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CHAPTER 5

Optical Scan analysis to detect minor
misfit on implant supported
superstructures

Ali Tahmaseb, Peter Mercelis, Renaat De Clerck,
Daniel Wismeijer



Abstract

Purpose: Despite novel and more precise fabrication methods, absolute passive fit of
implant-supported superstructures has yet to be consistently achieved. In the past, several
laboratory techniques have been described to analyze the fit. The purpose of this article is to
assess two methods of fit evaluation with a control and an intentionally misfit prosthesis.
Material and methods: In this in vitro study two comparable implant supported
superstructures, Control and Test Misfit, were fabricated after scanning a test model in which
four implants, 2 on each side, were inserted. One of the superstructures, the test
superstructure, Test Misfit was fabricated with a known minor misfit on one of the inserted
implants by manipulating the coordinates on the scanned files. The other superstructure was
fabricated as accurately as possible without manipulating any scanned information. Both
superstructures were evaluated using optical scanning and strain gauge measurement by an
investigator who was blinded to the designed misfit. Results: Optical scanning demonstrated
an accuracy of 10 ums for the control frame while the misfit frame demonstrated greater
discrepancies in the planned misfit connection (connection # 2 misfit of 29 *'m) and on the
other connections (#1 of 4 "m, #3 of 5 ""m and #4 of 4 "'m) to a lesser extent. The strain
gauge measurement showed a higher mean deviation of 26.2 "'m (SD=5.9) in Test Misfit
comparing with 15.3 "m (SD=4.3), measured on Control. Conclusion: The optical scan
analysis detected the test superstructure and the manipulated implant. The strain gauge
measurements confirmed these findings, indicating both methods of assessing inaccuracy to
be effective. The optical scan analysis may be used as a simplified and clinically applicable

method to detect minor misfits in implant-supported superstructures.
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Introduction

Although the precision of screw-retained frameworks has often been subject of discussion no
consensus has been achieved in the relationship between the misfit and biological impact of
such misfit. There are contradictory findings when reviewing the early literature in this
regard.1-”

Since the development of new technologies (e.g. milled titanium frameworks) to fabricate the
implant supported frameworks, the precision of fit has improved dramatically when
compared with traditional lost wax cast frameworks.8-° Passive fit of superstructures may not
be achieved using conventional clinical and laboratory procedures. In addition, clinical fit-
evaluation methods often do not detect discrepancies that are smaller than those seen with the
naked eye. To address this concern, more sensitive strain-gauge techniques have been
developed to provide objective assessment of fit.10-11

Accuracy of component fit may be evaluated through visual or microscopic inspection, tactile
assessment or displacement when single screws are tightened.12-14 All of these techniques are
somewhat objective. Strain gauge assessment may provide more objective analysis however
this approach is more difficult and may not lend itself to routine quality control. Optical
scanning methodology may provide a satisfactory assessment method that could be used in a
quality control system. The aim of this study was to analyze the precision of the optical scan
method compared to the strain gauge analysis and their ability to detect microscopic misfits
in milled titanium frameworks.

Material and Methods

A test model with four inserted implants (Straumann Standard implant), 4.1 mm in diameter
and 12 mm in length, was prepared. The model was scanned using an optical scanner (ATOS
I SO by GOM GmbH, Braunschweig, Germany) to calculate the implant positions using
high precision scan adaptors that are mounted on the implants. Two similar superstructures
were designed using dedicated software (DentWise- LayerWise). The Control superstructure
(Control) was designed according to the measured implant positions, as calculated from the
optical measurements, to obtain the best possible fit on the inserted implants. The second
superstructure, Test Misfit, was designed with a known but minor misfit on one of the
inserted implants. This was done by altering the coordinates of implant 2 by an arbitrary
value of +/- 55 "m in X, Y and Z direction, while keeping the coordinates of all other
implants the same as in the control frame (Figs la&b). Both superstructures were
manufactured using combined Selective Laser Melting (SLM) / CNC technology (DentWise-
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LayerWise NV, Leuven, Belgium) in a Ti6Al4V alloy. This alloyed titanium powder was used
as the base material for the Selective Laser Melting process. In a second stage, a CNC
controlled process is applied based on the same three-dimensional CAD model to accurately
finish the implant connections to the necessary tolerance (less then 20 **m misfit).

