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ABSTRACT

The aim of this study was to verify the effectiveness of alternative techniques for measuring the linear
dimensional change of molds obtained by different impression materials. A stainless-steel die containing
three lines was used to get the impressions. The impression materials were handled according to the
manufacturers' instructions. After gelation/polymerization time, the molds (n=12) were stored for 30 minutes
and the lines were subsequently measured using: a microscope (Olympus Measuring Microscope STM,;
Olympus Optical Co) with a 30x magnification (MM, control group), a digital caliper (Mitutoyo Digimatic;
Kawasaki) (DC) and digitization using a digital camera (Canon EOS Rebel 3Ti; Canon) (DI). For each mold,
a mean of the length of the lines was obtained. For each impression material, the difference in the length
between the metallic matrix and the mold was considered as linear dimensional change (%). The data were
submitted to the non-parametric Kolmogorov-Smirnov test, followed by one-way Analysis of Variance
(ANOVA) for each material, and the means were compared by the Tukey test (¢=0.05). The DI group
promoted values of dimensional accuracy without significant differences with the control group (MM),
except for the putty-body condensation silicone. The DC group showed significant differences for MM and
DI groups for all impression materials tested. The DI group showed to be a reliable methodology (Standard
error of the mean <10%) to measure the linear dimensional change of all impression materials. The DI group
presented molds with linear dimensional change values without significant differences with MM group,
except for the putty-body addition silicone. The digitization is a reliable methodology to evaluate the linear
dimensional changes of molds made with impression materials, except for the putty-body elastomeric
impression materials.
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1. INTRODUCTION

There are many reasons for dimensional changes in a mold: polymerization contraction, loss of by-product
(water or alcohol), thermal contraction by changing the temperature from the mouth to room temperature,
imbibing, syneresis and/or evaporation, and incomplete elastic recovery. [1, 2]

The accuracy and dimensional stability of impression materials are properties of clinical interest and of
fundamental importance, since they correspond to requirements for good adaptation of prostheses or indirect
restorations. [3, 4] Considering the importance of the dimensional stability of the impression material and
that literature has not yet completely established the most accurate molding technique, clinical and laboratory
studies comparing different impression materials and protocols are extremely relevant to assist the clinical
decision of dentists. [3, 5]

Recommended by international guidelines such as 1SO (International Organization for Standardization)
21563:2013 [6] and 4823:2015 [7], most of the studies evaluating the accuracy and/or dimensional stability
of the impression materials use a measuring microscope [4, 8-10]. The main advantage of this method is the
precision to measure the linear distance between two points in a specimen.
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Currently, the advances in image processing and analysis techniques through software have been
changing the reality in several areas of Dentistry. Digitization is already widely used in studies that demand
precision in the measurement of small distances, such as in radiology, [11-13] orthodontics, [14, 15]
implantology, [16-21] and periodontics. [22] This technique is also used in prosthesis to evaluate the
accuracy or dimensional stability of molds or gypsum casts. [23-32] This technique allows the operator quick
and easy access to documentation, backup of documentation and protection against physical damage,
reduction in the space required for data storage and ease of information sharing. [33]

Another faster and accessible (less expensive) option is the digital caliper, an instrument that is easy to
handle and widely used in scientific study to measure micrometric distances, [34-36] even with some
important disadvantages such as significantly lower accuracy (10um) and impossibility of magnifying the
image for the correct positioning of the digital caliper which impairs the standardization of readings.
However, measures calculated in disagreement with 1SO standards are not accepted scientifically due to the
lack of regulated standardization. In addition, there are no scientific studies that evaluate the feasibility
(compare) of these methodologies.

In view of the above, it is very pertinent to compare these alternative techniques for measuring
dimensional change using the measuring microscope technique (regulated by 1SO) as control. The objective
of this study was to verify the effectiveness of techniques using the digital caliper and a digital camera +
software for measuring the dimensional accuracy of molds obtained by different impression materials.

2. MATERIAL AND METHODS

A t-test was performed for the sample calculation to establish the minimum number of samples needed to
perform the methodology (Table 1). The estimated mean of the sample and the standard deviation were
obtained through data available in the scientific literature [4, 27]. The mean of the population was acquired
by the pilot test.

