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ABSTRACT

Objectives: This study was conducted to assess and compare the effect of storage time on the 
dimensional stability of extended-pour alginates and polyether impression materials.

Materials and Methods: This study was applied on Kennedy class II mod 1 mandibular 
educational model. Impressions of the model were made using Hydrogum 5 (extended pour 
alginate) and Impregum polyether material. Four groups were defined according to the impression 
material and the pouring time: Group I: Impressions were made using extended pour alginate and 
were poured after one day. Group II: Impressions were made using polyether impression material 
and were poured after one day. Group III: Impressions were made using extended pour alginate 
and were poured after five days. Group IV: Impressions were made using polyether impression 
material and were poured after five days. For each group, ten different impressions were prepared. 
The impressions were poured to create the casts that were digitally scanned. A 3D data analyzing 
software was used to evaluate the presence of discrepancies between the original cast and the 
experimental casts.

Results: Group III showed the highest value 0.91±0.07, regarding average deviation from 
the defined horizontal plane in the reference cast, followed by group I 0.05±0.037, and group 
IV 0.25±0.019 while group II showed the lowest value 0.02±0.012. Kruskal Wallis test showed 
significant difference between the studied groups and Mann Whitney test with Bonferrioni 
correction showed statistically significant difference between Group III with group II and group IV.

Conclusion: Under appropriate storage conditions, polyether impression material poured after 
one day produced the most dimensionally accurate casts however, extended pour alginates attained 
clinically acceptable range of dimensional accuracy.
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INTRODUCTION 

Accurate impression procedures and precise 
creation of stone models are critical steps in the 
construction of successful restorations for oral 
rehabilitation. Impressions should replicate hard and 
soft tissues to fabricate biologically, mechanically, 
functionally and esthetically acceptable prosthesis. 
The impression material and the technique followed 
are important elements of impression accuracy. (1)

Five main factors may cause dimensional 
changes of impressions which are polymerization 
shrinkage, loss of by-products during condensation, 
thermal contraction from oral temperatures to room 
temperature, imbibition when exposed to water, 
disinfectants or high humidity and incomplete 
recovery of deformation because of viscoelastic 
behavior. Moreover, storage conditions, delayed or 
repeated pouring, and distortion of the impressions 
on retrieval from the casts influence the accuracy of 
the gypsum models. (2,3,4)

Polyethers undergo an addition-cured polymer-
ization reaction on setting which has no by-products 
resulting in a material with very good dimensional 
stability. They are highly hydrophilic, thus they are 
liable to water absorption from the atmosphere or 
the storage medium. They may also absorb water 
from the dental stone, which can cause expansion 
of the moulds and therefore smaller models.  Thus, 
the set impressions may swell and distort due to im-
bibition of water on storage in high humidity and 
it is advocated to store the impressions in a dry  
environment. (3,5,6)

Alginate is one of the most frequently used 
impression materials. Although some professionals 
use it for definitive impressions due to its good 
surface details and fast setting, yet problems with 
its dimensional stability limit its use. Alginates 
are hydrophilic in nature which facilitates making 
accurate impressions in the presence of saliva or 
blood. However, accurate alginate impressions 
are only achieved when the gypsum models are 
immediately poured. (4,7) 

Alginate impressions undergo imbibition 
and syneresis when left in the normal clinical 
environment thus the time before pouring them is 
critical. The impressions should be covered with 
damp gauze and left in zip-lock plastic bags until 
the casts are poured. The elastic recovery of alginate 
impression material is slow, thus pouring them 
should be delayed for 10 minutes only. However, 
wrapping the impressions in a wet paper towel can’t 
be an acceptable alternative to immediately pouring 
the gypsum models. It was reported that the alginate 
absorbs the moisture from the paper towels as well 
as uneven weight or pressure from the towels may 
cause distortion of the impressions. (5,8) 

A new generation of irreversible hydrocolloids 
was introduced in the market which is capable of 
maintaining its dimensional stability for up to 5 
days. This invention would change the established 
workflow of alginate impressions that has been set 
for decades which dictated that impressions must 
be immediately poured and never be immersed in 
liquids, wrapped in damp towels for long periods 
or stored before pouring them to obtain the gypsum 
models.

Very few studies investigated the dimensional 
accuracy of extended-pour alginates (7,9,10) Hence 
this study was conducted to assess and compare 
the effect of storage time on the dimensional 
stability of extended-pour alginates and polyether 
impression materials poured after one and five days 
of impression taking.