Both structures analyzed in this study were designed following a direct scanning of the test
model and were virtually designed using CAD software. This technology is based on a three-
dimensional CAD model of the implant superstructure. The CAD model is virtually sliced in
a series of successive, two-dimensional layers with a limited thickness (typically 20 to 40
'm), which allows accurate reconstruction of the complex anatomical geometries of the
dental prostheses. Moreover, the method of manufacturing allows integration of the complex
features in the design of the dental superstructures, like surface retention and sealing edges.
This is different from the other CNC-milled protocols described in the literature where an
impression of the implants is taken and a master cast is fabricated. Dental laboratories
develop a wax or resin pattern, which is then scanned and the gained STL files are used to
CNC-mill the frameworks.15-16

The implant connections on both superstructures were numbered as illustrated in figure 1b.
Since strain gauge analysis would be performed on both superstructures; a rigid design was
used with long implant connections to allow for the attachment of the respective strain
gauges (Fig 1c). Both structures were sent to the measuring lab. The lab technician was not
aware of their level of the precision so as to execute a blind test protocol.

The implant connections of produced structures, Control & Test Misfit, were measured with
an industrial optical scanner (ATOS Il SO by GOM GmbH, Braunschweig, Germany). To
ensure the best possible measurement accuracy, a dedicated airbrush system was used to
spray the implant connection, resulting in a spray thickness of less than 2 ""m. Next, the
conical fitting planes of the produced implant connection were used to perform a least-
squared positioning of the measured mesh with conical fitting planes of the Straumann
implant connections of the correct CAD model (Control).

Finally, to evaluate the accuracy of a produced superstructure with respect to the dental
model, the misfit calculation was also performed based on a direct optical measurement of
the implant replicas on the model. First, an overall best-fit technique was applied using all
four implants. However, in cases where the misfit is caused primarily by inaccuracies in a
single implant (with all other implant connections perfectly positioned and produced) this
method is not very accurate. This is caused by the fact that a single implant connection misfit
will also induce stresses on the other implants due to the least squares fitting algorithm.
Therefore, a novel technique was applied, called the method of successive exclusion,
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whereby a number of successive least-square fits are calculated, each time by excluding one
of the implant connections. By comparing the different calculations, the implant connection
exhibiting the largest misfit can be determined, and the exclusion of this implant connection
will result in very low surface deviation on all other implants.

Strain Gauge Measurements

Both superstructures were then prepared for the strain gauge measurements. Each frame was
measured by a three-dimensional, tension-measurement method utilizing strain gauges. The
length of the cylinders (connection posts from the superstructure to the implants) was 12 mm
to allow for placement of the strain gauges. To measure the misfit-induced stress (force) in all
three axes (x, y and z), a total of 4 Strain gauges were attached along the long axes of each
cylinder of both superstructures in a 90° deviation to each other (Figs 2a&b). To attach the
strain gauge elements in a standard and reproducible manner a device was developed that
could attach 4 strain gauge elements simultaneously.

A key was developed to reproduce the position of the strain gauges on a same manner on both
frames. The key gave a start position of 360°, the contour of cylinder. This contour was then
divided on the key into 4 equal positions at 0, 90, 180 and 270 degrees.

To attach the strain elements at the same height, a plastic tube was developed containing 4
windows, equally divided, which was shifted over the cylinders. The cylinder together with
the plastic tube was sandblasted to mark all four positions. A transitional device was
developed to glue he should probably mention the material that was used to create the
adhesive bond between materials the strain elements simultaneously at the same height by
shifting it over the cylinders. Shrink-wraps were used to maintain pressure on the strain
elements during the gluing process to insure an effective attachment. The wires on the
elements were then connected to the cables of the measuring device (Figs 3a-c).