Table 1: Sample calculation with data obtained from the scientific literature (estimated mean) and pilot study
(mean of population)

Values
Estimated mean of sample 25.20
Standard deviation 0.09
Mean of population 25.16
Power of the test 95%
Alpha level 0.05
Sample Size 11

A stainless-steel cast (1SO 21563:2013 and 1SO 4823:2015) was used to perform the moldings with
elastomeric materials and alginate containing silane (Figure 1 and 2) (Table 2). The horizontal linear
distances in the stainless-steel cast were measured in three different methods: group I (MM/control group) -
using measuring microscope (Olympus Measuring Microscope STM; Olympus Optical Co) with a 30x
magnification; group Il (DC) - using a digital caliper (Mitutoyo Digimatic; Kawasaki) with an accuracy of
0.01 mm and; group Il (DI) - through digitization using a digital camera (Canon EOS Rebel 3Ti; Canon)
with a 100mm macro lens attached to a tripod and the distances being measured by ImageJ software (US
National Institutes of Health, Bethesda Softworks; Rockville).

Figure 1: Stainless-steel die (ISO 21563:2013 and 4823:2015).



() G OLIVEIRA, AR.B,; SINHORETI, M.A.C.; AMARAL, M., et al., revista Matéria, v.26, n.2, 2021

Figure 2: Stainless-steel die with scale bar. The average of the distances AB, CD and EF represents the
horizontal linear distance.

Table 2: Impression materials and chemical composition.

IMPRESSION MATERIAL COMPOSITION

Hidrogum 5, Zhermack
Lot: 0000298841
Exp: 08/2019

Potassium alginate, diatomaceous earth, calcium sulfate,
trisodium phosphate and triaminofunctional silane. '

Zetaplus / Oranwash L, Zhermack Base paste: polydimethylsiloxane-based silicone polymers with

Lot: 279909 (light-body) hydroxyl terminal groups, fillers (silica and others) and
276074 (putty-body) pigments

Exp: 04/2020 Catalytic paste: pigment, mineral oil, filler and hardener. *

Impregum Soft, 3M Dental Products Polymer of polyether, triglycerides of fatty acids, dibenzyl

Lot: 623378 toluene, pigments, sulfonamide, polyethylenepolypropylene

Exp: 10/2019 glycol and filler (diatomaceous earth). *

Futura AD Light / Putty, DFL Industry and Commerce | Polyvinylsiloxane, silicon dioxide, hydrocarbon,

Ltda. methylhydrogenosiloxane, dyes and organoplatinum complex.”

Lot:17110791 (light-body)
Lot:17120876(putty-body)
Exp: 12/2019

7[35]. *[36]. “Manufacturer

The impression materials were handled according to the manufacturer’s instructions. [2, 4, 5, 8] A glass
plate was used to standardize the applied pressure and allow the excess of impression material to overflow.
The stainless-steel die and the glass plate were disinfected with 92.8% ethyl alcohol after each molding and a
period of 5 minutes was waited for total evaporation. The molding procedures were performed in a room with
controlled temperature (25+2°C). After full set of the materials, the samples were stored for 30min at 25°C (+
2°C). The irreversible hydrocolloid molds were kept in an airtight container with 100% relative humidity and
the elastomeric molds in a dried and airtight container. Careful visual inspection was performed by
discarding any defective mold, such as pores, bubbles, tears or absence of material that would interfere with
the reading of any of the lines.

After the storage period, the 36 specimens prepared from each impression material were divided into
three groups (n = 12): MM, DI and DC. A previously calibrated examiner performed three length readings on
each of the three lines using the three measurement methods.

In this way, an average was obtained by each specimen. Initially, the data obtained were submitted to
the non-parametric Kolmogorov-Smirnov test to verify the homogeneity of the values. Then, the data were
statistically analyzed by one-way Analysis of Variance (ANOVA) (line length), and the means were
compared by the Tukey test (o = 0.05). The standard error of the mean (SEM) was calculated for the groups
that did not present significant difference with the MM group, according to the formula: SEM=s/vn; where
s=standard deviation of the sample and n=sample size. For these groups, in each impression material, the data
were also submitted to the one-way ANOVA test (linear dimensional change mold-matrix) and the means
compared by the Tukey test (a = 0.05).
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3. RESULTS

The digital caliper (DC) showed significant differences in the average length of the lines between all groups
(MM and DI) for all impression materials evaluated (p<0.01). The results showed that the measurement of
the lines by digitization (DI) promoted values with no statistical differences with the control group (MM) for
five of six groups evaluated (p>0.05), except for the putty-body condensation silicone (p<0.01). (Table 3).