MATERIALS AND METHODS

This study was applied on Kennedy class II 
mod 1 mandibular educational model where the 
abutments were the first premolar and the second 
molar on one side and the second premolar on 
the other side. Impressions of the model were 
made using Hydrogum 5 (extended pour alginate, 
Zhermack, Italy) and Impregum polyether material. 
(3M Espe, Seefeld, Starnberg, Germany).
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Four groups were defined according to the 
impression material and the pouring time:

Group I: Impressions were made using extended 
pour alginate and were poured after one day. 

Group II: Impressions were made using polyether 
impression material and were poured after one day. 

Group III: Impressions were made using 
extended pour alginate and were poured after five 
days. 

Group IV: Impressions were made using 
polyether impression material and were poured 
after five days. 

Ten impressions were made for each group by a 
single operator.

Preparation of the model

Three stops were made on the model with 
autopolymerizing acrylic resin. These stops ensured 
the achievement of reproducible positioning of the 
trays during impression making. (Fig.1)

Two layers of spacer wax were placed on the 
teeth surfaces of the model in order to allow 4-5 
mm space for adequate uniform thickness of the 
alginate. 

One layer of spacer wax was utilized in the trays 
used for the polyether material.

Custom trays were prepared with auto-
polymerizing acrylic resin. Perforations in the 
trays allowed the excessive alginate to extravagate 
without resistance, allowing complete seating of the 
tray on the master model.

The manufacturers’ instructions were strictly 
followed during manipulation of the materials. The 
proper amount of tap water was placed in a mixing 
bowl and the impression material was added to it. 
The powder was folded into the water and mixed by 
hand till the mix was homogenous. The impression 
material was loaded in the trays and a small amount 
of material was wiped over the occlusal, facial and 
lingual surfaces of the abutment teeth. The trays 
were seated on the model until they rested firmly 
against the stops.

Impregum polyether was mixed using a glass 
slab and cement spatula. Equal lengths of base and 
catalyst paste were dispensed and an impression 
syringe was used to inject the material around the 
teeth. After the setting time, the tray was separated 
from the master model. (Fig. 1)

Following the manufacturer’s instructions, 
the extended-pour alginate impressions were not 
wrapped in paper towels but simply sealed in plastic 
zipper storage bags (100% relative humidity) at 
room temperature where the air inside the bags 
was removed as much as possible for the specified 

Fig. (1): Original cast, alginate and polyether impressions.
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storage time periods. The same was applied to the 
polyether impressions.

The impressions were poured at the specified 
pouring timings to create the models using type III 
dental stone, according to the manufacturer’s rec-
ommendations. 140 grams of powder were vacuum 
mixed with 40 ml of tap water. The stone was then 
gently vibrated into the impressions. After one hour, 
the stone casts were separated from the impressions. 
All casts were stored at room temperature for mini-
mum 24 hours before they were scanned.

The casts were sprayed with scanable spray 
(Shera scanspray, Werkstoff Technologie, Germany) 
to reduce the reflection of their surfaces before they 
were scanned. 

The desktop scanner was used to scan the casts 
and the original model using the 3 shape software. 
The casts were fixed on a plate inside the scanner 
with their labial surface facing the inside of the 
scanner. A STL file of the scanned image of the cast 
was created and imported to the measurement sys-
tem.

A 3D data analyzing software (Geomagic Con-
trol X) was used to evaluate the presence of discrep-
ancies between STL files of the original cast and the 
experimental casts. The STL file of the original cast 
was used as a reference. A horizontal plane was de-
fined on the original cast that was aligned 29mm 
from the base of the cast cross-sectioning the teeth 
to be used as a reference plane for the measurements 
of the experimental casts. (Fig. 2)

Ten STL files were obtained from every 
experimental group. They were matched with the 
reference file respectively by the best fit algorithm. 
Selecting and cutting tools inside the software were 
used on the matched imaging data to eliminate the 
irrelevant areas. Then the 3D data of the casts were 
generated for discrepancy analysis through the 
previously defined horizontal plane on the original 
cast. (Fig. 3)

RESULTS

Collected data were tested for normality by 
checking the data distribution, calculating the 
mean and median values, evaluating histograms 
and normality curves and using Kruskal Wallis 
test followed by Mann Whitney test. Data were 
presented by mean and standard deviation (SD). 
Kruskal Wallis test showed significant difference 
between the studied groups. It was followed by 
pair wise comparison with Mann Whitney test with 
Bonferrioni correction. The significance level was 
set at P ≤ 0.05. Statistical analysis was performed 
with IBM® SPSS® Statistics Version 20 for 
Windows.

