (Elite Model, Zhermach, Italy). The mixing of 
stone was carried out according to the manufacturing 
instructions:, water / powder ratio 21 mL / 100g at 
the same room temperature using a special mixer 
with vibration to decrease air bubbles (for the control 
group), while for the comparative group, 2% silica 
nanoparticles (Sigma-Aldrich, Germany) with 60-70 
µm in size were mixed in previous manner. But the 
weight of stone powder decreased 2% for the weight 
of nanoparticles: water / powder ratio 21 mL / (98 g 
stone + 2 g nano powder). To obtain a uniform blend 
and identical distribution of silica nanoparticles, 
ultrasonic mixer and high-energy ball milling were 
used, ball milling showed the best results, and then the 
manufacturing instructions were followed in mixing 
with water which was measured for mixing with stone 
powder. 

Measurements 

Digital microscope (Dino-lite × 200 magnification, 
Taiwan) was used to evaluate the linear dimensional 
precision of stone specimens and to compare them 
with that of a stainless steel mold. All specimens were 
examined by measuring the straight-line distance 
between the 2 cross lines, and the measurements were 
recorded to the nearest 0.005 mm. The measurements 
were carried out at × 90 magnification under 
reproducible low-angle lighting. Then, the findings of 
the dimensional accuracy were reported as the changes 
took place in linear dimensions (AL). The following 
equation was used to determine AL:

AL = l00 (L2 - L1), where L1 was the span between 
2 dotes (a and b) measured on the stainless steel mold, 
and L2 was the same span (a to b) measured on the 
gypsum model (according to the IS0 specification 
number 4823 recommendation).

Hardness
Specimen’s preparation

A plastic mold with dimensions of 10 mm × 10 
mm × 2 mm (Fig. 2) was prepared for evaluating 
the hardness test. A special mold container was used 
to take impressions with adding silicon impression 
material (Zhermack, zetaplus soft/putty, easy mix/ 
Italy) and poured to obtain 20 dies, 10 of which were 
poured with type IV stone (Elite Model, Zhermach, 
Italy)  contained silica nanoparticles while the other 

10 were poured with type IV stone without adding 
silica nanoparticles in a same manner described in 
Specimens› preparation for linear dimensional changes.

Measurements 

Vickers’ hardness test was used because of its 
exceptional capability to differentiate among solid 
substances having high rigidity [17]. This test was 
performed using a Micro-Hardness Vickers tester 
device (Zweick, Germany). The micro hardness 
device was supplied with a moving stage which had 
an accuracy of about 0.01 mm, an eyepiece with a 
magnification of × 100 and caliper for measuring. This 
provided the device with a resolution for measuring 

Fig. 2  Stone sample for hardness.

Fig. 3  The distribution of mean values for linear dimensional 
changes with standard error: (a) Control group; (b) comparative 
group.
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reaches to 0.001 mm.

The diagonal distance of the indentation mark was 
measured for each stone die specimen in the identified 
3 marks. The mean value for each specimen was 
calculated. Then, the actual Vickers hardness value 
for each stone die specimen was calculated using the 
following equation:

HV = W × k / d2, where the weight (w) was 50 
grams, k was a constant for the diamond indentation 
angle, and d was the diagonal distance of the 
indentation mark. The data were analyzed with t-test 
(two-sample assuming unequal variances) and p-value.

Results and Discussion

Mean, standard deviation and standard error 
regarding the linear dimensional changes are presented 
in Table 1. 

The independent samples’ t-test showed a significant 
difference between tested groups regarding linear 
dimensional changes (p-value = 0.0377)*. 

Mean, standard deviation and standard error 
regarding the hardness are presented in Table 2. 

The independent samples t-test showed a highly 
significant difference between tested groups regarding 
hardness (p-value = 0.00)*.

Usually, the casts and die materials must be 
characterized as dimensional stability, ability to 
reproduce fine details, solidified to a very hard 
and strong mass for abrasion resistance, easy for 
manipulation, no reaction with the impression material, 
have adequate transverse strength to withstand 
the force applied to it [1]. Frequently, dental stone 
is used to fabricate master casts [5] because it is 
economical, easy to handle and available in the market 
and compatible with impression material [8] with 

some limitations like, weak breakage resistance and 
dimensional inaccuracy [1].

The hardness and dimensional stability are important 
factors for successful dental restoration because they 
directly affect the accuracy, friction resistance and 
marginal fit of the restorations [1]. 

Adding the inorganic filler (silica nanoparticles) to 
the dental stones enhanced the mechanical properties 
of them. This filler was selected due to the successful 
results obtained when it was utilized for many 
experimental and commercial dental materials [9].

The current study was carried out by adding pure 
silica nanoparticles without functionalization to dental 
stones. The addition of silica nanoparticles leads to 
decreasing the linear dimensional changes of type IV 
dental stone and increasing their hardness significantly. 
This result can be attributed to that silica nanoparticles 
can enter the internal space between dental stone 
particles and occupy the present voids releasing air 
bubbles. There is no chemical reaction or bonding 
occurs between non-functionalized silica nanoparticles 
and stone / water mixture. However, the results may be 
justified that the small nanoparticles size and their large 
surface area lead to reducing surface tension area and 
increasing the wettability of hemihydrate (dental stone) 
to the water. The rate of solubility of the hemihydrate 
will be increased, and therefore a more rapid rate of 
crystallization will occur.  

Consequently, the porosity of dental stone decreases, 
leading to restricting the linear dimensional changes 
and cracking propagation in dental model, which 
clearly improves the linear dimensional changes and 
the hardness.

These findings confirmed the results obtained by 
De Cesero et al. which showed improved surface 
roughness values of the stones after adding silica 
nanoparticles. Functionalizing the stone / water 

Table 1  Mean linear dimensional changes, SD and SE of stone with and without adding silica nanoparticles

Materials Mean Standard deviation Standard error

Linear dimensional changes without  adding silica nanoparticles -0.396 0.0084 0.0026

Linear dimensional changes with silica nanoparticles -0.386 0.0094 0.0030

Table 2  The mean hardness, SD and SE of stone with and without adding silica nanoparticles

Materials Mean Standard deviation Standard error

Hardness without  adding silica nanoparticles 50.638 0.79 0.25

Hardness with silica nanoparticles 53.295 0.56 0.17
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mixture by silica nanoparticles led to deposition of 
these nanoparticles between the stone particles in the 
spaces which were occupied by the adsorbed water. 
The deposition occurred because of the functionalized 
nanoparticles, which was able to bind to the water 
molecules in the powder / liquid mixture. Thus, the 
surfaces of the stones became smoother, with smaller 
inter particle spaces [9].

In study of Vozza et al.[18], they evaluated the 
dimensional stability of silica reinforced polyurethane 
for casts, demonstrating the dimensional stability of 
silica reinforced polyurethane resin was higher than in 
2 synthetic type IV and type V plasters.

Accoding to the data obtained from Junior et al. [1] 
who analyzed linear dimensional change of different 
materials used for casting dental models, the plasters 
were superior in reproducing the actual measurements 
of the original matrix than resin materials.

Conclusions

Within the limitations of the study, the following 
conclusion may be drawn: The surface hardness 
of dental stone was highly significantly increased 
when adding non-functionalized silica nanoparticles; 
the linear dimensional changes were significantly 
decreased when adding non-functionalized silica 
nanoparticles.
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