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Introduction

Fixed mechanics and removable appliances are the main
components of modern orthodontic treatment. These
components are applied at different stages of treatment for
various purposes such as tooth movement or retention. In
order to make some orthodontic mechanics like removable
appliances or lingual retainers, a dental stone model is needed.
Alginate impression materials are widely used to produce stone
models, although some new digital impression-taking devices
have been developed. Alginate impression materials have many
advantages, such as their ease of use and low cost, but their
main disadvantage is dimensional instability [1-6]. Disinfection of
alginate impressions is the one of the main processes in dental
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clinics and laboratories for proper infection control [7,8]. The main
methods for disinfection are spraying alginate impressions with
disinfectants orimmersing alginate impressions into disinfectants
[9,10]. However, immersion or spraying of alginate impressions
with those solutions reportedly compromises the dimensional
accuracy and surface quality of the resultant stone models. There
are also several other factors that may influence the accuracy of
dental casts such as the type of impression material, impression
technique, type of tray used, casting materials, storage condition
andtime, and disinfectant procedures for impressions which
require further investigation for proper use [11,12].

This study investigated the effects of impression materials and
types of disinfectants used on the accuracy of stone models.



Materials and Methods

The materials used in the study are displayed in Table 1. A device
called Dento (BM1 professional, Bosch, Germany) that simulates
the mouth was designed and produced by combining a maxillary
typodont and a universal holder for a standard impression. The
position of the impression tray on the universal holder was
stabilized with the help of two screws (Figure 1). All impressions
were taken with the same type and size of impression tray (Figure
1) to reduce impressions biases. Alginates were prepared with an
automatic alginate mixing machine (Gulsa, Izmir, Turkey) (Figure
1) according to the manufacturers’ instructions.

A total of 168 alginate impressions were taken and a
disinfection process was applied according to manufacturers’
recommendations. One hundred and twelve of these impressions
were poured immediately after the disinfection process, while
the rest of the impressions were produced from an “extended
pour.” Thesealginates were kept at room temperature in sealed
plastic bags for four days and then poured. Pouring of impressions
was standardized by using the same brand of gypsum as the
control group and an automatic gypsum mixing machine (Bego,
Bremen, Germany) (Figure 1). The stone models were divided
into 24 groups and given numbers. Some reference points were
determined and an experimental area was produced on the
vestibule surface of the stone models (Figure 2). A splint was
made for stabilization of the stone models during the scanning

Table 1 Materials used.

Materials Trade names -Manufacturers

- Materials used (Universal holder.
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Alginate mixer and Gypsum mixer).

/

-~

- Scanning process with 3D laser scanner.
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process (Figure 2). The splint and 3-D laser scanner (Next Engine
Inc., Santa Monica, California, USA) were fixed together. Scanning
the samples was carried out using the 3-D laser scanner’s (Figure
3) own software. The scanning area on the stone models that was
set up (with the same reference coordinate) in the software was
selected to provide the most favorable light contact for precise
measurements during the scanning process. The resulting image
from the scanner is a cloud of points with known positions
(coordinates of x, y, z) on which the smallest possible triangles
were drawn to create a dimensional approximation of the scanned
surface with an approximation accuracy of 10 um (Figure 4). The
dimensional changes in the stone models were then calculated
from the data generated by the AB cross- sectioning of the virtual
stone models in the incisor region (Figure 2). Scanning the stone
model samples, generating their virtual models, and gathering
data (about 100 data points) from the cross-sections was carried
out for each sample. At the same time, for each stone model, the
right upper (Figure 4) molar size was measured with the help of
a digital microscope (Leica Co., Mannheim, Germany) and screen
caliper (Iconico software, California, USA) (Figure 5).

In this study, cross-section data from the virtual 3-D model were
used to analyze contractions in two dimensions with multiple
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data points while molar data were used in one dimension with
one data point.Statistical analysis for dimensional changes was
implemented by two-way analysis of variance (ANOVA) followed
by Tukey’s post hoc test using R (2015) software. Tukey’s post hoc
test was performed to compare mean values between groups. A
value of p<0.05 was considered statistically significant.

Results

Table 2 illustrates the molar sizes and their contractions
in cross tabulation form. These results indicate that molar
contractionvaried between 1.2 and 3.2% in dimension. Table 3
shows the results of two-way ANOVA for molar measures. These
results indicate that comparison of alginates was significant,
but disinfectants and their interactions were not significant. A
Tukey’s post hoc test revealed some significant results for alginate
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material pairs (Hydrogum—Hygemax Ext Pour, Hydrogum-—
Hydrogum Ext Pour, and Hydrogum Ext Pour—Blueprint),
while results were nonsignificant for disinfectants and their
interactions. According to the mean values of the stone models,
the greatest contraction was realized on Hydrogum ExtPour
alginate, which was also significantly different from the results of
other alginates. The smallest contraction, on the other hand, was
observed on Blueprint alginate. The contraction results for mean
values of the stone models treated with disinfectant revealed
that the greatest contraction was seen on NaOCI disinfectant
and the smallest contraction was seen on Unident disinfectant,
but the post hoc tests for this group showed insignificant results
between disinfectants. It was also revealed that the best accuracy
was obtained from Blueprint-Zeta, while the worst accuracy
was obtained from the Hydrogum Ext Pour— NaOCI| alginate—
disinfectant combination.

-~

- Data of scanning process.

-

~

J

Table 2 Dental cast right upper first molar tooth size mean contraction and standard deviation-in parenthesis (mm, master typodont size: 10,028 mm).

