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Abstract

Microscopic measurements are widely used in scientific research and the correct
equipment to realize these evaluations could be critical to determine the study results.
Regarding microscopic measurements, three of the most used methods are: Optical
Microscopy (OM), Scanning Electron Microscopy (SEM.), and Micro-computed
Tomography (MCT). It is important to select which is the best method for assessing
diverse parameters, considering the operational characteristics of the method, the
equipment efficiency, and the machinery cost. Therefore, the main objective of this
study was to define which is the most useful measurement method for assessing
magnitudes below 0.55mm. Ten dental implants, with known dimensions as defined by
the manufacturer were randomly distributed. Two blinded observers assessed the
distance between the second and the third screw vortex of the implants using the three
suggested methods. The true distance was defined to be 0.6mm. The assessed
distances were. 0.597+0.007 for OM, 0.578+0.017 for SEM, and 0.613+0.006 for MCT.
The assessed distances were significantly different when the methods were compared
(P>0.01). Despite these differences, all measurements were between the CAD system
tolerance, defined to be within 0.05mm. It was possible to conclude that linear

measurements below 0.55mm can be performed by any of the described methods.

Keywords: measurements, dental implants, optical microscope, micro-CT, electron

microscope.



1 Introduction

The application of the correct measurement method for microscopic analysis on
scientific research is crucial to obtain reliable values, which will not cause distortions on
investigation results.”? This decision will diverge according to the study objectives and
the material to be evaluated.®> Some other variables should be considered to final
decision, like operator dexterity with the equipment, apparatus disposition and
machinery operation cost; however this aspects could not interfere on results
trustworthiness.*® Before adopting any technology, the operator needs to consider the
main objective of the study and what part of the sample must be analysed.®” The
election of an inadequate measurement technique may lead to an excess of redundant
statistics, and consequently poor time performance; or lack of necessary data, making
an inconclusive study.®

Among diversified researches, Dentistry, and specifically Implant Dentistry
requires micrometric examinations to define security measurements. Implant
manufacturing, requires meticulous and preciseregulations.®'® Measurements and
surface analysis at lower scales of the dental implants and their fitting components
during their fabrication should be severally reliable to ensure a satisfactory piece
seating and consequently, the rehabilitation biomechanical success.'"'2 Therefore, the
correct methodology application during the implant manufacturing by the producer are
directly connected to the therapy prosperity.'

In dispersion through the most used approaches to realize micrometric analysis
are: Optical Microscope (OM), a two-dimensional evaluation method that uses a series
of glass lenses to create a limited magnification, is widely used for surface quantitative
mensuration.'>'* Scanning Electron Microscope (SEM), an electronic microscope that
could provide surface images with high resolution and magnification''® and Micro-
Computed Tomography (micro-CT), a non-destructive method that allows high-
resolution tridimensional analysis, without damaging the sample."”

Therefore, the aim of this study was to evaluate the three method’s precision,
comparing to O.M., S.E.M. and Micro-CT on dental implants mensuration, checking for
possible images distortions, according to manufacturer tolerance limits. The null
hypothesis was there was no statistic difference between the three evaluated

methodologies, presenting all values into a confidence interval.



2 Material and methods

Initially, two evaluators were randomly recruited to perform the measurements
of all tested methodologies. These evaluators did not know what they would evaluate
and were calibrated by ruler measurements. For greater fidelity, 45 days were
determined between each methodology. Ten dental implants (Titamax 3.75mm x
13mm; Neodent, Curitiba, Brazil) were selected for this study, and distance between
vertex to vertex from the second to the third screw was chosen to be measured in all
methods described below.

2.1 Optical Microscope (OM)

The samples were fixed in an Optical Microscope (Mitutoyo TM-500, Tokyo,
Japan) to perform the implant mensuration. This is a monocular microscope with two
digital micrometers and0.001 resolution. The equipment has objective lenses with 2x
magnification and ocular lenses with 20x magnification, resulting in a 40x enlargement.
The microscope has a holder over all the samples that allow the positioned sample to

move over the X and Y-axes, during the mensuration (Fig. 1).

2.2 Scanning Electron Microscope (SEM)

The SEM used in this study (Hitachi, Chiyoda-ku, Tokyo, Japan) operates in
different pressure conditions, controlled by a computer using the Windows operational
system (LOQUIF software, Leo User Interface, Carl Zeiss, Oberkochen, Germany).
Magnification of 150x was applied. The measurements were realized directly on the

equipment software (Fig. 2).

2.3 Micro-computed tomography (micro-CT)

The implants were scanned using a computed microtomography (Skyscan
1272, Konith, Belgium). The used parameters were: 100kV voltage source, 100A chain
source, 2452 x 1640 resolution, 20 pixels, 18.0 Cu filter, 0.2 degrees rotation step, 20
aleatory movements and images average of 2, rotation step (deg) 1000, averaging
frames of 2, random movement (pix) of 20, Pixel Size 18.0 um and the standard scan
in central camera position. After these parameters definition, the samples were
removed of the tomography and a flat-field was requested to generate smaller artifacts

in the final image. The scanning time was set to 26 minutes, for this kind of evaluation
(Fig. 3).
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Two blinded evaluators performed all measurements, and the mean values of
each sample were considered for statistical evaluation (Sigmaplot 12.0, Systat
Software Inc, USA). The data were initially submitted to the variance homogeneity and
normality tests (a=0.05). To compare all groups, the Anova One Way statistical method
was applied before the Tukey Test. To compare each group with the CAD (control
group), the t-test was applied.