Table 3: Averages of the length of the lines (mm) among the different impression materials and evaluation

methods.

MM DC DI
Condensation Silicone — putty consistency 24.74 (£ 0.02) A 25.45 (£ 0.08) C 24.87 (£0.10) B
Condensation Silicone — light consistency 24.74 (£ 0.05) A 25.46 (£ 0.09) B 24.68 (£0.14) A
Addition Silicone — putty consistency 24.78 (£ 0.01) A 25.50 (+0.10) B 2485 (£ 0.11) A
Addition Silicone — light consistency 24.75 (£ 0.08) A 25.41 (£ 0.09) B 24.80 (£0.07) A
Polyether 24.81 (+ 0.04) A 25.54 (+0.07) B 2477 (£ 0.07) A
Alginate 24.66 (£ 0.06) A 25.55(x0.09) B 24.66 (£ 0.10) A

Different in-line letters indicate statistical differences between the evaluation methods (p<0.05).

The standard error of the mean (SEM) determines how precisely the sample mean estimates the
population mean. A lower value of the standard error of the mean indicates a more accurate estimate of the
population mean. The impression materials in DI group that presented average line lengths similar to the MM
group were submitted to SEM. All materials presented SEM values below 10%, proving their precision.
(Table 4).

Table 4: SEM (%) between the measure microscopy and digitization groups.

MM x DI %
Condensation silicone — light 4.6
Addition silicone — putty 35
Addition silicone — light 3.6
Polyether 2.9
Alginate 2.8

Table 5 presents the values of linear dimensional change comparing the stainless-steel die to the
molds for DI and MM groups. The group DI presented molds with values of linear dimensional change
without statistical differences with the MM group for all impression materials (p> 0.05), except putty-body
addition silicone (p <0.01).

Table 5: Linear dimensional change (%) of the impression materials evaluated in measuring microscopy and
digitization.

MM (%) DI (%) P
Condensation silicone — light 0.18 0.24 0.1245
Addition silicone — putty 0.02 0.45 <0.01
Addition silicone — light 0.17 0.22 0.8082
Polyether 0.09 0.13 0.2401
Alginate 0.53 0.32 0.2494

4. DISCUSSION
The results of the present study showed that the putty-body condensation silicone and the putty-body addition
silicone presented significant difference between the measurements made using the digitization of the images
and measuring microscopy, while the other materials showed no difference, and that all measurements
obtained from the use of the digital caliper were statistically different when obtained through measuring
microscope.

ISO 21563:2013 [6] and 1SO 4823:2015 [7] guidelines recommend evaluating the linear dimensional
change. However, in this study at first it was evaluated the dimensional accuracy (difference of the average
of the length of the lines between metallic matrix and molds), isolating other factors in order to validate
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accurately the results (table 3). The simple verification of the dimensional change could show similar
percentage results starting from different linear measurements (change mold-matrix). The exclusion of
groups that showed statistical difference in the length of the lines and the dimensional stability test of only
those that did not show differences allowed an accurate result (Table 5).

The digital caliper is an instrument of easy handling and low cost but presents some disadvantages that
contributed to the result of the study. The impossibility for the naked eye to position the fixed and movable
tips of the caliper exactly at the reference positions (Figures 3 and 4), the difficulty to keep the fixed tip
stationary during the scrolling of the impeller until the movable tip reaches the final reference for
measurement and physical damages that this technique can cause in the specimens were limiting factors of
the technique. The results of the present study demonstrate that the use of the caliper can interfere in the
results of studies that have evaluated the stability and/or dimensional accuracy of impression materials, [39-
41] or measured small distances, as in the areas of radiology, [34, 42] orthodontics, [43-45] dental
implantology [35, 47] and periodontics. [47, 48]

Figure 3: Reference position in the measurement by measuring microscopy.

Figure 4: Reference position in software measurement.

The use of digitalized images for measurement of distances using a software presents some advantages
with respect to measuring microscope that must be emphasized, such as the lower operating cost, the
possibility of storing the images for the measurements at any time desired by the operator and the reduction
of the average time required to measure distances.

