Assessing the Measurement Accuracy of
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Scanning Processes
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Background: 3M Unitek Lava™ Digital Models are created using a proprietary direct impression Computed Tomography
scanning process. Direct impression scanning eliminates the need to pour and scan plaster when creating digital models.
This study is designed to determine if direct impression scanning affects the accuracy of digital models. Method: An
aluminum cast model was used as the gold standard for this study. Ten alginate impressions were made from the

cast model. Five impressions were digitized into digital models using the direct impression scanning process. The
remaining five impressions were made into stone models by a dental laboratory, which were then digitized into digital
models. Measurements were made on both sets of digital models. Measurements were analyzed against the Coordinate
Measurement Machine (CMM) dimensions of the gold standard cast model. Results: Statistically significant differences
existed across most measurement dimensions. An analysis of the data suggests that Lava Digital Models that were created
using the direct impression scanning process appear to be closer to the CMM values than digital models made from
stone. Conclusion: Although further research is required, this study indicates that Lava Digital Models made from a direct
impression scanning process appear to offer measurement accuracy advantages over digital models made from stone
models. Other indications include more accurate measurements with less variability than stone-based measurement.

Introduction

Occam’s razor, or the principle of parsimony, states that, all things manufacturing processes, the Lava Digital Models direct impression
being equal, the simplest solution is best. When it comes to product ~ CT scanning process eliminates the need to pour and prepare
design, simple systems also tend to prevail, all things being equal. plaster models when creating digital models (Figure 1).

Complexity breeds variability. Variability breeds inefficiencies,

quality risks and higher operating costs. The purpose of this paper is to evaluate whether Lava Digital

Models’ direct impression CT scanning process leads to a better
3M Unitek has put Occam’s razor principle into action for digital model. Specifically this paper investigates whether direct
Lava™ Digital Models. Lava Digital Models are made using a impression CT scanning generates a more accurate digital model.
direct impression CT scanning process. Unlike other digital model
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Figure 1: Lava™ Digital Model Process

Method

Precisely measuring clinical dimensions on a model can be
challenging. Measurement error can be significant, relative to

the distances being measured. The shapes of dental models are
typically arbitrary, and models rarely have flat surfaces. Moreover,
the instruments used for measurements can be inadequate for
accurate measurement.

To minimize measurement error, a cast model was designed and
machined to have very precise dimensions. Figure 2 shows the
cast model.

Figure 2: The cast model
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The cast model was designed to have five easy-to-measure
dimensions. Dimensions were designed to test a range of distances:
5, 8, 21, 50, and 60 mm. These measurement points are shown

in Figure 3.

To determine the true values of the cast model, each of the five
dimensions was measured with a Coordinate Measuring Machine
(CMM) three times. The averages of the three CMM measurements
were used as the true dimensions of the cast model.

Ten alginate impressions were made from the cast model. Five
impressions were digitized into Lava™ Digital Models using

3M Unitek’s direct impression scanning process. In an effort to
replicate alternative digital model manufacturing processes, the
remaining five impressions were sent to a dental laboratory to
have plaster models poured. These plaster models were then
digitized by the scanning facility.

The same five dimensions shown in Figure 3 were measured on

the two sets of digital models. Each of the five dimensions was
measured three times, using a point-to-point measurement function
in 3-matic® software by Materialise®.
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Figure 3: General measurement dimensions on the cast model

After performing and recording the measurements, the data for both
sets of digital models were analyzed against the CMM values of the
cast model. A two-variable t-test was used to determine statistical
significant. 95% confidence was established as the threshold for
statistical significance.



Results

The analysis suggests that statistically significant differences in
measurements existed between both sets of digital models and the
CMM measurement of the cast model (p < 0.05). P values were
greater than 0.05 for dimension 1 and 2 between digital model from
direct impression scan and CMM measurements, but it was not
significant enough to prove statistical equivalency.

The results also showed that statistical differences in measurement
existed between digital models made from direct impression scans
and those made from plaster models. For all dimensions studied,
there is no statistical equivalence across any of the five dimensions
studied.

Table 1 shows the all the p values between the cast model
measurements and both sets of digital models measurements.

With statistical significance established, the study aimed to
determine the quality of the differences in measurements. To
measure the difference in two data sets, all data points were plotted
to illustrate the differences. A review of the data plots revealed

that measurements made on the direct impression scanned digital
models were closer to the CMM measurements than measurements
made on the stone based digital models (see Figures 4 to 8). This
trend was present and significant for each of the five

dimensions studied.

Additionally, an analysis of the standard deviations of the
measurements suggested that digital models scanned directly from
impressions exhibited less variability than measurements made on
the stone-based digital models. Table 2 summarizes the test data.

Conclusions

D1 D2 03 lpa D5 1. This study shows that statistically significant differences in
measurement accuracy existed between digital models made
Plaster 0.00 0.00 0.00 0.00 0.00 . . . . .
scanned digital from direct impression scanning and digital models made from
model & stone models.
Cast model
Impression 0.49 0.00 0.00 0.00 0.08 2. This study shows that Lava Digital Models made using a direct
rsncgggleg digital impression scanning process appear to yield measurements that
Cast model are more accurate than digital models made from stone models.
{,Tg‘,’{:,s ,?:g{}el 000 1000 1000 1000 10.00 3. This study shows that Lava™ Digital Models made using a direct
& Plaster impression scanning process appear to offer measurements that
ol 00 have less variability than measurements made on stone-based
Table 1: P values from 2 variable t-test digital models.
gl\?lﬁllt v;:g:ls Digital Models Made from Plaster D;?('fr?.' Inr;%gzlsssi“g:g °

Average Standard deviation Average Standard deviation Average Standard deviation
Dimension1 (mm) 58.98 0.03 59.16 0.16 58.96 0.07
Dimension2 (mm) 57.70 0.02 58.32 0.14 58.00 0.07
Dimension3 (mm) 19.95 0.00 20.42 0.17 20.08 0.04
Dimension4 (mm) 7.23 0.00 7.63 0.13 7.38 0.11
Dimension5 (mm) 4.82 0.00 4.92 0.04 4.80 0.04

Table 2: Measurement data summary
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Figure 4: Dimension 1 measurement plot

Figure 7: Dimension 4 measurement plot
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Figure 5: Dimension 2 measurement plot
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Figure 8: Dimension 5 measurement plot
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Figure 6: Dimension 3 measurement plot
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