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ABSTRACT

Background: Computer-assisted preoperative implant planning and transfer toward the patient allow the production of
a prosthesis prior to surgery. This implies that the prosthesis can be installed immediately following implant insertion.
An inherent disadvantage of this is a cumulated error, which can lead to prosthesis misfit owing to topographic de-
viations of the planned versus the installed implants.

Purpose: The aim of this study was to determine whether prosthesis misfit is compromising the osseointegration of
immediately versus delayed loaded implants and whether freshly installed implants adapt to the prosthesis.

Materials and Methods: In each of five New Zealand White rabbits, two experimental conditions were compared. One
tibia harbored the so-called test implant, which originally showed a vertical misfit of about 500 pm with the prosthesis
to which it was tightened immediately after implant installation. The control implant was installed in the other tibia and
was allowed to heal during 9 weeks before the prosthesis with the vertical misfit of about 500 pm was connected to it. The
prostheses were left in place for 12 weeks, after which the animals were sacrificed.

Results: All implants healed uneventfully. There were no statistically significant differences between the biologic re-
sponses of test and control implants. With a three-dimensional laser scanner, significantly more displacement of the test
implants toward the prostheses was observed compared with the control implants. This led to a significant decrease in
prosthesis misfit for the test implants compared with the control implants.

Conclusions: This study indicates that prosthesis misfit does not per se lead to biologic failure of immediately loaded or
of already osseointegrated implants. In addition, immediately loaded implants seem to topographically adapt to the
prosthesis, thereby minimizing the existing misfit.
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planning (on digitized medical images), which allows
guided implant installation and the production of a
provisional or final prosthesis.”® Wagner and col-
leagues, however, compared the preoperative planned
implant position with the postoperative medical im-
ages and observed deviations of up to 3.5 mm (mean
1.1 mm).” Even with navigation systems that are used
in neurosurgery—in which precision is of the utmost
importance—comparable deviations are observed.'®"!
Using stereolithographic drill guides for implant place-
ment, entry point deviations could be limited to a mean
of 1.51 mm."? This inaccuracy implies that consid-
erable misfit can occur with prefabricated prosthe-
ses. It was therefore the aim of this study to find out
whether this prosthesis misfit is compromising the
osseointegration of the immediately loaded implants
and to assess whether the implants adapt topographi-
cally to close the gaps of the ill-fitting prosthesis.

MATERIALS AND METHODS

Animal Information

Five mature female New Zealand White rabbits were se-
lected for this study. They had an average weight of 3.3 kg
(SD 0.3 kg) at baseline and 3.6 kg (SD 0.5 kg) at the end of
the study. The rabbits were fed a standard diet ad libitum.
During the surgery, the animals were preanesthetized with
ketamine (Ketamine 1000 CEVA®, 0.12 mL/kg body
weight, Ceva Sante Animale, Mechelen, Belgium) and xy-
lazine (Vexylan®, 0.12 mL/kg body weight, Sanofi, Brus-
sels, Belgium) and were given propofol (Diprivan® 1%,
8 mL/h, AstraZeneca, Brussels, Belgium) as intravenous
anesthetic. Postoperatively, the animals were given bupre-
norphine as an analgesic (Temgesic®, 0.05 mg/kg body
weight intramuscularly, Reckit & Coleman, Hull, USA),
and antibiotics (300,000 IU/injection intramuscularly/
benzylpenicillum natricum 600 mg/Continental Pharma,
Brussels, Belgium) were administered peroperatively and
until 4 days postoperatively.

This study was approved by the local ethical
committee for laboratory animal science and was per-
formed according to Belgian animal welfare regula-
tions and guidelines.

Study Design
Two experimental conditions were compared:

1. Prostheses with a misfit of about 500 pm were con-
nected to implants immediately after their instal-

lation (test). The prostheses were left in place for
12 weeks.

2. Prostheses with a misfit of about 500 pm were con-
nected to osseointegrated implants 9 weeks after
implant installation (control). The prostheses were
left in place for 12 weeks.

For each rabbit, one tibia (test tibia) harbored the
test implant, whereas the other (control) tibia harbored
the control implant. Figure 1 represents the course of
the experiment.

