Changes in the Abutment/Implant Interface
in Morse Taper Implant Connections
After Mechanical Cycling: A Pilot Study
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Purpose: The aim of this study was to measure and compare, using scanning electron microscopy, the
implant-abutment interface of a Morse taper system before and after cyclic loading. Materials and Methods:
Four Morse cone implants and four solid abutments were used. These abutments had been machined to
reduce the diameter of the part corresponding to the site of prosthesis cementation. They were then screwed
onto the implants and torqued to 25 N. Under a scanning electron microscope, 32 images (16 before and
16 after cycling) of the interfaces were obtained under X 1,000 and X5,000 maghnification. The samples
were subjected to 345,600 cycles with a fatigue testing machine, in which the applied load was 80 N and
the frequency was 4 Hz, to simulate chewing. With appropriate software (Image Tool 3.0), the marginal gaps
of the interfaces before and after load cycling were measured. The data were analyzed with the Student
t test at a significance level of 5%. Results: Significant differences were found between interfaces before
and after cycling. Prior to mechanical cycling, the Morse taper implant/abutment assemblies exhibited an
average gap size of 3.34 + 2.17 mm, whereas the average gap size after mechanical cycling was 1.35 + 0.64
Umm. Conclusion: After mechanical cycling, there was a significant decrease in the size of the gap, which
indicated better adaptation and sealing ability at the level of the microgap. INT J ORAL MAXILLOFAC IMPLANTS
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he prognosis regarding the longevity of dental im-

plant treatment is predictable, and when placed
in ideal positions, with adequate prosthesis design
and proper maintenance, implants can achieve suc-
cess rates of 97% to 99%, with outstanding long-term
functional performance.-3 The vast majority of stud-
ies indicate satisfactory success with implant-sup-
ported prostheses*~”; however, in longitudinal clinical
evaluations, mechanical and microbiologic compli-
cations have been reported,*®° which can loosen
the abutments'® and damage the implants and the
supporting tissues."" The leakage of microorganisms
and fluids to the inner part of the implant is consid-
erably increased by load application, which generates
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micromovements and interfacial gaps'? and can thus
lead to peri-implantitis.'?

The significance of the existence and location of a
microgap between implant components is poorly un-
derstood.’ The reason for the reaction to the presence
of a microgap is not known, but, as already pointed
out, it could be related to the presence of contamina-
tion by bacteria at the implant-abutment interface or
to micromovements at the interface.’ Gaps and cavi-
ties have been described in two-piece implants, even
when good marginal fit of the implant components
is present. These hollow spaces can serve as traps for
bacteria, which might then lead to inflammation in
the peri-implant soft tissues.'®"'? Bacterial leakage
at the junction between the abutment and the im-
plant, as well as along the abutment screw, has been
reported.'” The microorganisms found inside the im-
plants might be associated with the bone loss that is
typically observed during the first year after implant
placement.’®?° The gap generated by this misfit can
also act as a trap for bacteria colonization, which might
cause inflammatory reactions in the peri-implant soft
tissues. 2123

In the oral cavity, masticatory forces act on the pros-
thetic restorative materials to promote cyclic mechani-
cal impulses, which can be partly simulated in the
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Fig 1 (Left) The Morse cone implant used and (right) the origi-
nal dimensions and form of the abutment.

Fig 3 View of the marks made on the implant platform to de-
termine the locations of images acquired by SEM, starting at the
position identified by the yellow arrow and continuing clockwise.

laboratory by mechanical cycling machines, which at-
tempt to mimic the physiologic conditions found dur-
ing chewing. Thus, this pilot study aimed to examine,
through scanning electron microscopy (SEM) images,
the behavior of the existing gap in the implant-abut-
ment interface of Morse taper implants after mechani-
cal cycling.

MATERIALS AND METHODS

For this research, four dental implants with a Morse
taper connection (Implacil De Bortoli) with a diam-
eter of 4.0 mm and a length of 11 mm were used (Fig
1a). Since this is a pilot study, the number of samples
was determined by the ability of the test equipment
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Fig 2 (Left) The abutment/implant assembly before machining
and (right) after machining to reduce the body of the abutment.
The yellow lines show the portion of the abutment that was re-
moved.

to work with four pieces simultaneously. Four straight
abutments were used; these comprised a 3.5-mm-long
transmucosal portion, a 4.0-mm-high baseplate pros-
thetic, and a 4.5-mm-diameter platform (Fig 1b).