Using this standardized method, the respectively inner distance between the strain elements
were equal in the test frames, and the axes of the different cylinders were all oriented in the
same direction, making the calculation of the total measured misfit possible. The misfit-
induced tension was measured in all axes by electrical circuits called Wheatstone bridges.
These were used to measure the unknown electrical resistance by balancing two legs of a
bridge circuit, one leg of which includes the unknown component. In the test model
resistance changes in the strain gauges are a result of the force-induced stretch or shrinkage
(plus or minus). The misfit and tension in the all three axes were measured using 4 strain
gauges connected by 3 Wheatstone Bridges. Combining the different strain gauges by
Wheatstone Bridges makes it possible to measure in a three-dimensional fashion (three axes
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X, y and z) as illustrated in figures 2a&b.

Electric current (signal)/forces relation

Signals delivered by the Wheatstone Bridges were measured in volt units, which must be
converted into Newton force units. These forces could then be used to determine amount of
misfit. The relationship was determined using a force inducer in each direction (X, y and z)
for each cylinder of the superstructure. A force inducer is an instrument by which one can
produce a known force. A known amount of force delivered by means of the force inducer
can be expressed in volts measured by strain gauges and the Wheatstone bridges. In this way
it was possible to determine the relationship between the signal of the Wheatstone Bridges
and the forces (volt/Newton), which was necessary to calculate the forces after the
connection of the superstructure. This procedure was repeated for each implant and as
illustrated in table 1 the data is slightly different for each cylinder. This could be explained by
the fact that although all the strain gauges were attached using a standard protocol, it was not
possible to attach each gauge with the same precision.

Resilience-constant of cylinders and implants

The cylinders and the implants in the plaster model react as springs when they undergo
misfit-induced forces after connection to the superstructure. Thus the determination of a
resilient constant in the plaster jaw was necessary to calculate the tension caused by force-
induced misfit. Moreover, this tension had to be converted to the level of misfit. For this
analysis, both a movement transducer and a force inducer were needed. With the use of a
force-inducer, a known force can be induced into one of the axes and at the same time
determine the relative displacement of the implants by the displacement transducer. The
resilient-constant (force/displacement) was determined in every direction and for each axis of
the cylinders (framework), implants and also cylinders connected to implants as one entity
(table 1).

Processing the signals

The measurements to compare the Control and Test Misfit structures were consecutively
performed in three sessions of five times each on the test model. Both Control and Test Misfit
were tightened respectively to the test model using a torque wrench (Straumann, Basel
Switzerland) applying 25N/cm on its scale. The misfit-induced tensions between the implants
and the superstructure were recorded for each implant and processed considering signal/force
relationship and the resilient constant (table 3). All the signals were processed in a data
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acquisition software program, based on Labview® software and designed especially for this

purpose.
Callibration (\Volt/Newton)
Cylinder 1 0.024
Cylinder 2 0.024
Cylinder 3 0.027
Cylinder 4 0.028
Cylinder 5 0.03
Cylinder 6 0.023

X

Y

0.026

0.025

0.024

0.028

0.027

0.021

Z

0.0043

0.0043

0.0045

0.0045

0.0041

0.0041

Table 1: Calibration, Electric current/Force relation

MOBILITY (WN) X

CYLINDER (Framework) 0.8
IMPLANT 0.5
IMPLANT+CYLINDER 1.3

Table 2: Resilient Constant

0.8

0.5

1.3

0.3

0.1

0.4
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Misfit values in mm (four points along the conical interface were measured)