However, there are difficulties in reading the lines in the molds made with less precise impression
materials. These setbacks probably justify the results found in the present study, where the measurement of
the linear dimensional change of molds by digital means was similar to measuring microscopy, except for the
elastomers in putty viscosity. The by-product (alcohol) generated during the condensation polymerization
process,[1, 49, 50] as well as the lower flowability and accuracy of high viscosity impression materials, [51]
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are factors that compromise the accuracy and dimensional stability of the molds [1, 51] and may have
interfered in the process of reading the lines in the putty consistency elastomeric molds. It is worth noting
that the poor result obtained from the test using putty consistency may interfere with the satisfactory result of
the light body, since the putty consistency is never used in clinic separately (1-step putty/light-body
technique or 2-step putty/light-body technique). For this reason, the ISO presents varied protocols according
to viscosity.

Alginate, although considered a low precision impression material, did not present a significant
difference between the DI and MM groups. This result can be explained by the alginate (Hydrogum 5,
Zhermack) used in the present study, which, for containing silane in its composition, unlike conventional
alginates, has high dimensional accuracy and stability if the molds are correctly stored in temperature and
relative humidity [41, 52] to avoid distortions. This type of alginate is considered as golden standard, so
studies using conventional alginates would be needed.

In addition, alginate has a lower viscosity than putty consistency elastomers and biases that
compromise the stability of alginate molds (syneresis, imbibition and evaporation) can be controlled by the
operator. [37, 53, 54] However, the release of the alcohol (by-product) that occurs during the polymerization
of the condensation silicone is uncontrollable. [1, 49, 50]

Some studies that evaluate the accuracy and dimensional stability of impression materials, [23-32]
as well as studies in other areas of dentistry, [11-22, 55] using the digitization and software in its
methodologies present a diversification of equipment. The quality of the image and the accuracy of the
measurement by the software is directly related to the resolution of the image obtained from the camera. [56]
Therefore, the use of digital cameras with higher resolutions can minimize limitations encountered, during
the digitization. In addition, different results can be found because of the numerous equipment (cameras and
softwares) available on the market and, to obtain accurate and comparable results, standardization is
indispensable. [5]

Although the present study has used photography as a means of digitalizing images for linear
dimensional change assessment, there are other precise methods for this procedure, such as Computer Aided
Design (CAD), which allow the three-dimensional digitization of the samples. However, there are difficulties
in reading irregular surfaces on impression materials such as the crest of the ridge and palate regions by the
CAD/CAM technique. This inaccuracy can be reduced using an antiglare spray with average particles size of
2.8 um which did not produce any significant negative outcome. [33, 57]

Besides the digitization methodology did not present results with significant differences with the
measuring microscopy (except for the putty body condensation silicone), the SEM was applied to reveal the
accuracy of these data and indicated that the digitization is a reliable methodology because it presents lower
SEM values to 10% of the length of lines (Table 4). In this study, the results showed that both MM and DI
groups presented linear dimensional change less than 0.6% (Table 5), below the maximum values of change
(1.0% and 1.5%) that 1SO 21563:2013 and I1SO 4823:2015 recommend, respectively, using the methodology
employed by it and repeated in the present study. Dimensional change values greater than 1.0% (alginate)
and 1.5% (elastomers) would indicate problems in the digitization methodology, since commercial
impression materials were used in the present study, which follow I1SO regulations and all variables that may
interfere with the reading of the dimensional change were controlled.

However, the data in Table 5 again show that the viscosity of the impression material is a limiting
factor of the digital measurement technique, since the linear dimensional change value, although within the
maximum allowed (1SO 4823:2015), differs statistically from the control group (MM). This result shows that
the digitization methodology can be used only to compare the dimensional change of different putty viscosity
elastomers, but not to quantify the accuracy and/or dimensional stability of such impression materials.

5. CONCLUSION

According to the results of the present study, it can be concluded that the digital caliper is not a reliable
methodology to evaluate the dimensional accuracy of molds. The digitization of irreversible hydrocolloid and
light consistence elastomeric molds is a precise method to evaluate the dimensional alteration, since they
presented results similar to those obtained when using the technique recommended by ISO. The flow and the
by-product formed after the polymerization of the molding materials can interfere with the effectiveness of
digitalization in reading the dimensional accuracy of molds.
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