The junction between the abutment and a Morse
taper implant is situated on the platform of the im-
plant, providing the effect of platform switching. After
emerging from the implant at 2.3 mm in diameter, the
abutment increases in diameter to create an emer-
gence profile that reaches 4.5 mm in diameter. Thus,
it is possible to analyze this gap through direct visual-
ization; images can be obtained from above, looking
into the interface of the implant/abutment, so that the
abutments can be machined to reduce their diameter,
thereby removing this emergence profile (Figs 2a and
2b). This procedure was carried out in the machining
division of the Implacil De Bortoli factory on a comput-
erized lathe (Cincom C16 1M7A, Citizen) to ensure ac-
curacy in the preparation of samples, which was done
at low speed and with abundant irrigation to prevent
changes in the metal structures. After machining, the
upright abutments were washed with water in an ul-
trasonic tank for 20 minutes to remove residues from
the cutting process.

The entire surface of the abutment/implant in the
implant platform was marked with a high-speed drill
to identify four points (I, Il, Ill, and 1V) that divided the
circumference of the implant platform into four equal
parts. Marking of the locations of these lines, from
which the images were obtained, was randomized (Fig
3). The images were always captured in a clockwise
direction.

After these procedures, the implants were fixed in a
vise, and the abutments were inserted with an applied
torque of 25 Ncm, as recommended by the manufac-
turer, with an analog torque wrench (BTG 60 CN - S,
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Fig 4 The paralleling device used to position
the resin sets; the yellow line represents the
final distance from the resin to the implant plat-
form.

Fig 5
the specimen, which was immersed in saline solution at a temperature of 37°C.

Tohnichi). After 10 minutes of initial torque application,
a further application of torque (with the same intensity
as the initial torque) was performed to minimize the
effect of settling and aid in the maintenance of an op-
timal preload, as suggested by others.?* Images of the
four samples were then obtained under an SEM (JSM
5310, Jeol) at magnifications of X1,000 and X 5,000.

For the fatigue testing, four polyvinyl cylinders
were fabricated at a height of 15 mm, an external di-
ameter of 15 mm, and an inner diameter of 12 mm.The
abutment/implant assemblies were placed into these
cylinders with the aid of polyacetal guides, and a posi-
tioning device with vertical rods, which allowed for the
engagement of the ends of the polyacetal guide, was
used to center the sets with regard to the vertical and
horizontal axes.

With the sets centered, the resin was manipulated
according to the instructions of the manufacturer. Af-
ter the resin was mixed, the polyvinyl cylinders were
filled with the resin to approximately T mm below the
platform of the implant (Fig 4). This type of resin has
a tensile modulus of 0.21 X 10° N/m?, similar to the
elastic modulus of human trabecular bone (0.14 X 10°
N/m?2).2>

Final polymerization of the resin occurred within
72 hours in an oven at a controlled temperature of
60°C, after which the specimens were disconnected
from the positioning devices. The fatigue tests of the
four specimens were performed at the Department of
Dental Materials, School of Dentistry, University of Sdo
Paulo in a mechanical cycling machine (Bio PDI, Biocy-
cle). This machine had four pistons that were equipped
with polyacetal tips (Fig 5), so that no direct impact oc-
curred between the two metal surfaces.

In the tests, 345,600 cycles were applied with a fre-
quency of 4 Hz and a sinusoidal force of 80 N, which

(a) The polyacetal tip manufactured for testing. (b) The piston contact with

was representative of approximately 14 months of
function. This load corresponds to median functional
masticatory forces (about 60 to 100 N).26 The tests were
performed with the specimens immersed in saline at
approximately 37°C; this was automatically controlled
and maintained by a thermostat connected to the bot-
tom of each recipient in each sample. The load was ap-
plied in the direction of the long axis of the abutment/
implant assembly.

