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Abstract

Objective: To measure the effect of different contact time between 
the alginate impression and type III dental stone on cast model 
properties in the terms of dimension stability, hardness and surface 
details reproduction. Material and methods: Sixty-seven cast 
models were obtained from stainless steel cylinder using alginate 
impression material and type III dental stone. Thirty-seven cast 
models were separated after one hour (control group) and 30 cast 
models were separated from impressions after 9 hours. The samples 
were evaluated under light microscope for surface details, measured 
by digital caliper for dimension stability and hardness was tested 
by making indentation on the cast then measuring the depth using 
digital caliper. Results: The dimension stability of cast models 
was not affected by increasing contact time between type III dental 
stone and alginate impression while surface details decreased. In 
the meanwhile, hardness was improved with increasing contact 
time. Conclusion: According to the results of this study, pouring 
of impression up to 9 hours can negatively affect the cast model 
properties in the term of details richness. 
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Introduction

In dentistry, there is a need for a replica of 
oral-dental tissues for diagnosis and treatment 
of oral diseases [11, 19]. These replicas are made 
from impressions that poured to make what 
called cast model or die [14, 19, 21]. The most 
extensively used materials for this purpose are 
alginate and gypsum products [8]. The alginate 
is a hydrocolloid material used in dentistry since 
1940 because of its easy mixing, low cost and 
well accepted by patient [8, 15, 17]. It consists of 
a powder containing calcium or potassium sulfate 
and fillers as primary components. Commercial 
alginate has some additives to calcium salt which 
improves its properties such as diatomaceous earth-
filler to increase rigidity and facilitate mixing, tetra 
sodium pyrophosphate (retarder), magnesium oxide 
(pH modifier) and setting aids such as sodium 
fluorosilicate [2, 14]. This product is regulated by 
ISO 1563:1990 and its properties are described 
in ANSI/ADA specification no. 18-1992 for alginate 
impression materials [2].

Unfortunately, alginate is not dimensionally 
stable thus it is necessary to pour the impression 
immediately after molding has been accomplished 
[12, 15] or within up to 60 minutes if the impression 
is kept in 100% humidity [23]. These changes 
in dimension can be explained by two main 
phenomenons; syneresis which results in impression 
contraction and imbibition that makes the impression 
expands [12, 14]. The ADA specification no 18 accept 
an error of 75 µm in the alginate impression as a 
maximum dimension change [2].  

It is of a good practice to separate the impression 
from the cast before the hydrocolloid dehydrates 
because that the dried alginate can cause abrasion 
on the cast during its removal [7]. Working cast 
model and die of gypsum used in fabrication 
of dental restoration must provide dimensional 
stability, strength, and resistance to abrasion as 
well as they must reproduce surface details [5]. 
Specification no. 25 of ADA revealed that details 
reproduction is satisfactory when a copy line of 
50µm in diameter reproduced continuously across 
the stone cast. These details can be affected by the 
type of impression material used and disinfection 
method [1, 3, 4, 10]. 

Hardeners are added to stone to improve the 
hardness of the cast. Cyanoacrylate increases the 
surface hardness 150% and abrasion resistance 
48% [6, 9]. Although some studies showed that the 
surface hardness was not affected by impression 
disinfection [22], others disagree with these results 
[13]. The dimension stability of the cast model is not 
only affected by alginate syneresis and imbibition 

but also depends on the clinician handling of 
alginate impression and prolongs contact time 
between alginate impression with gypsum product 
[14, 20]. The hypothesis that was tested in this 
study was that the effect of contact time between 
alginate impression and type III dental stone on 
model properties after different interval periods.