implantl implant2 implant3 implant4
-0,019 0,005 0,015 -0,018
Exlusion of implant 1 oy a0 il sil02
0,022 -0,012 -0,012 -0,013
0,027 -0,014 -0,005 -0,004
Mean absolute misfit 0,020 0,011 0,010 0,012
-0,002 0,038 -0,006 -0,005
Exlusion of implant 2 L0 =BiLE LI BIEe
0,006 -0,020 -0,004 0,002
0,004 0,021 -0,002 0,001
Mean absolute misfit 0,004 0,029 0,005 0,004
-0,017 0,008 0,028 -0,023
Exlusion of implant 3 P <SG Uit A2
0,021 -0,021 0,029 0,002
-0,011 -0,017 0,026 0,007
Mean absolute misfit 0,017 0,016 0,024 0,013
0,009 0,008 -0,017 -0,031
Exlusion of implant 3 L =il R Tz
0,019 -0,012 0,020 0,018
-0,016 -0,005 -0,015 -0,031
Mean absolute misfit 0,014 0,012 0,015 0,025

Table 3: calculated misfit on the conical implant interface, resulting from the method of
successive exclusion. Exclusion of implant 2 results in the highest level of misfit.
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Results

The optical measurements of the control frame indicate that the overall accuracy of the used
production methodology is less than 10 "'m (Fig 4A).

The overall misfit of Test Misfit was calculated using all four implant connections. Table 3
indicates that the exclusion of the second implant results in a large mean misfit value on this
implant (29 "'m), while the mean misfit on all other implants is below 5 "*m. Exclusion of the
first, third or fourth implant, on the other hand, does not result in very low misfit values on all
other implants.

The other connections exhibited microscopic misfits as well, 4, 5 and 4 "'m in respectively
implant 1, 3 and 4. Table 3 presents the misfit calculations using the successive exclusion
method.

The same conclusion regarding the misfit was obtained when comparing the optical scans of
both superstructures Control and Test Misfit (Fig 4c). By comparing the calculated surface
deviation contours, it was concluded that a clear misfit on the second implant caused the
inaccuracy of Test Misfit.

Similar results were found with the strain gauge measurements (tables 4&5) although the
measured values are slightly higher than when measured using optical scans.

The average, mean- and standard deviations of misfit of the three sessions was calculated and
was compared between Control and Test Misfit with the four implants as units of
measurements. Test Misfit showed a higher mean deviation of 26.2 *"m (SD=5.9) written out
as 26.2 "'m 5.9 comparing with 15.3 "'m (SD=4.3) 15.3 "'m +/- 4.3, measured on Control.
The independent sample t-test showed that the Test Misfit-showed a significant higher misfit
compared to the Control (t=-3.00, df=6, p=0.024).

Discussion

In this study, both methods of measurement succeeded in detecting a known misfit, with a
small difference in the measured misfit between the two techniques. The measured values by
the optical scan more accurately match the planned misfit created at the prosthetic fabrication
stage. Still, considering the very limited amount of misfit, these differences are not likely to
be of clinical significance. Further comparative testing should be performed to confirm the

accuracy of both techniques and the preference for one or the other relative to truth.
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1" 448" (0

SS1
| Session 1 Session 2 Session 3
som Sgr impl1  15.9 25.3 22.9
som Sgrimpl2 | 125 17.4 12.8
som Sqr impl 3 14.4 11.2 8,1
som Sqrimpl 4 | 135 14.8 14,7
Average misfit  14.07 17.17 14.64
SS2
| Session 1 Session 2 Session 3
Som Sgrimpl 1  28.2 15.3 19.7
som Sqr impl 2 | 29.7 36.1 335
som Sqr impl 3 16.2 25.3 23.3
som Sqr impl 4 | 27.3 33.2 26.8

Average misfit  25.35 27.48 25.82
Table 4: The strain measurements on SS1 and SS2

Group Statistics
ss N Mean Std. Deviation Std. Error Mean
1,00 4 15,2917 4,29784 2,14892
2,00 4 26,2167 5,87452 2,93726

Tabel 5: The statistical numbers after measuring the misfit in both frameworks

Figure 1: Arrow shows the right anterior implant with alteration on the SS2.
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Figure 1b: Gray area on implant 2 indicates the inputted misfit.