Upon completion of the programmed cycles, new
images were obtained under SEM in the same posi-
tions as described earlier. In this process, the samples
were placed in water in an ultrasonic vat for 20 minutes
to remove any undesirable residue, and they were sub-
sequently sputter coated with gold (Denton Acuum
Desk Il) to enhance the SEM images because of the
presence of resin in the samples.

In each set, four images were obtained in the equi-
distant positions shown in Fig 2. The observations
were made in the four different areas of all four im-
plants; thus, 16 images at X 1,000 magnification and
16 images at X5,000 were obtained before cycling.
After testing, 32 additional images were obtained (16
images at X1,000 magnification and 16 at x5,000
magnification after cycling), resulting in a total of 64
images for analysis.

The images at the abutment/implant interface ob-
tained under X5,000 magnification (n = 32) were used
for measurements (quantitative analysis), which were
performed with Image Tool (version 3.0 for Windows,
University of Texas Health Science Center, San Anto-
nio). These measurements were made at three points
on each gap image (Fig 6): one in the center of each
image and the other two on each side, 7 um from the
center point. The average of these three measures was
used as the reported value for each gap.
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Fig 6 Image of the measured gap in one of the samples, where
L1 = the right measurement; L2 = the central measurement; L3
= the left measurement.

Fig 7 Images of sets
I, Il, Ill, and IV taken at
X1,000 magnification.
It is evident that the
implant-abutment gaps
decreased after me-
chanical cycling.

Before

Statistical analysis of the collected data was per-
formed using the Student t test.

RESULTS

Results are presented in a qualitative manner based on
comparative evaluation of theimages and quantitative
measurements of the interfaces. For the qualitative
analysis of the gaps, the images taken at X 1,000 mag-
nification were used, whereas the images obtained at
X 5,000 magnification were used for statistical analysis
(quantitative).

Qualitative Analysis of the Gaps

When the images were compared, it was evident that,
after cycling, there was an approximation between the
walls of the implant and the abutment that reduced
the existing gap initially. More “barbs” were present on
the abutments, suggesting that there was deformation
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Before After

Fig 8 Comparison of the average gaps (with standard devia-
tions) in the samples before and after mechanical cycling.
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Fig 9 Comparisons of the sizes of the gaps measured in the
four sets before and after mechanical cycling. 1Q = first quartile;
min = minimum; med = median; max = maximum; 3Q = third
quartile.

of the abutment and intrusion (via loading) into the
implant. This increased friction between the walls of
these components increased the degree of union,
which is also called “cold soldering” The differences
in the interface before and after cycling are apparent
from the images, which reveal a decrease in the size of
the interface after mechanical cycling (Fig 7).

Quantitative Analysis of the Gaps

The measurements of the implant/abutment gaps
were tabulated in a spreadsheet, and the average mea-
surements were obtained from each quadrant. These
data were used to generate a chart comparing the
gaps measured before and after mechanical cycling
(Fig 8).

Statistical Analysis

The average preload size of the gap was 3.34 + 2.17
pmm, and the average size of the gap after loading was
1.35 £ 0.64 mum, illustrating a decrease in the cracks
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after cycling, which simulated mastication. After analy-
sis of the second graph (Fig 9), it became evident that
there was a decrease in the sizes of the gaps between
the abutments and implants after mechanical cycling.
The differences in the mean sizes of the analyzed gaps
were significant (P =.0006).

DISCUSSION

Most dental implant systems consist of two parts, so
that the implant receives a prosthetic component,
and a bonding interface is created at which larger or
smaller gaps between their walls can exist, depend-
ing on the degree of fit between the two parts.* These
gaps increase the mechanical stress on the connecting
structures and the surrounding bone tissue, and they
may also lead to a loss of preload or to screw fracture,
resulting in various biologic outcomes.?”-?8¢ Moreover,
microgaps at the implant/abutment interface induced
by an ill-fitting connection may allow bacteria to pen-
etrate and colonize the inner part of the implant, facili-
tating inflammatory processes.?’-2°

Failures are more frequent in prosthetic tooth res-
torations, and most often consist of loosening and/
or fracture of the screws retaining the abutment.®303!
Such failures can result in discomfort for the patient,
additional chair time to resolve the problem, peri-im-
plant tissue reactions,®' bone loss around the implant,
and even fracture of the implant components.3? Sev-
eral clinical and laboratory studies have established
the main causes, solutions, and clinical implications of
the loosening of abutment screws; these publications
have also addressed other types of implant/abutment
connections,?334 the surface treatment of the screws,
the optimization of sedimentation and increases in
preload, and the suitability of various occlusal loads on
implants.3?

