THE JOURNA

J

L OF PROSTHETIC DENTISTRY

_O

RESEARCH AND

Misfit simulation on implant-supported prostheses with different
combinations of engaging and nonengaging titanium bases:
Part 3: A radiographic evaluation

Vygandas Rutkunas, DDS, PhD,” Daniel Kules, DDS,” Ingrida Mischitz, DDS, Sandra Huber, DMD, MS,“
Marta Revilla-Leén, DDS, MSD, PhD,¢ Christel Larsson, DDS, PhD," and Martin Janda, DDS, PhD?

ABSTRACT

Statement of problem. The fit of implant-supported prostheses plays an important role in their mechanical and biological stability.
Clinically, the prosthetic fit is typically assessed radiographically, but this method relies on the operator’s subjective evaluation. Whether
available digital tools could optimize the evaluation of the prosthetic fit is uncertain.

Purpose. The purpose of this in vitro study was to evaluate the influence of an image processing program on the radiographic detection of
discrepancies in the active and passive fit of implant-supported prostheses. Two-implant-supported screw-retained prostheses were
analyzed by simulating the vertical and horizontal misfits of 3 different implant abutment configurations.

Material and methods. Seven casts were fabricated using 2 internal-connection titanium implants: 1 control; 3 with vertical (V) misfit of
50 pm, 100 pm, 150 um; and 3 with horizontal (H) misfit of 35 um, 70 pm, 100 um. Thirty bar-shaped zirconia frameworks were fabricated
and divided into 3 groups (n=10) according to their attachment to 2 engaging (E-E), 2 nonengaging (NE-NE), and engaging and
nonengaging (E-NE) titanium bases. Digital parallel periapical radiographs were made of each specimen in the passive and active fit
situation on each cast (1-screw test), except for the E-E specimens, which were only seated on the control, H35, and H70 casts because the
fit on the remaining casts was poor. The mean gray value (MGV) was measured at the chosen regions of interest on the second implant (side
B) using the ImagelJ software program. Differences in the MGV measurements between the passive and active conditions were tested using
a t test (a=.05) and compared the different misfit levels using analysis of variance (1-way ANOVA), followed by the Tukey HSD test (a=.05).

Results. The highest values for the differences between passive and active fit were found for the V150 and H100 misfit simulations (P<.05). Statistical
differences between the MGVs were found with some exceptions: the smallest simulated misfits (H35 and V50) revealed statistically significant MGV
differences from the highest simulated misfits (V150, H100) and from the H70 in the groups where an engaging component was present (P>.05). In
the horizontal misfit group of NE-NE abutment configuration, H70 revealed no significant difference from the control group cast (P>.05).

Conclusions. Measuring MGV differences between passive and active fit could be a promising alternative for detecting 70- to 150-um gaps in
the implant-abutment connection that result from the misfit. However, the procedure was not adequate for detecting < 50 um gaps, cannot be
uniformly applied to all types of implant-abutment connections, and requires 2 exposures to X-radiation. (J Prosthet Dent XXXX;XXX:XXX-XXX)
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Clinical Implications

A method of measuring the difference in MGVs
between active and passive fit can detect misfits
that are currently considered of clinical
significance. As potential misfits can be masked by
tightening the prosthesis, radiographic
examination of a passive fit with only 1 screw
tightened is important. MGV measurements along
with artificial intelligence tools can aid in the
clinical detection of misfits.

The main goal of implant prosthodontics is the long-term
success of implant-supported restorations. However,
error propagation during the clinical and laboratory steps
of implant-supported prosthesis fabrication inevitably
results in misfits at the implant-abutment interface
(IAD)," * leading to microgaps between the implant and
abutment and increased strains and stresses in the
components of the prosthesis."”” Microgaps may open
because of loading forces, leading to micromovements at
the IAL " Furthermore, misfits have been reported to lead
to mechanical complications such as screw loosening or
fractures' " or biological complications such as peri-
implant tissue inflammation associated with micro-
leakage and the accumulation of periodontal patho-
gens. '/ Zirconia is becoming an increasingly popular
restorative material for implant-supported fixed dental
prostheses (FDPs),'” a material likely to be particularly
sensitive to the stresses and strains caused by an ill-fitting
framework because of its brittle nature."”

