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Comparison of methods to evaluate
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Abstract

Aim: To compare two main methods of two-dimensional measurement of fit at the implant
prosthodontic interface, testing the hypothesis that optical microscopy (OM) can reliably and
efficiently scanning electronic microscopy (SEM). Methods: Four frameworks with four titanium
abutments joined with titanium bars were used. The implant-abutment interfaces were examined
by three different methods, forming 3 groups: analysis by OM (40x), and analysis by SEM at
300x and 500x. Readings were taken at the mesial and distal proximal surfaces on the horizontal
and vertical axes of each implant (n=32). One-way ANOVA with a significance level of 5% was
used for statistical analysis. Results: Neither the horizontal fit nor vertical fit values of the 3 groups
presented statistically significant differences (p=0.410 and p=0.543). Conclusions: OM was
found to be an accurate two-dimensional method for abutment-framework or implant-abutment
interface measurements, with lower costs than SEM. SEM micrographs at 500x presented technical
difficulties for the readings that might produce different results.
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Introduction

Framework passive fit is one of the most important factors in the longevity
of implant treatment1-2. The laboratory and clinical steps for denture fabrication
may contribute to implant-prosthesis misfit3-4. The load on the non-passive dental
prosthetic system could result in mechanical complications, such as loosening or
fracture of screws, fractures of components and of the implant itself5-6, and biological
complications, such as mucositis, periimplantitis7, and loss of osseointegration8.
According to the literature, a perfect adaptation does not exist5, but values for
vertical fit less than 10 µm are considered acceptable3,9.

Despite several implantology studies investigating the problems arising from
lack of passive fit, reliable methods for the clinical and laboratory evaluation of
these interfaces have not yet been defined1,3,10. The main two-dimensional
evaluation methods use optical microscopy (OM)5,11-13 and scanning electron
microscopy (SEM)3-4,9-10,14-16 to measure fit at the implant-prosthesis or implant-
abutment interface. OM uses a series of glass lenses to bend light waves and
create a limited magnification and resolution image (spatial resolution of 50 to
100 nm), while SEM uses electrons and creates higher magnification and resolution
images. Magnification refers to the degree to which a part has been enlarged.
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Higher magnification does not necessarily mean better image
definition, which is a factor of resolution. Resolution is the
ability to distinguish between two discrete objects in an
image. People in science and industry have used optical
measuring and inspection techniques to get enhanced views
of their products. These techniques enable users to observe,
measure and analyze parts for quality control, quality
assurance and other purposes. SEM is routinely used to
generate high-resolution images of shapes of objects and to
show spatial variations in chemical compositions.

The relative accuracy of abutment-framework or implant-
abutment interface measurements generated by these two
microscope types, each associated with difficulties and limitations,
has not yet been determined. The lack of such comparative
studies has resulted in confusion among clinicians and researchers.

This paper thus discusses these two main methods of
two-dimensional measurement of fit at the implant-framework
interface. The study is based on the hypothesis that SEM
can be efficiently and reliably replaced by OM, simplifying
and reducing the costs of studies that evaluate implant-
abutment/framework interface.

Material and methods

An aluminum master cast was made in which four implants
(3.75 mm diameter x 10 mm height; Master Screw, Conexão
Sistemas de Próteses, São Paulo, SP, Brazil) were placed. These
implants were placed parallel to each other, but at variable
distances, as occurs in the majority of clinical situations.

A working cast with implant analogues (013020, Conexão
Sistemas de Próteses,) was fabricated from a transfer impression
of the master cast. The implants were numbered from 1 to 4,
from right to left. Four metallic frameworks were fabricated
under this cast, using laser titanium abutments connected by
titanium bars (055024 laser abutment, 400204 laser bars;
Conexão Sistemas de Próteses), as shown in Figure 1.

Fig. 1. Metallic frameworks

The interfaces between the abutments and the implants
were examined in three different ways, making up three study
groups: OM group was analyzed with an OM at 40x
magnification; the SEM300 group was analyzed by SEM at

300x magnification; and the SEM500 group was analyzed
by SEM at 500x magnification. All the frameworks presented
real misfits, just as in clinical practice. The values obtained
for the fits based on the obtained measurements were
statistically compared, showing similarity or not, and thus
we determined that it was not required to create a control
group with previously determined measurements for fits.

For the interface analyses, the frameworks were screwed
with a tightening torque of 20 Ncm over the implants of the
master cast, in the following order: implant 2, 4, 1, 3. Readings
were taken at the mesial and distal proximal surfaces (n=32)
on the horizontal and vertical axes of each implant. All
readings were repeated three times by the same examiner to
obtain the mean value.

Optical microscopy analysis: OM group
The frameworks (A, B, C and D) were screwed onto the

master cast and evaluated with an optical comparator
microscope (Mitutoyo TM-500, Tokyo, Japan). The mesial
and distal aspects of the abutment and implant interfaces
were measured. This is a monocular microscope with two
digital micrometers, 0.001 mm resolution, with an objective
lens of 2x magnification and an ocular lens of 20x
magnification, resulting in a 40x magnification. The
microscope has a table on which the samples are positioned
and moves on the X and Y axes, allowing measurement of
horizontal and vertical misfits.

