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ABSTRACT 
Aims: To evaluate and compare the number and surface area of surface porosities of different  dental in-
vestment materials  by using two mixing techniques. Materials and Methods: Two mixing techniques; 
manual and mechanical were used to prepare specimens for four dental investment materials: Biosint Su-
pra, Rema Exakt, Rematitan Plus, and Deguvest soft. Computer programs are used to measure the number 
and surface area of the porosities to compare among them. ANOVA, Duncan multiple range test in addition 
to T–test were carried out to determine the significant difference at P<0.05. Results: In relation to the sur-
face area of the porosities, there are high significant differences among the investment materials tested, and 
high significant difference is presented between the two mixing techniques tested with the manual mixing 
technique and  showing higher value than the mechanical vacuum mixing technique. In relation to the num-
ber of porosities, there are no significant difference among the investment materials tested, but there are 
very high significant differences between the two mixing techniques tested with the manual mixing tech-
nique and showing higher value than the mechanical vacuum mixing technique. Conclusions: the number 
and surface area of the surface porosities differ from the different materials used, and differ in the same 
material by changing the mixing technique. 
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INTRODUCTION 
Dental  investment materials are being 

used for a growing number of different ma-
terial–forming procedures in the construc-
tion of an increasing variety of dental de-
vices. The major requirement of all dental 
investment materials is that they survive the 
various material–forming procedures with-
out fracture, deformation or surface degrada-
tion in order to achieve accurately fitting 
dental restorations(1). 

The porosity or pore volume of a mate-
rial has been defined as the total proportion 
of air spaces contained between the solid 
particles of which the body is composed (2). 
Porosity differs from permeability in that 
porosity includes all voids while permeabil-
ity is restricted to interconnecting voids (3). 

The mixing or spatulation of many dental 
materials is a troublesome and unpredictable 
process because of the introduction of poros-
ities caused by the nature of the water/ pow-
der  or paste/paste interaction. Such prob-
lems may also result from the mechanical 
action of the mixing device. Ideally, com-
pletely homogenous materials would be de-
sirable (4). The investment has a significant 
influence on the surface roughness of the 
cast part. The surface roughness of the cast 
part approaches  that of the surface of the 
mold. Therefore, a very smooth surface of 
the mold with only a few pores is neces-
sary(5). The aims of the present research are 
to evaluate and compare the number and 
surface area of surface porosities of different  
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dental investment materials  by using two 
mixing techniques manual and mechanical. 

 

MAERIALS AND MEHODS 
Four dental investment materials are used : 
1.Biosint Supra, Degussa, Germany, for Co–
Cr casting technique. 
2.Rema Exakt, DENTAURUM, Germany, 
for Co–Cr casting technique. 
3.Rematitan Plus investment, DENTAU-
RUM, Germany, for titanium casting tech-
nique. 

4.Deguvest soft, Degussa, Germany, preci-
sion investment for the complete range of 
precious metal casting  technique. 

Two mixing  techniques were used: ma-
nual  mixing  with hand spatulation, and 
mechanical vacuum mixing  using vacuum 
with a mixing machine (Multivac4, De-
gussa, Germany).Technical data were ex-
plained in Table (1). 

 
Table(1): Materials and technical data. 

Set time P:L ratio Mixing time Material 
30min 73g:11ml 1.5 – 2 minutes Biosint Supra 
30min 73g:11ml 60 seconds Rema Exakt 
40min 75g:12ml 60 seconds Rematitan Plus 
10min 100g:17ml 90 seconds Deguvest soft 

 
Ten specimens for each material were 

constructed. Specimens prepared by pouring 
investment material into cylindrical, plastic 
molds with a height of 40mm and a diameter 
of 20mm according to ADA specification. 
The handling of material (powder–liquid 
ratio and setting time) followed  according 
to manufacturer instructions provided  with 
each material Table (1). Digital balance         
( A&d company limited, Japan) was used to 
weight the powder and a graduated cylinder 
was used to measure the liquid. The molds 
were vibrated gently while being filled using 
electrical vibrator (Qualy Dental, England) 
then a glass plate was placed on top of the 
over–filled molds and pressed flush with 
uniform spatula with the mold ends to en-
sure flat and smooth end. 

All specimens were inspected under re-
flective microscope (Altay, Turkey) with a 
magnification power (x15). The pictures 
were captured in the computer using special 
digital camera connected via a cable to the 
computer; and using advanced computer 
program for movies capturing (Snazzi Mov-
ie Mill), The saved fractographs were in-
spected for porosities and the discovered 
porosities' area and number  were calculated 
using AutoCAD program (advanced pro-
gram for designing by computer) by drawing  

a fixed–dimension square shape around the 
sample's perimeter, and drawing cloud 
around the irregularly shaped porosity's 
area, and finding the area by finding the area 
of an object option available in the program, 
to exclude the magnification factor the per-
centage of the porosity's area to the cross 
section area were found. This method of 
measuring is similar to a method used by 
Al–Niaimi(6) who measured the surface po-
rosity of Co–Cr alloy. 