Middle below:

Numbered implant-connections:

Implant 1: right side posterior.
Implant 2: right side anterior (implant with alteration on the SS2).
Implant 3: left side anterior.
Implant 4: left side posterior.

2 identical superstructures, one of which with a known misfit.

Figure 2: Schematic illustration of strain gauges and their relation to all axes
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Figure 3: Device to attach the strain elements on the frameworks and the prepared
framework
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Figure 4:

A) Accuracy of produced superstructure SS1 versus the CAD model. Green color indicates a
precision below 10 !'m on the scale.
B) Deviation plot of SS2 versus the measured model using all four implant connections in the

least-squares calculation. Implant 2, upper, shows a deviation, blue color (30-50 !Im) on the
scale.

C) Comparison of SS1 versus SS2 clearly indicating a misfit on implant 2 in both X, Y and Z
directions of about 50 to 60 'm.

Given the simplicity of the optical scan it may be suggested as an instrument used by dental
laboratories to evaluate the accuracy of fabricated frameworks.

In the optical scan analysis in this study, a method of successive exclusion was used to
determine the inaccurate implant since misfit of milled frameworks are often caused by
artifacts on one or more of the engaging implants like marker misplacement causing the
micrometric.

Implant 2 from Test Misfit showed the highest level of misfit when comparing the surface
deviation values of the three connectors that were used in the least-square fitting. When the
second implant was excluded, the surface deviations on the three remaining implants became
very small (< 10 ""m), meaning that the three implants that were used in this case were fitted
accurately and only the excluded implant (implant 2) caused the misfit of the superstructure.
Moreover, in this case the misfit on the excluded implant was the largest. When the distance
between the conical faces under 45° is compared, it is logical that the retrieved surface
deviation values are slightly smaller than the coordinate translation of 55 "'m that was
introduced on the second implant of Test Misfit.

Structure Test Misfit was then measured using the same optical equipment. The obtained
mesh was then fitted in a similar way with the CAD design of the correct superstructure

model, Control. By doing so, the misfit that was artificially induced on the second implant
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connector of Test Misfit became clearly visible. Moreover, the magnitude and the direction of
the misfit in X, Y and Z directions were deduced from the surface deviation plot.

Due to the limited number of subjects in this study, there is a need for farther investigation to
compare the 2 described technologies, using actual clinical frameworks that were fabricated
using CAD/CAM and/or lost wax techniques.

The measurements are assumed to be accurate and since there is a slight difference between
the two techniques, it is impossible to tell which one is the more accurate. Although this
study identified the created error within 10 ", still the measurement failed to identify fit
exactly. Thus, more investigation is required to fine tune and improve the technique.

Conclusion

An in vitro comparison of 2 methods of fit and analysis was performed. The methods
consisted of an optical measurement and a strain gauge assessment. Both clearly identified a
known missed fit that was created through a CAD/CAM frame fabrication method. Given the
simplicity of the optical method it may have benefit as a quality control measure in the dental
laboratory.

Both measurements were capable of detecting microscopic misfits. Even an induced minor
misfit could be detected. Based on the limitations of this in vitro study, it can be concluded
that optical scan analysis could be effectively used to evaluate passive fit on implant-
supported superstructures. Also the results indicate that the method of successive exclusion is
capable of determining which of the implants is causing the misfit.

The strain gauge measurements supported these findings.

By comparing these two techniques it may be concluded that optical scan analysis and its
associated methods are more precise, less complicated and less time consuming than the
strain gauge measurements. Although optical scan analyses and strain measurements can
detect a single inaccurate implant connection on an implant superstructure, misfit of this

single implant will also induce stresses in all other implants.
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