Screw-retained implant-supported FDPs use com-
binations of engaging (E) and nonengaging (NE) abut-
ments. Using various E and NE abutment combinations
in 2-implant-supported FDPs has been reported to be
associated with prosthetic fit and biomechanics, with
using E abutments in both implants having the best
stress distribution in finite element analysisz”; however,
using E abutments in both implants is the most affected
by horizontal and vertical misfit,”’ hindering or even
preventing the insertion of such a prosthesis. Using NE
abutments in both implants has been reported to result
in the smallest microgaps and screw rotation angles,
making it the best performing combination in misfit si-
tuations.”"”> However, the NE-NE combination is the
least mechanically stable””** it has been reported to
exhibit the highest stresses in implant-prosthesis com-
ponents.”’ Because of the antirotational properties of the
E abutment, E-NE combinations have shown better
stability than NE-NE combinations, which could reduce
the risk of screw fractures.” "

Commonly used in vitro methods for misfit detection
include stereomicroscopy,”' optical microscopy,”” scanning
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electron microscopy,” dental radiography,” ** X-ray mi-
crotomography,”””’ and the screw-resistance test.”” In
clinical settings, a combination of techniques may be used
to assess the fit of implant prostheses, including visual
inspection, the use of an explorer, alternate finger pressure,
the 1-screw test, the screw-resistance test, and dental
radiography.”*”” Radiographic misfit detection may vary
depending on the clinician performing the test and the
angulation of the X-ray beam relative to the implant
components.”””"** Microgaps of 13 pm can be detected if
the angulation is no more than 5 degrees,” whereas a gap
of 20 um at the IAI of an internal connection implant at an
angle of 15 degrees has been reported to be un-
detectable.” Therefore, keeping the beam perpendicular to
the implant axis as much as possible is important for ac-
curate microgap detection.”””” Notably, the fit of the im-
plant-level restorations on implants with internal
connections is much more difficult to assess as the con-
nection is located subgingivally.

The use of image processing software programs
should be developed to improve the diagnosis of misfit
with digital dental radiology. Promising results have
been achieved by applying artificial intelligence using
periapical images in implant system identification,””
evaluating peri-implant bone loss around implants,"’
and identifying fractured implants.’ However, the au-
thors are unaware of studies on using image processing
programs in dental radiology for the quantitative eva-
luation of implant prosthesis misfit.

The purpose of the study was to assess the microgap
at the IAI of a 2-implant-supported 3-unit zirconia
prosthesis with different combinations of E and NE
abutments and different levels of simulated horizontal
and vertical misfits in active and passive fit situations
using an image processing program. Mean gray value
(MGV) measurements were used to evaluate the mi-
crogaps in the regions of interest (ROI) in dental
radiographic images. The null hypothesis was that MGV
measurements would not show significant differences
between the passive and active fit conditions with dif-
ferent misfit levels for the E-NE, E-E, and NE-NE
combinations of abutments.

MATERIAL AND METHODS

The material and methods of the present study were
based on those used in a previous study.”" A total of 30
2-implant-supported bar-shaped zirconia (KATANA
Zirconia HT,; Kuraray Noritake Dental Inc) specimens
were cemented on J4.3x2-mm titanium bases (Con-
elog; CAMLOG Biotechnologies GmbH and divided
into 3 groups (n=10) according to different abutment
combinations: E-E, E-NE, and NE-NE. For each spe-
cimen, the implant bases were marked as side A (on the
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Silicone
impression

Positioning table

Figure 1. Sagittal view of positioning table with x;, x5, x3, and x4
specific locations of digital sensor, study cast, and X-ray tube. Distance
a=35 mm, distance b=30 mm, and distance ¢=200 mm.

left) and side B (on the right) (Fig. 1). In the E-NE group,
the E base was on side A, and the NE base was on
side B.

The fit of each specimen was tested on the control
group (no misfit) and on 6 definitive casts simulating
50-, 100-, and 150-pm vertical (V) and 35-, 70-, 100-pm
horizontal (H) misfit levels. The E-E specimens were
excluded from the H100, V50, V100, and V150 simulated
misfit groups, as the nonpassive fit was obvious in these
scenarios.