Nine weeks prior to prosthesis installation, two
implants were placed in the test tibia. These implants
were referred to as pillar implants because they were
going to support the prosthesis. An elastomer impres-
sion was taken at the implant level (pick-up technique).
After this, the skin was closed and the implants were
left to heal subcutaneously for 9 weeks. A stone model
(test model 1) was made based on the impression, and a
third implant replica — representing the test implant —
was added in this model between the two pillar im-
plants. On this model, a drill guide for the installation
of the test implant was produced, together with the
final Cr-Co prosthesis. The prosthesis was made in such
a way that there was an optimal fit with the pillar
implants and a vertical misfit of about 500 um with
the test implant. After the 9-week healing period, the
pillar implants were uncovered, the drill guide was in-
stalled on these, and the test implant was placed. The
drill guide aimed to install the implant in such a way
that the vertical and horizontal positions, as well as the
inclination, of the implant replicated the positions on
the model. After test implant installation, another elas-
tomer impression was taken of all three implants (test
model 2). The prostheses were tightened directly (no
abutment interposition) to the pillar and test implants
with a torque of 35 Ncm (Manual Torque Controller®,
Nobel Biocare AB, Goteborg, Sweden) immediately
following test implant installation. The skin was closed,
leaving the prostheses supracutaneous. The animals
were sacrificed 12 weeks after prosthesis installation.
Attention was paid for any screw loosening before re-
moving the prosthesis. At that time, a final elastomer
impression (test model 3) of all three implants was taken.

On the control side, all three implants were placed
simultaneously. The lateral implants were the pillar
implants, and the middle implant served as the con-
trol. A first elastomer impression was taken (control
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Figure 1 Schematic overview of the study.

model 1) after implant installation, the skin was closed,
and all implants were left to heal for 9 weeks. On each
of these control models, a Cr-Co prosthesis was pre-
pared with a clinical optimal fit to the pillar implants
and a vertical misfit of about 500 pm to the control
implants. After the 9-week healing period, the implants
were uncovered and the prostheses were installed and
screw-tightened with a torque of 35 Ncm. The skin was
closed again, leaving the prostheses supracutaneous.
The animals were sacrificed 12 weeks after prosthesis
installation. Again, attention was paid to any screw
loosening before removing the prosthesis, and a final
elastomer impression (control model 2) of all three im-
plants was made. All implants were screw-threaded
anodized-surfaced implants (Ti-Unite™, Branemark
System®, Nobel Biocare) with a 10 mm length and a
3.75 mm diameter.

Histology and Histomorphometry

After sacrificing the animals, all test and control im-
plants with their surrounding bone were separated and
fixed in a CaCO3-buffered formalin solution. In prep-
aration for the ground sections (SP 1600, Ernst Leitz
GmbH, Wetzlar, Germany), the bone segments were
dehydrated in a graded series of ethanol and embedded
in methylmethacrylate and polymerized. All sections
were cut parallel to the long axis of the tibia. On average,

¢: CoCr superstructure

{}: tightening screw - animal sacrifice
-impression 3

. (test model 3)

Control side:

- animal sacrifice
-impression 2
{control model 2)

eight sections were made along the long axis of each
implant, but only three were analyzed. The section
closest to the middle of the implants was selected, as
well as the most medial and lateral sections. These sec-
tions were about 100 um thick and were ground to
about 25 pm and finally stained with Stevenel’s blue
and picrofushin red.

Histologic analyses were performed to generally

describe the tissues surrounding the implants. Histo-
morphometric analyses were done by means of a light
microscope (Laborlux S, Ernst Leitz GmbH, Troisdorf,
Germany) connected to a personal computer equipped
with a video and image analysis system (Image Pro Plus®,
3.0.01.00, Media Cybernetics L.P., San Diego, CA, USA).

The following parameters were defined (Figure 2):

1. Crater depth/surface (X9 magnification). The crater

depth (um) is measured as the distance between
the deepest point of the crater and a reference line
perpendicular on the implant axis, which connects
the upper part of the cortical bone with the im-
plant. If the upper part of the cortical bone is
located above the level of the implant shoulder, the
latter is taken as the reference point. The reason
behind this is that the formation of a crater-shaped
defect is evident when the implant-prosthesis inter-
face is placed below the level of the cortical bone.
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Figure 2 Illustration of the histomorphometric measurements.