 

Material and methods

For conduction of this study a stainless 
cylindrical model was constructed according to 
ADA specification no. 18 for alginate impression 
material [2]. The dimensions of the cylindrical 
model were 25 mm in width and 15 mm in length 
with reference lines in surface 75 µm, 50 µm and 
25 µm in width and 2.5 mm apart from each 
other. These lines were used to measure surface 
details reproduction. Two bisecting lines (x and 
x’) were marked to test the dimension stability by 
measuring the distance in between. The hardness 
was assessed by making indentation along the 
50µm longitudinal line and measuring the micro 
scratches [2, 10, 23]. Ten special trays were made 
from chemical cure acrylic resin (Superacryl Plus, 
SpofaDental, Markova, Czech). Two wax sheets 
(2.8 mm in width) evenly lied around the cylinder 
then acrylic dough was applied to grantee an equal 
width of alginate impression material around the 
cylinder. After material setting, the special trays 
were finished and perforated. All impressions of the 
cylinder were made using high precision, chromatic 
alginate (Alginmax, Major, Moncalieri, Italy) and 
the instructions of the manufacturer were followed. 
The impressions were poured with type III dental 
stone (Gyproc, Prevest Denpro, Jammu, India) to 
produce the cast models. Sixty-seven cast models 
were obtained from impressions after different 
interval times, they were randomly divided into 
two groups; Group A (no=37): is the control group 
where the casts were removed after one hour, and 
Group B (no=30): is the study group where the 
casts were removed after 9 hours. All casts were 
preserved for 48 hours in well-sealed plastic bag 
until testing. All properties were carried out by 
one examiner.

The properties of the resultant casts were 
tested as follows:

Dimension stability examination

The dimension stability measured indirectly 
from the cast between x and x’ along the 50µm line 
by using digital caliper (Digital Caliper, Hornady, 
New York, USA).
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Surface details examination

The surface details were evaluated by reproduction of A, A’, A’’ according to the scores index (table 
I). Evaluation was performed under x4 magnification and 100 watt artificial light (VanGuard, VEE GEE 
Scientific, Kirkland, USA).

Table I – The surface details index

Score Impression surface

0 None of three lines were visible

1 Only line (75 µm) was clear

2 Line A (75 µm) was clear and line A’ (50 µm)presented

3 Lines A (75 µm) and A’ (50 µm) were clear

4 Lines A (75 µm), A’ (50 µm) and A” (25 µm) were clear

Hardness examination

Hardness was measured by depth of indentation made by 997 Newton in 15 seconds. The casts were 
mounted on the machine (W&T, Avery, Birmingham, England) to accommodate the ball along the 50µm 
line. The cast was released and measuring of the indentation was performed using digital caliper.

Results

Stat ist ica l Package for Socia l Sciences 
Software (SPSS V20, IBM, Chicago, USA) was 
used to perform the statistical analysis. Table 
II shows the descriptive statistics of dimension 
stability in mm and hardness measured along 
the 50µm line. Student’s t-test was utilized to 
measure the significance of differences between 
the groups. There was no significant difference 
(P-Value = 0.120) in the term of dimension 

stability between the two groups while high 
significant difference (P-Value=0.0001) in hardness 
readings existed. Regarding surface details the 
results of the study shows that the two groups 
could duplicate two lines clearly 50 µm and 75 
µm (table III). For analyzing the comparison in 
surface details between the two groups Mann-
Whitney non-parametric test was applied because 
the data is not quantitative (ordinal scale). No 
significant difference between group A and group 
B was observed (P-Value=.051).

Table II – Descriptive Statistics for dimension and hardness by groups

Groups Dimensions from x to x’ 
along 50 µm line in mm Hardness reading

Group A (one hour)

Mean 17.45 0.52

N 37 37

Std. Deviation 1.66 0.24

Minimum 7.64 0.20

Maximum 17.99 1.17

Group B (9 hours)

Mean 17.84 .1860

N 30 30

Std. Deviation 0.267 0.12

Minimum 17.23 0.04

Maximum 18.44 0.41
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Table III – Surface details by group

Groups
 

 Surface details

Total
 

Only two lines were clear
A (75 µm) and A’ 

(50 µm) 