A digital dental X-ray machine (ProX; Planmeca Oy)
was used to assess the passive and active fit of the FDPs
on different casts radiographically. The images were
obtained at 63kV, 6 mA, and an exposure time of 0.4
second. The digital sensor (Planmeca ProSensor, Size 1;
Planmeca Oy) was attached to silicone impression ma-
terial (Variotime Easy Putty; Kulzer GmbH). A special
positioning table was constructed to ensure the same
position for the digital sensor, the cast, and the dental X-
ray tube (Figs. 1, 2). Two radiographs were made for
each model: passive fit - the abutment screw on side A
was tightened to 10 Ncm while the abutment located on
side B was left without a screw; and active fit - both
abutment screws were tightened to 20 Ncm (the final
torque value recommended by the manufacturer). New
screws were used for each specimen. The passive and
active fit were evaluated by measurements of the MGVs
of 8-bit X-ray at 2 specific areas in the implant-abutment
connection (left and right) on implant B using a specific
software program (Image] version 1.53e; National In-
stitutes of Health). The mean values of these 2 locations
were used in further statistical analysis. The MGV in-
dicates the brightness of a selected image area; it is the
sum of the gray values of all the pixels in the selection
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Figure 2. Frontal view of positioning table. Black circle represents
position of X-ray tube. Implant on side B angulated 10 degrees toward
implant on side A.

divided by the number of pixels. Gray values range from
0 (absolute black) to 255 (absolute white) pixels.

All measurements of passive and active fit were made
on side B of the implant bilaterally; however, the specific
measurement locations were different because of the
different designs of the E and NE abutments (Fig. 3). In
the groups with the E abutment on the B side, the area
of measurement was in the implant-abutment connec-
tion area, while in the groups with the NE abutments on
the B side, the area of measurement was slightly occlusal
to the conical connection. The area measured on the E
abutments was unsuitable for NE abutments because of
the short internal part of the NE abutment and the free
internal space, which could have distorted the data.
Equal areas (144 square pixels) were used for MGV
measurements at the NE and E abutment sites.

The normal distribution of MGVs was tested by using
the Shapiro-Wilk test, and the equality of variances was
assessed with the Levene test. The differences (unsigned
mean values) in MGVs between the passive and active fit
of the same group were used for the statistical analysis.
The differences between the passive and active fit groups
were tested by a paired samples ¢ test. These values were
compared between the different misfit levels separately
for each abutment combination (E-E, E-NE, and NE-NE)
using analysis of variance 1-way ANOVA, followed by
the Tukey HSD test. All statistical analyzes were per-
formed using a statistical software program (IBM SPSS
Statistics for Windows, v27; IBM Corp) (a=.05).

RESULTS

Mean values of MGV differences between the passive fit
and active fit situations in the groups are presented in
Figure 4 and Table 1. For the vertical passive to active misfit,
no significant differences between the V50 group and the
control groups and between the V50 and V100 values were
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Figure 3. MGV measurements of H70 misfit group on side B implant during passive fit and active fit for engaging (left side) and nonengaging (right

side) abutments.
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Figure 4. Mean values represent difference in MGV measurements in passive fit and active fit situations for different abutment-type combination
groups with different misfit levels. Brackets indicate statistically significant differences (P<.05) between groups (1-way ANOVA).

observed in either abutment combination group (E-NE and
NE-NE) (P>.05). In all other measurement comparisons for
the vertical misfit, the differences were significant (P<.05).
For the horizontal misfit, no statistically significant differ-
ences (P>.05) between passive and active fit situations were
found for all 3 abutment combination groups when H35 was
compared with the control group. H100 in the E-NE and
NE-NE groups showed significantly different values from all
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other horizontal misfit levels and from the control groups
(P<.05). Statistical analysis revealed no significant differences
between H70 and H100 in the E-NE group and between H70
and H35 in the NE-NE group (P>.05).