The crater surface (um?) is measured relative to the
above-mentioned reference line as the surface of
the crater-shaped bony defect as observed on the
two-dimensional histologic section.

2. Bone-implant contact (X40 magnification). Bone-
implant contact (%) is defined as the proportion
of the length of the implant surface that is in direct
contact with the bone and the total length of the
implant surface as measured on a two-dimensional
histologic section. Bone-implant contact measure-
ments start from the first bone contact until the
region where bone contact ceases (marrow space).

Resonance Frequency Analysis

In addition to the histologic analyses, implant stability
was evaluated using resonance frequency analysis
(Osstell®, Integration Diagnostics Ltd, Goteborg, Swe-
den) and expressed as implant stability quotient (ISQ)
values. Resonance frequency measurements were done
just before and 12 weeks after prosthesis installation.
For the control implants, additional measurements were
done immediately after implant installation. During the
measurements, the transducer of the Ostell device was
mounted directly on the implant and oriented perpen-
dicular to the long axis of the tibia, with the elevated
part of the transducer on the lateral side.

Evaluation of the Implant Position

Both the pillar implants and the prostheses were used
as a reference to measure the changes in position of the
test versus control implants.

The effect of implant displacement was evaluated by
measuring the remaining gap between the prosthesis
and the test and control implants under the light micro-
scope (X12 magnification). The distance between the
implant and the prosthesis was measured starting on six
predetermined points on the implant and going per-
pendicular from the implant to the prosthesis (Figure 3).
Each gap value is therefore the mean of six measure-
ments. During the measurements, the prosthesis was
screw-tightened only on the pillar implants, not on the
test and control implants. To evaluate the influence of
the fixation of the ill-fitting prosthesis on the prosthesis
misfit as such, the gap was measured on test models 2
and 3 and control models 1 and 2.

Displacement of the test and control implants was
evaluated by determining the relative change in topo-
graphic position between one of the pillar implants and
the respective test or control implant by use of a three-
dimensional laser scanner (Laserscan 3D PRO, Willytec
GmbH, Miinchen, Germany). Before scanning, the first
pillar implants of two models were connected by means
of a metal bar (22 X 9 X 3 mm), and the test or control
implant was covered with a flat surface cover screw,
which was modified for the measurements. Pairs of
connected models were coated with a laser-light reflect-
ing coating (Developer D70, Helling, Heidgraben,
Germany), which was sprayed onto the models from
a constant distance. Figure 4 shows a schematic draw-
ing of a scanning image acquired from the Laserscan
3D PRO device. The surface of the test or the control
implant was divided into four measurement areas: a, b,
¢, and d. The vertical distances between five arbitrary
measuring points on each area and the top surface of
the metal bar (serving as reference surface) were mea-
sured. The mean value of these five measured distances
was calculated as representative for each area. The dif-
ferences between test models 2 and 3 were calculated
and represent the displacement of the test implant. This
was also calculated for control models 1 and 2. Re-
peated measurements of the same models revealed a
deviation of maximally 14 microns.

Statistical Analyses

The histomorphometric data, the resonance frequency
analyses (ISQ values), and the prostheses’ misfit mea-
surements of the test versus control implants were com-
pared using a two-tailed paired Student’s t-test. The
three-dimensional laser scanning data were compared
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Figure 3 Light microscopic image (X 12 magnification) of the gap between the test and the control implant before (fop) and

12 weeks after (below) prosthesis installation. The distance between the implant and the prosthesis was measured starting on six
positions on the implant and going perpendicular from the implant to the prosthesis (<»). These positions were the left and right
borders of the external hexagon of the implant and exactly in the middle. These measurements were done on a front view and a back
view. Note the inclination discrepancy between the test implant and the prosthesis, which prevents complete gap closure.

using a two-way analysis of variance. The level of sig-
nificance was set at 5%.