Fig. (2): Horizontal plane defined on the original cast used for 
measurements of discrepancies in experimental casts.  

Fig. (3): The experimental and original casts superimposed 
together with the defined reference horizontal plane.



EFFECT OF TWO DIFFERENT IMPRESSION MATERIALS ON THE ACCURACY (3939)

As shown in table (1), regarding average 
deviation from the defined horizontal plane in the 
reference cast, group III showed the highest value 
0.91˚±0.07 followed by group I 0.05±0.037, and 
group IV 0.25±0.019 while group II showed the 
lowest value 0.02˚±0.012. Kruskal Wallis test 
showed significant difference between the studied 
groups and Mann Whitney test with Bonferrioni 
correction showed statistically significant difference 
between group III with group II and group IV.

Fig. (4): Mean deviation of the studied groups from the 
horizontal plane in the reference cast.

DISCUSSION

Impressions should be accurate and maintain 
their dimensional stability until poured to create 
gypsum casts. Accuracy is the ability to reproduce 
a true measured value while dimensional stability 

is the ability to maintain accuracy over time.  A 
material may be highly dimensionally accurate after 
its initial polymerization but becomes less accurate 
after storage for a period of time. It is critical that 
an impression material maintains its dimensional 
accuracy even when pouring of impressions is 
delayed.  (11)

The accuracy of an impression is determined 
by two factors which are trueness and precision. 
Trueness indicates the deviation of the tested 
impression from the original geometry. On the other 
hand, precision describes the deviations between the 
impressions in a test group. Both describe all aspects 
of accuracy of a specific impression technique. (12,13) 

In this study trueness was evaluated by detection of 
average deviations in the experimental casts from the 
previously defined horizontal plane in the original 
model where both models were superimposed 
together using the software.

The dimensional changes of the two impression 
materials after one day and after five days are 
multifactorial and material specific. Factors 
influencing the impression materials include 
syneresis, effect of free water loss or gain via 
evaporation and imbibition, ratios of calcium to 
sodium and fillers to polymers, molecular weight of 
alginic polymers and other proprietary constituents. 
However, dimensional changes related to syneresis 
are usually controlled to a great extent by the 

TABLE (1): Descriptive statics and p value of average deviation from the horizontal plane in the reference 
cast.

N Mean deviation Std. Deviation Std. Error Minimum Maximum P value

Group I 10 .0520ab .03706 .01075 .010 .11

0.008
Group II 10 .0200b .01247 .01958 .009 .04

Group III 10 .0910a .07340 .00348 .011 .24

Group IV 10 .0250b .01958 .00755 .012 .07
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manufacturer of the impression materials as they 
are influenced by the constituents of the alginate. (2-6) 

Thus, extended storage time may cause dimensional 
changes particularly in alginate impressions. (14,15)

Random errors may occur while making impres-
sions and generating gypsum casts. Such errors in-
clude incorrect ratios of gypsum powder to water, 
impression material may be unsupported by the tray, 
movement of the tray during setting, debonding 
from the tray, incorrect removal of the tray from the 
mouth and prolonged contact of the impression ma-
terial with the gypsum product. Gypsum products 
exhibit a net expansion during setting. (8)

Controversies exist regarding the clinically 
acceptable range of dimensional accuracy which 
varies 0.1% to 0.8%.(16)A study reported the amount 
of distortion during opening the mandible and 
impression making ranges from 0.1 to 0.5 mm . 
Similar to previously performed studies, the mean 
values (0.5%) were considered as the standard 
threshold for maximum permissible dimensional 
changes. (9,10,16) 

In this study, polyether impression material 
gave the most accurate results. This coincides with 
several previous studies that revealed that polyethers 
were more accurate than the other materials. (11,17,18) 
This may be attributed to their addition-cured 
polymerization reaction on setting which has no 
by-products resulting in very good dimensional 
stability. Although, the extended pour alginates 
showed significantly higher deviations than 
polyether when poured at one and five days, yet it 
had clinically acceptable dimensional changes at all 
pouring times. These results coincide with previous 
studies on extended pour alginates. (7,9,10,19,20)  

In this study, there are some limitations, as this 
experiment could not be considered identical to 
pouring a cast from intra-oral impressions due to 
absence of the effect of oral fluids, soft tissues and 
different arch forms. Thus, there is scope for further 
researches taking these factors into consideration.

CONCLUSION

Under appropriate storage conditions, polyether 
impression material poured after one day produced 
the most dimensionally accurate casts however, 
extended pour alginates attained clinically 
acceptable range of dimensional accuracy.
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