Alginate Disinfectant NaOCl lzosprey

Mean Contraction
mm (%)

Unident

Table 3 Two-way ANOVA (with replication) results for molar tooth of stone models.

Sum of Square

Mean Square
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- Measurement of Molar tooth.

Table 4 Cross tabulation of mean contraction of dental cast at cross section profile (mm)*.

Alginate Disfectant

IZOSPREY

UNIDENT

*Arithmetic mean and standard deviation (in parenthesis) of the difference between typodont and sample cross section.

Table 5 Two-way ANOVA (with replication) results for cross section of stone models’ incisor region.

Sum of Square

Mean Square

A more comprehensive analysis of dimensional change was
carried out on 3-D scanner data from a cross-section of the incisor
region (Table 4), as the data gathered from the molar size were
limited to the number of stone models. The scanner data were
statistically analyzed through two-way ANOVA with replication,
and the differences between the means were calculated by
Tukey’s honestly significant difference test with probability <0.05.
The results are illustrated in Table 5. The data show that both
factors (brand of alginate material and disinfectant material) as
well as their interactions were significant, indicating substantial
variation in the dimension of stonemodels.

A Tukey’s post hoc test revealed that the brand of alginate could
be aggregated into three groups: Hygemax, Hydrogum Ext Pour,

4

and Cavex; Hygemax Ext Pour and Hydrogum; and Blueprint.
Pairwise comparisons within the aggregated groups were
insignificant, while those among groups were significant. In the
case of the disinfectant material, all pairwise comparisons showed
significance differences. In addition, interactions between brand
of alginate material and disinfectant were significant for many
cases (Table 6). This study indicated that the contraction of stone
models varies significantly depending on the alginate material
and disinfectant used. Therefore, one should know the best
combination for proper use. According to the results (with the
investigated material), the best outcomes were obtained from
Hydrogum and Blueprint alginate with Unident disinfectant.
Yet, Hygemax Ext Pour alginate provided similar results for all
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Table 6 Tukey’s some pairwise comparison results for interaction (A*B).

Alginate - Disinfectant Material

disinfectants with the lowest mean value. The worst case in this
experiment was obtained from Hydrogum Ext Pour alginate with
Zeta disinfectant.

Discussion

In the present study, a maxillary typodont was used as a master
model, in line with many previous studies. For the effects of the
type of gypsum and mixing methods on model dimensions [13-
15]. All these study design factors led to the sound comparison
of groups with one another. The scanning region on the stone
models was selected to provide the most favorable light contact
for precise measurements. The accuracy of the scanning process
with the 3-D laser scanner was proper and sufficient for this
experimental study. This surface analysis can help clinicians see
what is really going on in terms of surface dimensions and can be
helpful for laboratory work like removable appliance production
or can simulate lingual retainer production. In addition,
for comparability and percentage contraction calculations,
measuring the right upper first molar size with the help of a
digital microscope can provide an idea about a linear analysis
of stone models like the Bolton analysis. The effects of different
alginate impression materials and disinfectant solutions on the
dimensional change and the dimensional stability of resultant
stone models have been previously investigated, and different
results have been obtained [16]. In the present study, it was
indicated that the type of alginate material and disinfectant can
effects the contraction of stone models significantly like some
previous studies.

In literature, the study of disinfectant solutions (sodium
hypochlorite and glutaraldehyde) on stone models from
three brands of alginate impression materials (Algiace Z, Star
Mix, and Alginoplast EM) with gypsum showed no significant
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Alginate — Disinfectant Material

Difference

differences regarding the dimensional change between the
spray treatments of different disinfectant solutions, except
for the Star Mix impressions [17]. Present study’s results show
that the combination of alginate material and disinfectant very
important for degree of contraction. Linear measurement of
molar tooth width detected different degree of contraction
between 1.2 and 3.2%. In the present study, different type of
alginate materials and disinfectants were used. These factors
and the disinfection method can affect the results of the study.
On one hand the greatest contraction was realized on Hydrogum
Ext Pour alginate, on the other hand the smallest contraction was
observed on Blueprint alginate. Another study on stone models
made by Hiraguchi et al [18]. It revealed that the dimensional
stability of an alginate impression in sodium hypochlorite
solution varied according to types and brands. It was also
reported that alginate impression materials, similarly to another
report on stone casts, showed small dimensional changes
when immersed water or sodium hypochlorite solution [18,19].
However, Muzaffar et al [20] showed that Blueprint Cremix and
Hydrogum alginates treated with distilled water, Perform ID
and sodium hypochlorite over a period of 1 hour continuously
shrank with time. Present studies results were analogous with
these three studies’. Because detailed analysis of dimensional
change was carried out on 3-D scanner data from a cross-section
of the incisor region showed that the type of the disinfectant
has significant effects on contraction. Present dimensional data
gathered from this type of scanning method is new for dental
dimensional researches and can be helpful at future studies. In
addition, interactions between brand of alginate material and
disinfectant were significant for some pair wise comparisons.
The best combination was Hydrogum and Blueprint alginate with
Unident disinfectant with lowest contraction. On the other hand,
the worst combination was obtained from Hydrogum Ext Pour
alginate with Zeta disinfectant with highest contraction.
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As stated in previous studies, the dimensions of stone models
produced from disinfectant-treated alginate impression materials
demonstrate various degrees of contraction, emphasizing the
need to observe alginate and disinfectant interactions for stone
model dimensional accuracy.

Conclusion

The implication for the current work is clear: The dimensional
accuracy of stone models varied with the alginate impression
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