All lines were clear
A (75 µm), 

A’ (50 µm) and A” 
(25 µm) 

Group A (one hour)
Count 0 37 37

% 0.00% 100.00% 100.00%

Group B (9 hours)
count 3 27 30

% 10.00% 90.00% 100.00%

Total 
count 3 64 67

% 4.48% 95.52% 100.00%

Discussion

In daily dental practice immediate pouring of the 
alginate impressions may not be always accessible. 
Thus, the impressions are wrapped in a paper towel or 
saved in a well-sealed bag with appropriate humidity. 
Failure to achieve these requirements will affect the 
properties of these materials [18]. Nevertheless, taking 
a long time to separate the cast from the impression 
will result in deterioration on some properties of the 
model cast. This study was set out to investigate the 
possible changes of the properties on the cast model 
after different time contact between the gypsum type 
III dental stone and alginate impression material. 
The results showed that there were no significant 
changes in the dimension stability of the stone 
cast models in different periods. Surface details 
and hardness evaluation showed differences among 
the two tested groups. The hardness significantly 
increased with increase contact time while the surface 
details richness decreased with increase contact time. 
Despite this, very few studies have investigated the 
impact of the prolonged contact time between alginate 
impression and dental stone. 

Marquezan et al. [15] found that the contact 
time between alginate impression material and type 
III dental stone did not affect the dimension of cast 
models. Although their study was conducted to test 
the properties between one hour and 12 hours of 
contact time the results regarding the dimension 
stability was also as that obtained from this study 
which compared the results between one hour and 
9 hours of contact time. The surface details were 
not destroyed in this study, the two groups duplicate 
lines 75 µm and 50 µm clearly which are satisfied 
according to ADA specification no 18 for alginate 
impression material, and no. 25 for gypsum product 
respectively [1, 2]. 

All model casts of Group A (one hour contact 
time) could reproduce the line 25 µm whereas about 
10% of Group B samples (nine hours contact time) 
failed to reproduce that line. This might indicate 
that increased contact time between alginate 
impression material and stone can affect the 
richness of details. On the other hand this difference 
in reproducing line 25 µm is not of considerable 
clinical importance according to ADA measures. 
However, the two groups could effectively reproduce 
the other two lines (50 µm and 75 µm). These 
results are similar to another study conducted by 
Murata et al. [16] which showed that the alginate 
impression material and type III dental material 
are compatible to each other and could reproduce 
the surface details effectively. They explained that 
result by the presence of specific interaction between 
alginate impression material and dental stone led to 
surface roughness of the dental cast. On the other 
hand, the results of Mariana et al. showed that when 
increase contact time most of the samples did not 
reproduce line 50 µm, and did not comply with the 
ISO standard [2]. This difference in results may be 
due to the difference of the materials brands used 
in each study, handling of the materials, and the 
environmental circumstances. 

Hardness evaluation of the tested samples 
in this study showed that the depth of scratches 
decreased as the contact time increased, group A 
was significantly different from group B in the depth 
of the scratches. These findings further support the 
results of Marquezan et al. [15]. These results also 
match those observed in earlier study conducted 
by Hiraguchi [13]. However, several limitations of 
this study should be noted; use of digital caliper in 
measurement instead of profilometer – in spite that 
digital caliper used in this study produced good 
reproducibility between repeated readings for each 
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linear measurement, direct comparison with other 
studies is somewhat difficult because the differences 
exist in material brands and measuring techniques, 
and testing only two interval periods with long 
time in between. Thus, further studies with more 
accurate devices and multiple interval periods with 
short time in between are recommended. 

Conclusion

Within the limitations of this study, it can be 
concluded that increased contact time between 
alginate impression material and type III dental 
stone:
• Did not affect the dimension stability of stone 
cast model;
• Decreased richness of details after nine-hour 
contact (it is not clinically significant according to 
ADA measures);
• Improved the hardness of the stone cast model 
after nine-hour contact much more than one-hour 
contact.
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