Altogether, the differences in MGV measurement
between passive fit and active fit were higher for hor-
izontal misfit than vertical misfit, particularly for in-
creased misfit levels.
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Table 1. Difference in mean gray values (means and standard deviations) comparing passive to active fit situations (paired samples t test)

Connection Misfit N Mean SD t df P

NE - NEPassive to Active 0 10 3.01 133 717 9 <.001
H35 10 2.04 1.78 3.63 9 .006
H70 10 11.95 8.92 423 9 .002
H100 10 32.68 19.61 5.27 9 .001
V50 10 4.59 3.85 3.76 9 .004
V100 10 8.92 5.27 5.36 9 <.001
V150 10 20.85 5.00 13.19 9 <.001

E — NE Passive to Active 0 10 271 2.03 4.22 9 .002
H35 10 4.29 2.95 4.60 9 .001
H70 10 29.83 11.44 8.25 9 <.001
H100 10 32.25 37.11 275 9 .023
V50 10 5.48 2.79 6.21 9 <.001
V100 10 7.58 3.25 737 9 <.001
V150 10 13.80 2.81 11.44 9 <.001

E - E Passive to Active 0 10 1.19 1.18 3.19 9 011
H35 10 1.72 2.14 2.54 9 .032
H70 10 6.12 3.08 6.29 9 <.001

DISCUSSION obscured a misfit. The tightening on one side could also

As significant differences were found between passive
and active fit conditions across different misfit levels for
the specimens with different abutment combinations,
the null hypothesis that MGV measurements would not
show significant differences between the passive and
active fit conditions with different misfit levels for the E-
NE, E-E, and NE-NE combinations of abutments was
rejected.

In previous studies, observers (dentists or radi-
ologists) evaluated misfits, ranging from 1 to 9 in
number, on the dental radiographs.” *® Lin et al™
reported that up to 30% of the time, radiographic images
with no misfit (0 pm microgap) were incorrectly identi-
fied as containing a misfit. In another study,22 2 radio-
graphic assessments out of 32 were incorrect for the no
misfit group, showing that such assessment is subjective.
In addition to the influence of different sensors,”’ film
holding techniques,”’ X-ray tube angulation,”””’ and
microgap sizes,”” *""° misfit assessment was largely
dependent on the experience of the operator. This em-
phasizes a need for objective clinical misfit assessment
methods that could facilitate clinical diagnosis.

The present study found no linear correlation between
MGV and the degree of misfit. In studies where the mi-
crogap was captured radiographically, misfit has been
commonly simulated by placing a spacer of the desired
height directly at the IAL”" " which creates a uniform
gap circularly at the IAL In the present study, misfit was
stimulated by moving the implants in a horizontal or
vertical direction, thus approximating more closely the
clinical scenario where an appearing microgap has dif-
ferent configurations and widths throughout the peri-
meter.' In the case of a misfit, the abutment will usually
tighten on one side,”” resulting in a higher MGV on that
side and a lower MGV on the other. In the present study,
the average MGV of the left and right aspects of the B side
implant was measured, as the mean value could have
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explain the nonlinear relationship between misfit groups.
Future studies could compare the lowest MGV instead of
the average. For a better understanding of effects caused
by misfit in the implant-prosthesis complex, 3-dimensional
finite element analysis and X-ray microtomography studies
are needed.

Several statistical differences in MGV measurements
between passive and active fits were found. For the
groups that included the NE type abutment, the differ-
ence between passive and active fits generates a higher
MGYV; subsequently, misfit was easier to detect with this
method. The easier detection may be explained by the
configuration of the NE abutment, where the projection
of its interproximal spaces facilitates the identification of
a misfit. However, it seems that statistically significant
differences in misfits can only be detected when the
simulated horizontal misfit is larger than 35 um and the
vertical one is larger than 50 pm. Accordingly, mea-
suring MGV can be a valid method of detecting larger
misfits.

The fabrication errors of frameworks supported by
multiple implants have been studied. Uribarri et al’
measured the marginal discrepancy up to 100 pm in the
1-screw test and between 29 and 42 pm in the final fit
test. Al-Meraikhi et al' described a 3D marginal dis-
crepancy of up to 135pum for the 4-unit implant-sup-
ported complete arch restoration. Moreover, Tonin
et al”” used a 1-screw test to assess the microgap for 3-
unit cantilever FDPs within the range of 32pum for a
framework obtained by computer-aided design and
computer-aided manufacturing (CAD-CAM) to 64 pm
for a 1-piece cast framework, reporting a 10- to 27-pm
microgap after screw tightening. All of the investigated
implant prostheses were reported to be clinically ac-
ceptable. Notably, for an NE-NE abutment, a horizontal
misfit of 35 pm was reported to create a microgap as
small as 6.6 pm, and a vertical misfit of 50 pm resulted in
a microgap of 11.6pm in the passive fit.”" Although
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attempts to reach a clinically relevant decision on the
acceptable misfit threshold have failed because of the
lack of scientific evidence, the heterogeneous study de-
signs and outcomes, and the variety in implant systems
and frameworks,” ' microgaps of this magnitude have
currently been classified as clinically acceptable.