Statistically mean values and standard 
deviation were calculated. Mean values of 
the tested materials were compared with 
ANOVA followed by Duncan multiple 
range test to determine the significant differ-
ence at P<0.05 level of significance, while 
T–test was carried out to determine the sig-
nificant difference between the two mixing 
techniques at P<0.05 level of significance. 

 
RESULS 

Means for the combination of all groups 
(porosity surface area and porosity number) 
are shown in Table (2).  In determining the  
surface area of porosities, comparision 
among all the subgroushowed  very high 
significant difference between them (Table 
3). 
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Table (2): Means for all groups(porosity surface area and porosity number). 

Material &technique porosity surface area % porosity number/unit area 

Biosint Supra–manual 6.7473 5.4000 

Biosint Supra–mechanical 3.5330 4.0000 

Rema Exakt–manual 12.4718 7.8000 

Rema Exakt–mechanical 1.5964 2.4000 

Rematitan Plus– manual 2.4242 6.4000 

Rematitan Plus–mechanical 1.6129 4.2000 

Deguvest soft– manual 2.4364 4.8000 

Deguvest soft–mechanical 0.6737 1.6000 

 
 

Table (3):ANOVA test for all groups(porosity surface area). 
 Sum of SquaresDf*Mean SquareF–value Significance 

Between Groups 
Within Groups 

534.873 
223.873 

7 
32 

76.410 
6.996 

10.922 0.000 

Total 758.746 39    
        *degree of freedom. 
 
 

The (Rema Exakt–manual) showed  the  
largest value(12.4718%). There  were no 
significant difference between (Biosint Su-
pra–manual) and (Biosint Supra–
mechanical) but they both showed singnifi-

cantly lower value than the (Rema Exakt–
manual). (Biosint Supra–manual) showed 
significantly higher  value than the remain-
ing variables in which there were no signifi-
cant difference (Figure 1). 
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 Figure (1): Duncan Multiple  Rang  Test for all groups(porosity surface area). 
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In determining the  number of porosities, 

comparision among all subgroups showed 
very high significant difference between 
them (Table 4). 

 
 
 

Table (4): ANOVA test for all groups(porosity number). 
 Sum of SquaresDf*Mean SquareF–value Significance 

Between Groups 
Within Groups 

142.575 
107.200 

7 
32 

20.368 
3.350 

6.080 0.000 

Total 249.775 39    
   *degree of freedom 
 
 
 
There were no significant difference in 

the number of porosities per unit area be-
tween Rema Exakt–manual, Rematitan 
Plus–manual, and  Biosint Supra–manual, 
but they showed significantly higher number 
of porosity than the other groups.  There  
were no significant difference between: Re-
matitan Plus–manual, Biosint Supra–

manual, Deguvest soft–manual, Rematitan 
Plus–mechanical, and Biosint Supra–
mechanical but these subgroups showed sig-
nificantly higher number of porosities than 
Rema Exakt–mechanical subgroup. Degu-
vest soft–mechanical subgroup showed the 
significantly lowest number  of porosities 
among all the subgroups(Figure 2).

 
 
 
 
 
 

Figure (2): Duncan Multiple  Rang  Test for all groups(porosity number). 
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When comparing the investment materi-
als to each other, there were high significant 
difference between them in relation to the 

surface area of the porosities (P=0.01), (Ta-
ble 5). 

 
 

Table (5): ANOVA test for the materials(porosity surface area). 
 Sum of SquaresDf*Mean SquareF–value Significance 

Between Groups 
Within Groups 

203.939 
554.806 

3 
36 

67.980 
15.411 

4.411 0.010 

Total 758.746 39    
  *degree of freedom 
 
The  Rema Exakt showed  significantly  

higher value than Rematitan Plus and Degu-
vest soft. There were no significant differ-
ences between Rema Exakt and Biosint Su-

pra. There were no significant difference 
among Biosint Supra, Rematitan Plus, and 
Deguvest soft (Figure 3). 
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Figure (3): Duncan Multiple  Rang  Test for  materials (porosity surface area) 

 
In relation to the number of porosities, 

when comparing the investment materials to 
each other, there were no significant differ-

ence among them (P=0.242) (Table 6, Fig-
ure4). 

 
Table (6): ANOVA test for the materials (porosity number). 