RESULTS

Both test and control implants osseointegrated well.
Nevertheless, they all showed some crestal bone loss.
Figure 5 presents the average (standard error of mea-
surement) crater depths, crater surfaces, and bone-
implant contacts of test versus control implants. The
differences in biologic response between test versus
control implants were not statistically significant.

The mean (standard deviation) resonance frequency
analysis (ISQ) values for test and control implants were
59 (11) and 65 (5), respectively, at baseline and 80 (10)
and 75 (14), respectively, after 12 weeks. There were no

significant differences between the test and control
implants. The increased ISQ values after 12 weeks dif-
fered significantly from the baseline.

Table 1 depicts the gap sizes between the prosthe-
ses and the test and control implants for each indi-
vidual animal before (test model 2, control model 1)
and 12 weeks after prosthesis connection (test model 3,
control model 2). An example of the misfit measure-
ments is shown in Figure 3.

At baseline, the vertical misfit between the pros-
theses and the test implants as measured on test
model 2 was, on average, 582.9 * 204.4 um. The con-
trol implants demonstrated an average vertical misfit
of 494.6 + 50.6 um as measured on control model 1.
There was a statistically significant decrease (p < .05) in
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Figure 4 A, Scanning image acquired from the Laserscan 3D
PRO device. B, Four measurement areas (a, b, ¢, d). As for five
arbitrary measuring points of each area, the vertical distances
from the top surface of the metal bar as a reference surface were
measured. The mean value of five measuring points was
calculated as a representative one of each area.
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gap size between baseline and the end of the study for
the test implants. The average (£ SD) change in misfit
amounted to 413.2 + 232.3 um. There was also a de-
crease in misfit (195.1 + 216.3 um) for the control im-
plants, but this difference was not statistically significant.

Table 2 represents the displacements of the test and
control implants as registered by the three-dimensional
laser scanner. These measurements revealed that the
displacement (510.6 + 305.1 pm) of the test implants
was significantly larger than that of the control im-
plants (186.6 £ 239.5 um) (p < .01). The values among
the four measurement areas (a, b, ¢, and d) did not
differ significantly.

DISCUSSION

The prosthesis misfit does not seem to compromise
implant osseointegration for the immediately or for
the delayed loaded implants. The term immediately or
delayed loaded implants was used in this context de-
spite the absence of occlusal loading of the prostheses

because the prosthesis misfit induced a tensile load
on the involved implants. Additional occlusal implant
loading was avoided to be able to assess the influence
of the static loads resulting from screw tightening the
ill-fitting prosthesis only, thereby excluding the effect
of any other additional loading.

Although all implants integrated, some crestal bone
loss was observed around all of them. No active signs
of bone resorption were seen histologically, indicating
that the bone remodeling reached an equilibrium. The
static tensile loads on the implants—caused by the
prosthesis misfit—could be responsible for this bone
loss. For the control implants, higher tensile loads are
supposed to remain owing to the larger remaining
gaps. Since all test implants eventually got in contact
with their prostheses at some point, it is likely that
the main part of the tensile loads was not further
distributed to the implant surroundings. Nevertheless,
a comparable bone loss was observed in test and con-
trol implants, indicating that other factors were also
affecting the bone.

The observed crestal bone loss could also be the
result of the percutaneous connection between the im-
plants and the prostheses. This skin perforation allows
epithelial downgrowth and access of microorganisms
to the implant site. Many authors report on the im-
portance of the microgap between the implant and
abutment prosthesis for microbial leakage, eventually
resulting in crestal bone loss.">'* It is obvious that a
prosthesis misfit as large as 500 pm harbors large
quantities of microorganisms, threatening crestal bone
integrity. Also, the fact that a periostal flap was made

120
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crater surface
(x 10* pm?)

crater depth (x 10 ym) bone-implant contact (%)
Figure 5 Graph representing the results of the histomorpho-
metric analyses: average (standard error of measurement) crater
depth (X 10 pum), crater surface (X 10* um?), and bone-implant
contact (%). No significant differences were observed.
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TABLE 1 Gap Size (um) between Prosthesis and Test and Control Implant before and 12 Weeks after