At present, conical connections exhibit the best
performance from a biologic and mechanical point of
view as aresult of the improved fit between the implant
and abutment. However, the ideal implant/abutment
connection, which would eliminate the risk of bacte-
rial penetration, has not yet been implemented.*3>36
To facilitate the development of a high-quality seal
against bacteria, a large number of studies have fo-
cused on the penetration of microorganisms through
microgaps in the implant/abutment interface. The
majority of these papers have studied this seal under
static conditions in vitro, without considering in vivo
temperature variations and chewing stresses.#27:3>

The smaller the interference between the seating of
the prosthetic abutment and the inner surface of the
Morse taper implant, the higher the removal torque
of the prosthetic component will be. This ensures that

the gaps recorded in the abutment/implant system
are evaluated as having a favorable connotation, and it
ensures the highest amount of imbrication in the me-
chanical portion of the conical prosthetic abutment.3®
This is the likely explanation for the number of clinical
studies that have reported high rates of successful res-
toration of two-stage Morse taper implants.37:38

There are only a few studies, usually concerned with
butt-joint connections, that examine the possibilities
of direct in vitro observation using microradiography,
SEM, optical microscopy, laser scanning microscopy, or
theoretical approaches through finite element model-
ing.3°4% Although many authors have reported a per-
fect fit with regard to conical connections, a recent
study that used direct in vitro observation of conical
coupling through hard x-ray synchrotron radiation
demonstrated the presence of a microgap.3® Addition-
ally, recent leakage tests have demonstrated that this
geometry cannot result in a perfect seal 3940

However, the literature lacks studies that relate the
size of the gap at the implant-abutment interface of
the Morse taper connection before and after mechani-
cal cycling using SEM. Fatigue tests have attempted to
simulate the masticatory load to determine the stabil-
ity of the interface, but most studies have employed
different methodologies to apply these loads, ie, varia-
tions in the number of load cycles used, the frequency,
the applied forces, the site, the form of load applica-
tion, and the temperature, among others, have been
used.334 The protocol for the study of load values and
the frequency of simulated masticatory cycles had its
foundation in the work of other authors.334!

The results of this analysis demonstrated the ex-
istence of gaps, similar to those described in the lit-
erature, which varied between 2 mand 9 umm for
implants prior to the application of loads. These values
were decreased significantly after mechanical load-
ing, which shows that the clamping force between the
components is increased by chewing, which promotes
compressive intrusion forces*? and reduces the possi-
bility of failures in the system; these results are similar
to those of other studies.?®*3 However, bacterial pen-
etration at this location, on the basis of the averages
obtained and demonstrated, is possible, knowing that
the pathogens vary in their size. For example, Acti-
nobacillus actinomycetemcomitans, which is a gram-
negative organism that is 0.7 £ 1 um in diameter and
1 % 0.4 um long,** could penetrate and produce fluid/
toxins at the site, perhaps with much less intensity for
reducing the population in this space. [AU: Not sure
what is meant by the phrase “perhaps with much
less intensity for reducing the population in this
space.” Do you mean “perhaps giving another rea-
son to reduce the size of the implant/abutment
gap”? Please clarify.]
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This paper proposes the future use of in vitro direct
observation by SEM of Implacil De Botroli Morse taper
implant systems to detect possible microgaps that are
visible within the magnifications adopted for acquisi-
tion and to examine the implant/abutment contact
surfaces. Moreover, statistically significant differences
were found between the surface data collected before
and after the application of loads on implants.

CONCLUSION

From the obtained results, it can be concluded that
after mechanical cycling, there was a significant de-
crease in the gap at the abutment/implant interface,
which was probably a result of intrusion and defor-
mation of the abutment. Thus, within the limitations
of this pilot study, although a small sample was used,
the forces of mastication can improve the retention of
the abutment on an implant by increasing the friction
between the walls of these components, reducing the
probability of micromotion between the parts and
hence the possibility of abutment loosening.
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