In the present study, higher MGV were observed in
horizontal misfits, indicating that this type of misfit
caused greater abutment displacements than the vertical
type and thus were easier to detect in radiographs. This
finding was consistent with the results of the stereo-
metric microgap measurements, where the horizontal
misfit values were higher than the vertical ones in the 1-
screw test.”! In addition, since the H35 and H70 misfits
in the NE-NE group showed no statistical differences
from the control group and each other, the explanation
could be the small size of the microgap and its re-
production in the image because of the spatial resolution
of the digital sensor. In the previous study, the H35 and
H70 misfits in the NE-NE group created microgaps of
6.6 pm and 14.3 um, respectively, whereas the H100
misfit showed a dramatic rise up to 151 pm.”" In addi-
tion, in the E-NE and E-E groups, the statistically sig-
nificant rise in the MGV measurements was reported
earlier, at the level of H70. Previous studies support the
data, indicating that the E component in the framework
makes the FDP more sensitive to the misfit.”"*

Using the MGV method to detect misfit at the IAI
requires the assessment of passive and active fits and
subsequently 2 radiograph exposures to determine
whether a misfit is present or not. Radiation safety re-
commendations may contraindicate this method.

Limitations of the study included that because of the
different design features of engaging and nonengaging
abutments, the same standardized ROI could not be
used in both simulated scenarios, and a direct compar-
ison of engaging and nonengaging abutment fits was
not possible. However, identifying identical ROI for
engaging and nonengaging abutments is necessary in
order to obtain directly comparable results. Other lim-
itations included that only 1 type of implant system was
analyzed and, as the connection type has been reported
to influence the misfit at the TIAL"™'"?” further studies
that include other types of connections and implant
systems should be performed before the findings from
the present study can be adopted for other systems. As
third-party implant prosthetic components can be used
with different implant systems, this could further limit
the application of the study results to the particular
implant system.

The present study was performed in a controlled in
vitro setting with the radiograph tube angulation in
perfect parallel, essential for diagnostic accuracy.””""
The clinical situation differs as parallelism could be di-
minished, and, since implants are submerged in bone, a
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misfit in bone-level type implants could be difficult to
detect.

In this in vitro study, the MGVs of 256 different gray
scales were measured. The technology used could be
refined by using another software program and different
X-ray unit settings (kV, exposure time, and sensor
quality). Namely, a higher resolution could produce
more distinct differences in radiopaque and radiolucent
areas to facilitate MGV calculations. A more obvious
distinction between radiopaque and radiolucent areas
would reduce the number of exposures from 2 (active
and passive) to 1, which is preferable from a radiation
perspective. An interesting future application would be
to implement this method with artificial intelligence,
where an X-ray program could have a built-in function
for detecting misfit. The artificial intelligence software
available today can detect the implant type.” """ If it
were coupled with a refined MGV analysis adapted to
the design of the actual implant, it could indicate whe-
ther a misfit is present.

CONCLUSIONS

Based on the findings of the present in vitro study, the
following conclusions were drawn:

1. Measuring the mean gray value difference between
passive and active fit could be a promising alter-
native for the detection of microgaps in the im-
plant-abutment connection that result from
deviations of 70 to 150 pm.

2. Evaluating the radiographic images with an image
processing program revealed some disadvantages:
the mean gray value is not yet an adequate mea-
surement for detecting small misfits (<50 um) and
comparing the microgaps of E and NE abutments
because of the different abutment configuration
and, thus, the chosen ROL

3. As 2 radiographic images are not practical in daily
practice, checking for misfit should be done with
the restoration placed in passive fit.

4. To develop objective misfit assessment methods
that could facilitate clinical diagnosis, further in-
vestigations are needed regarding the proper se-
lection of regions of interest, X-ray unit settings,
clinical protocols with different types of implant-
abutment connections, and the application of arti-
ficial intelligence tools.
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