Scanning electron microscopy analysis: SEM300
and SEM500 groups

For SEM analysis (LEO VP-435, Carl Zeiss, Oberkochen,
Germany), the samples were processed in an ultrasonic cleaner
with acetone, dried and stored in a container with silica. The
same procedure was done with the master cast. This microscope
operates in varied pressure conditions (VP), and in the
conventional way, high pressure was controlled by a
computer using the Windows operating system. LOQUIF
software (LEO USER INTERFACE, Carl Zeiss, Oberkochen,
Germany) allows the entire process of sample examination
to be done as if the user were operating a common desktop
computer, with “mouse” and/or “keyboard” controls.
Movement of the samples is made with a “joystick”. The
resulting images can be stored in a computer’s hard drive or
in diskettes (standard or Zip drive), and printed on a standard
or thermal printer.

Magnifications of 300x and 500x were used for groups
SEM300 and SEM500, respectively. The images generated
during examination were stored in the computer’s hard drive
and then transferred to ZIP drives. The measurements were
taken on the printed images, referred to the micrometer scale
(ìm) printed at the base of each image.

The horizontal fit measurement was made by drawing a
tangent to the implant profile and one to the abutment profile,
which passed through the highest number of points. A
horizontal line referring to the implant radius was also drawn.
Misfits were quantified by the distance between the two
profile tangent intersections with this horizontal line (Figure
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2). The vertical fit measurement was made by drawing a line
on the implant platform and another that passes through the
abutment base. Misfits were defined as the distance between
these two lines, represented by a vertical line drawn
perpendicular to the two horizontal lines (Figure 3).

Fig. 2. Horizontal fit measurement (300x).

   Horizontal fit     Vertical fit

Group Mean S.D. 7.03 7.24

OM 34.02 23.15 8.53 6.22

SEM300 41.82 33.97 8.81 7.26

SEM500 44.04 35.48 7.03 7.24

Table 1: Means and standard deviation (S.D.) of the
horizontal and vertical fit values (µm).

Fig. 3. Vertical fit measurement (300x).

Statistical analysis
One-way ANOVA test was used to compare data among

the three groups, considering interface situations and vertical
and horizontal interface values. All data analyses were performed
using SPSS 12.0 for Windows (SPSS Inc., Chicago, IL, USA)
and p values of less than 0.05 were considered significant.

Results

The horizontal and vertical fit values for the 3 groups
are presented in Table 1. No statistically significant difference

was found among the groups for either horizontal (p=0.410)
or vertical (p=0.543) fit values.

Discussion

The hypothesis was confirmed as OM was proven to
be an accurate two-dimensional method for interface
measurements in implant systems compared with SEM.

The magnitude of the implant-abutment gap has
received significant attention,1-4,8-10,12-14,16 and different
methodologies have been used for such investigation3-4,9-
14,16. However there is still no consensus on the most
appropriate methodology 1 and comparisons between
methods were not performed. The present results showed
that no statistically significant differences were found
among the three methods used to evaluate horizontal and
vertical misfits. It was noticed, however, that the interface
values for both vertical and horizontal misfits were
consistently larger at the highest magnification. These
results might be due the technical difficulty of examining
the SEM micrographs.

It was more difficult to define the implant and abutment
profiles at higher magnifications. These profiles are necessary
to guarantee correct fit measurements. For example, Figures
2 and 3 show SEM micrographs at 300x magnification. At
this scale, it is easier to draw the implant and abutment
profiles than with a SEM micrograph at 500x magnification.
Figure 4 illustrates several profile possibilities, which can
influence the outcome of the analysis. Thus, the same
researcher may find different results for the same SEM
micrograph. Larger misfits are also more difficult to evaluate
with the SEM, as the abutment and implant profile
visualization is hampered by extension of the samples beyond
the visual field of the SEM micrographs.

The lower (40x) magnification used with OM in this
study facilitates the visualization of the abutment and implant
profiles and thus reduces the possibility of errors. This
microscope shows the x and y coordinate axes in the eye
lens, which facilitates measurement.

Although there is still no consensus on the acceptable
fit values between implant-abutment interface3,9-10,16, the
horizontal and vertical fit values found in this study showed
similarity with previous studies for all analyzed methods3-4,9-
13,16. The difference between the means of the horizontal misfit
values evaluated by OM (34.0 ± 23.15 µm) and by SEM at
500x magnification (44.0 ± 35.4 µm) was approximately
10µm. For vertical misfit values the difference between means
was even smaller, about 1.8 µm. These differences are
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insignificant considering these magnifications and possible
errors due the difficulty of measurement in the SEM500.

Within the limitations of this study, it is possible to
conclude that OM is an accurate two-dimensional method
for abutment-framework or implant-abutment interface
measurements, with lower costs compared with SEM. It was
also observed that SEM micrographs at 500x magnification
presented technical difficulties to make the readings that
might produce different results, depending on the reference
point adopted by each researcher.
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