Prosthesis Fixation, as Measured under the Light Microscope

Test Control
Before 12 Weeks Before 12 Weeks
Prosthesis after Prosthesis Difference Prosthesis after Prosthesis Difference
Animal Fixation Fixation before-after Fixation Fixation before-after
1 388.6 7.6 381.01 527.63 97.14 430.49
2 689.5 219.1 470.4 523.8 466.64 57.159
3 358.4 320.1 38.32 503.04 74.28 428.76
4 642.0 123.8 518.19 405.71 417.20 —11.49
5 836.2 178.0 658.23 512.63 441.93 70.7
Mean (SD) 582.9 (204.4) 169.7 (115.6) 413.2 (232.3) 494.6 (50.6) 299.4 (196.1) 195.1 (216.3)

prior to implant installation can explain some crestal
bone loss as well."

The screw tightening of the prostheses on the test
implants resulted in a significant decrease in the gap
size. Although the implants were installed bicortically
in the tibia, the tightening torque (35 Ncm) seemed to
be sufficient to pull the nonintegrated test implant
toward the prosthesis. This movement occurred most
probably during the fixation of the prosthesis, thereby
possibly inducing microfractures of the bone between
and outside the implant screw threads. The fact that
the prostheses were as firmly connected to the implants
at the time of prosthesis connection compared with
12 weeks afterward (no screw loosening was observed)
makes it very unlikely that the implant moved after
prosthesis fixation. In all cases, the prostheses were in
contact with the test implants at some point, although
not always along the entire implant neck surface. In
some cases, the gaps could not close completely be-
cause there were additional horizontal prosthesis mis-
fits and discrepancies between implant and prosthesis
cylinder inclination (see Figure 3).

Although the prosthesis misfit in the case of the
control implants did not decrease significantly, some
implant movement toward the prosthesis occurred.
The high biologic tolerance against these considerable

during the course of the experiment—revealed a dis-
placement of the implant posts as well. The authors
interpreted this displacement as being the result of a
plastic deformation of the implant posts because no
corresponding displacement of the implants could be
identified on radiographs. It is unlikely that the ob-
served implant displacement in our study is due to
deformation of the implant itself or the prostheses,
which were taken as a reference to measure the misfit.
No deformation of the implants was seen on the his-
tologic sections, and the fit of the prostheses on the
primary models remained the same during the experi-
ment, which confirms the lack of deformation. Taking
the mechanical properties into account, cortical bone
is at least 10 times more likely to deform than tita-
nium.”* The observed implant movement caused by
bone deformation—owing to strain and microfractures—
most likely occurred at the time of prosthesis connection
because, also for the control implants, the prostheses
were as firmly connected to the implants at the time

TABLE 2 Displacements (um) of the Test and

Control Implants, Registered by the
Three-Dimensional Laser Scanner

Test Implant Control Implant

. . 16-20
sta‘flc l.oads was already reported many tlme.s, Animal B e
which is not the case for the present observation of
displacement of osseointegrated implants. In an experi- ! 607.4 485.0
ment by Gotfredsen and colleagues on three dogs, 2 913 152

. . . 3 267.1 409.2
osseointegrated implants were statically loaded by . 2132 Lo
means of an expansion screw that was activated every . . 4' 5 5 4'5

. . 21 . .

2 weeks during a period of 10 or 46 weeks.”” Implant Mean (SD) 5106 (305.1) 186.6 (239.5)

posts in the models—made from impressions taken
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of prosthesis connection compared with 12 weeks
afterward. Implant displacement after prosthesis fixa-
tion would have resulted in clinically evident relaxation
of the implant-prosthesis connection. However, because
the current observation is not statistically significant,
more research is mandatory to support or reject the
possibility of osseointegrated implant displacement.
This animal study reveals that prosthesis misfit
does not lead to biologic failure of immediately loaded
or already osseointegrated implants and that an imme-
diately loaded implant is topographically forced to fit
an ill-fitting prosthesis. However, these findings are
not an excuse not to reach an optimal fit in clinical
conditions, especially in healed implant sites. It has
been well documented that a compromised fit leads to
mechanical failures (eg, screw and abutment fracture)

and screw loosening.”>**
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