 Sum of SquaresDf*Mean SquareF–value Significance 

Between Groups 27.075 3 9.025 1.459 0.242 
Within Groups 222.700 36 6.186   

Total 249.775 39    
          *degree of freedom 
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Figure (4): Duncan Multiple Rang  Test for materials (porosity number) 
 

In relation to the two mixing techniques, 
when determining the surface area of the 
porosities, there were high significant differ-
ences between them (P=0 .003) (Table 7), 

with the manual method showed higher val-
ue(6.0199%) than the mechanical method 
(1.8540%)(Figure5).  

 
Table (7): T–test for the techniques (porosity surface area). 

95% Confidence Interval of 
the Difference T–valueDf* Significance 

(2–tailed) 
Mean 

Difference 
Std. Error 
Difference Lower Upper 

3.357 21.622 0.003 4.1660 1.24096 1.58977 6.74217 

*degree of freedom 
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Figure (5): Means for the techniques (porosity surface area) 

 
In relation to the two  techniques, when 

determining the number  of the porosities, 
there were very high significant differences 
between them (p=0.000) (Table 8), with the 

manual method showed higher value(6.1) 
than the mechanical method (3. 05) (Figure 
6). 
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Table (8): T–test for the techniques (porosity number). 
95% Confidence Interval of 

the Difference T–
value Df* Significance (2–

tailed) 
Mean Dif-

ference 
Std. Error 
Difference Lower Upper 

4.749 38 .000 3.0500 .64226 1.74981 4.35019 

*degree of freedom 
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Figure (6): Means for the techniques (porosity number) 
 

DISCUSSION 
Porosity is simply the proportion of the 

bulk volume material occupied by voids (7). 
The difference among the investment mate-
rials in relation to the number of porosities 
and the surface area of porosity can be re-
lated to several factors depending on chemi-
cal composition, refractory particle size and 
handling techniques(8,9). The use of either 
mechanical or hand spatulation as well as 
increased and decreased pressures during 
investment preparation affects the incidence 
and size of pores and consequently the 
strength of the material(10). Lacey et al (11) 
showed that varying the powder/liquid ratio 
of investment will affect the incidence and 
size of bubbles within the material. 

Rema Exact having the highest surface 
area of surface porosities while Deguvest 
soft having the least surface area of surface 
porosities. The reason may be that Rema 
Exact had the highest powder /liquid ratio, 
while Deguvest soft had the lowest powder 
/liquid ratio and these are the manufacturer's 
instructions (Table 1). 

Hand mixing and mechanical vacuum 
mixing techniques were selected for this 
investigation as it has been shown that they 
produce the widest variation in pore surface 

area distribution(9). This research demon-
strated that handling techniques have a di-
rect influence on the number and surface 
area of the pores produced in dental invest-
ment material. This come in agreement with 
Johnson (12)  Chandler et al  (13)  and Lacey et 
al (11). 

The results of the present research 
showed that there was a significant differ-
ence in surface area of porosities between 
the investment materials in relation to the 
handling techniques. The  manual or hand 
mixed samples appeared to have greater sur-
face area of porosity than mechanical vac-
uum–mixed samples. Therefore the me-
chanical vacuum mixing technique resulted 
in smallest pore surface area. This result 
come in agreement with AbuHassan et al( 3)  

Juszczyka  et al(9) Scrabeck et al(4). 
The present research showed  that hand 

mixing technique exhibited greater number 
of porosities .This may be due to air bubbles 
trapped during the mixing process becoming 
incorporated into the set investment .Also, 
the pressure acts by reducing the surface 
area of air bubbles present in the investment 
as the pressure may force the particles of the 
investment closer together.  This result come 
in agreement with AbuHassan et al(3) , Scra-
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beck et al (4) , Juszczyka  et al (8) ,and  
Juszczyka et al (9). 

For the reasons mentioned above, me-
chanical spatulation under vacuum should 
be performed for dental investment  materi-
als to reduce surface porosities and to im-
prove the potential for accurate replication 
and casting. 

In spite of this, the investment should be 
internally porous enough to permit the air or 
other gases in the mold cavity to escape eas-
ily during the casting procedure. The mate-
rials that are so closely packed and they are 
virtually porosity free, there is a danger of 
back pressure building up which will cause 
the mold to be incompletely filled or the 
casting to be porous(14).  

 
CONCLUSIONS 

In relation to the surface area of the po-
rosities, there are high significant differ-
ences among the investment materials 
tested, and high significant difference is pre-
sent  between the two mixing techniques 
tested, with the manual technique  showing 
higher value than the mechanical technique. 

In relation to the number of porosities, 
there are no significant difference among the 
investment materials tested, but there are 
very high significant differences between 
the two mixing techniques tested, with the 
manual  technique  showing higher value 
than the mechanical technique.  
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