A qualitative sequential evaluation was also applied, to define if the values were
into a confidence interval, defined by implant’ manufacturer. The control group was

considered by the CAD image of the tested implant, provided by manufacturer.

3 Results

The mean values of all methodologies, between the two evaluators, are shown
in Table 1. There were statistical differences between all tested methodologies.
However, according to a qualitative sequential evaluation, all methodologies presented

acceptable values, when comparing to the CAD (control group), according to Table 2.

4 Discussion

The null hypothesis that, there was no statistic difference between all evaluated
methodologies presenting all values into a confidence interval, was reject. The results
demonstrated in Table 1 prove that there is statics difference between the three tested
groups. However, all values were into a fabrication tolerance, defined by manufacturer.

According to a previous study, '® the OM is the best methodology to superficially
measure the spaces. The OM demonstrates lower spatial resolutions, making it difficult
the using for analysis of ultrafine deformations and strain measurements.™ It is the
cheaper technology compared to the other methods, and is easy handling equipment,
which does not, requires a special training to use it. For these reason this methodology
could be indicated technology to external analysis with values until 0.55mm.

The SEM is an alternative methodology that produces high-resolution images
down to the nanometer scale and provides trustworthy measurement data using image
analysis methods, such as digital Image correlation.’ In meantime, alerts that SEM
images are usually contaminated with distortions and drift aberrations that could disturb
the accuracy of imaging and measurement.' To analyze organic materials, such as the
needing of a specialized apparatus and the risk of damage to the samples caused by

the vacuum pressure in tem SEM,® could interfere on studies with human tissues
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measurements, for example. In the present study, the evaluators related a complexity
to use this equipment, once the samples preparing and readout were more complicated
compared with the other technologies. The machinery price would not justify the using
for analysis until 0.55mm. However, for measurements below this value, some studies
presents advantages to this equipment.?® As there were no tests with values under
0.55mm in this work, more details could not be discussed.

According to the literature, Micro-CT is a faster method that limits the manual
error that occurs using the OM, which is an optically based measurement, being
susceptible to human failures.?' Besides that, the Micro-CT technology can extract 3D
information, different of the 2D information obtained in optical measurements. The
quality of Micro-CT images, and the advantages of being a non-damage technique
proposing this technology utilization to quantify mistakes on techniques with less image
quality.?? But is a methodology used only on in vitro studies, despites the high radiation
and the time spent on scanning, reconstruction and measurement; making this
technology impracticable during the clinical routine.?® Instead the related works
affirms?', our study shows that Micro-CT method takes more scanning time than the
other methodologies, moreover, is an expensive equipment, which limits the utilization
for large scale measurements. The convenience observed using microtomography is
the possibility to realize internal analysis without damaging the samples.?* In this work
there was no advantage with this equipment utilization, once this technology requires
specifically preparation and is an expensive machinery compared with the OM.

The statistical differences found at the present study makes it impossible to
compare the three methodologies, although all measurements obtained are in the
manufacturing tolerance, it could not be considered as accurate. Considering the
results of this study, any methodology can be used to measure values larger than
0.55mm. So, authors should choose the methodology passed in two different
parameters: first, the most familiar methodology to researcher and second, less cost
and time to be done. In addition, the SEM image quality and the non-destruction of
samples in Micro-CT are determinant in the results. Future studies could evaluate the

influence of methodologies in smaller measurements with values below 0.55mm.

5 Conclusion

Despite the statistical differences found, all measurements were between the

CAD tolerances. It was possible to conclude that linear measurements until 0.55mm
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can be performed by any of the described technologies, considering that there is an

error tolerance between 0.05mm more and less.
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7 Figures

Figure 1: Optical Microscope obtained image, and vortex marking to distance
calculation.
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Figure 2: SEM surface imaging and software vortex to vortex measurement.
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8 Tables
Group Samples Average Standard P Value
Deviation
M.C.T. 10 0,613 (A) 0,00624 <0,001
O.M. 10 0,597 (B) 0,00664 <0,001
S.E.M. 10 0,578 (C) 0,00168 <0,001

Table 1: Dental implants vertex-to-vertex average and standard deviation evaluation.
Letters between parenthesis demonstrate statistical differences.

Group Minimal Value Maximal Value
Control 0,550 0,650
O.P.T.(A) 0,588 0,607
M.E.V.(A) 0,560 0,611
M.C.T.(A) 0,604 0,617

Table 2: Evaluations average. The providade company CAD (control) was inserted on
the first line. The second, third and fourth lines were the groups values.
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