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ABSTRACT

Objective: Bone is constantly exposed to dynamic and static loads, which induce both dynamic and static bone strains.
Although numerous studies exist on the effect of dynamic strain on implant stability and bone remodeling, the effect of
static strain needs further investigation. Therefore, the effect of two different static bone strain levels on implant stability
and bone remodeling at two different implantation times was investigated in a rabbit model.

Methods: Two different test implants with a diametrical expansion of 0.15 mm (group A) and 0.05 mm (group B) creating
initial static bone strains of 0.045 and 0.015, respectively. The implants were inserted in the proximal tibial metaphysis of
24 rabbits to observe the biological response at implant removal. Both groups were compared to control implants (group
C), with no diametrical increase. The insertion torque (ITQ) was measured to represent the initial stability and the removal
torque (RTQ) was measured to analyze the effect that static strain had on implant stability and bone remodeling after 3 and
13 days of implantation time.

Results: The ITQ and the RTQ values for test implants were significantly higher for both implantation times compared to
control implants. A selection of histology samples was prepared to measure bone to implant contact (BIC). There was a
tendency that the BIC values for test implants were higher compared to control implants.

Conclusion: These findings suggest that increased static bone strain creates higher implant stability at the time of insertion,
and this increased stability is maintained throughout the observed period.
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studies have investigated how static strain affects bone
modeling and remodeling.*'* Perren and colleagues'
induced a pressure to intact and osteotomized bone and
recorded the change in pressure over time and discov-
ered that the pressure slowly decreases with time. In a
study by Lynch and Silva,’ it was concluded that bone
damage created by static strain can trigger woven bone
response. Halldin and colleagues® demonstrated that
static strain induced by a press-fit implant is maintained
24 days after insertion. When an implant is inserted in
the bone with a press fit, it induces static strain to the
bone. The level of static strain that the bone can with-

stand before fracture depends on the type of bone,'""

’ age,'" and loading rate.”

degree of mineralization,'
According to Currey,” the adult human femur has an
ultimate strain level of 0.02 strains and a yield strain
level of 0.007. McCalden and colleagues'* reported ulti-
mate strains, for human femora, ranging from 0.01 to
0.04 with lower values for higher ages. McElhaney'
demonstrated ultimate strains of human cortical bone
in the range of 0.01 to 0.02 with lower values for high
strain rates. The yield strain level for various types of
bone and species is in the range of 0.005 to 0.01.” The
magnitude of static strain induced to the bone during
implant installation depends on implant geometry,
osteotomy preparation, bone anatomy, and surgical
technique. Initially, the static strain creates a press fit
that stabilizes the implant during the osseointegration
and remodeling process. Hence, to understand how the
remodeling process alters the prestress over time, it is of
great interest to obtain enhanced initial implant stability
by increased controlled press fit.

After implant installation, bone modeling and
remodeling are initiated to heal the surgical trauma and
to increase the implant stability.'®"” It has been sug-
gested that high strain or compression beyond the physi-
ological limit may result in ischemia and pressure
necrosis that may reduce the implant stability during the
first few weeks.'® This has been said to be one of the
reasons for the implant failure in clinical situations,
where high amount of torque is misinterpreted as high
initial stability."” An earlier investigation has reported
that static strain less than the yield strain seems not to
induce rapid bone resorption.'’ In our previous study, it
was found that a press fit remained after 24 days in
rabbit with an initial static strain beyond the yield
strain.® It has been suggested that prestressed bone is
gradually eliminated during remodeling."” In clinical

studies, a greater decrease in implant stability after 2—3
weeks has been observed in bone of lower quality.'® The
reduction in stability was explained by remodeling of
old bone before new bone formation increases implant
stability.'® In addition, bone is a viscoelastic material®»*'
that reduces the initial prestress due to relaxation of the
material, and, hence, mechanically reduces the implant
stability over time. The reduction in prestress due to
viscoelastic effects is greatest directly after the induced
strain.'®** The initial reduction of implant stability may
partly be explained by the viscoelastic properties of
bone. It is of great interest to investigate how different
static strains affect the implant stability and bone
remodeling during the initial healing phase. The aim of
the present study was to investigate the effects of prede-
termined static strains between the yield strain (~0.007)
and ultimate strain (~0.02) and beyond the ultimate
strain (~0.02) on implant stability and bone remodeling
during the initial healing phase in a rabbit model,
represented by the removal torque (RTQ) value 3 and 13
days after implant installation. The static strains were
induced during implant insertion, by an increase in
implant diameter.

MATERIALS AND METHODS

Implants and Surface Topographical
Characterization

Specially designed turned screw-shaped implants of
titanium (grade 4), manufactured with tight tolerances
and without surface treatments, were used in this study.
The test implants comprised of three different portions:
one cutting portion, one transition portion with a
gradual increase in diameter, and one condensation
portion Figure 1. Test implants of group A had an
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Figure 1 Illustration of the implants with different regions.




increase in diameter from the cutting region to the con-
densation region of 0.15 mm and test implants of group
B had an increase in diameter of 0.05 mm. The test
implants were compared to the control implants (group
C) which had no diametrical increase.

Surgical Procedures and Insertion Torque

rabbits
(females, approximately 10 months old) were used in

Twenty-four New Zealand white mature

this study. The study was approved by the local animal
ethical committee at Gothenburg University. Animals
were anesthetized with intramuscular injections of
fentanyl and fluanisone (Hypnorm Vet, Janssen
Farmaucetica, Belgium) at a dose of 0.5 ml per kg of
body weight and intraperitoneal injections of diazepam
(Stesolid, Dumex, Denmark) at a dose of 0.25 mg per
animal. Before surgery, the rabbits were carefully shaved
and washed with a mixture of 70% chlorhexidine and
70% ethanol. Thereafter, local anesthesia with 1.0 ml
of 5% lidocaine (Xylocain, AstraZeneca, Sodertilje,
Sweden) was injected subcutaneously in the surgical site.
Each animal received two implants in the proximal tibia
metaphysis of each leg. The left leg was used for the test
implants (group A and B). Group A implants were
installed proximally in the proximal tibia metaphysis
and group B implants were installed distally. The control
implants (group C) were installed the right leg. The
osteotomy was prepared with several drills under con-
stant irrigation of physiological saline solution to a final
drill diameter of 3.3 mm corresponding to the core
diameter of the cutting portion of the implant. The
implants were inserted with the rotation speed set at 25
revolutions/min using W&H implant unit (Elcomed,
W&H SA-310, Burmoos, Austria). During installation,
the cutting features of the implants created a threaded
cavity in the bone, to match the outer shape of the
implant. The cutting region defines the shape of the
bone before the transitional region gradually increases
the strains in the surrounding bone to the final conden-
sation level. The condensation region equalizes the
strain in the cortical bone. The installation stopped
when the upper section of the condensation region was
flushed with the cortical bone surface. The insertion
torque (ITQ) was measured by the drilling unit during
the installation procedure. The maximum insertion
torque represents the torque achieved by the con-
densation feature. After the surgery, a single dose of
prophylactic antibiotic (Borgal, Intervet, Boxmeer,
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Netherlands) was administered, 0.5 ml per kg body
weight.

One animal was euthanized after 10 days due to
infection not related to surgery.

RTQ

At 3 days and 13 days after implant installation, the
remaining 23 animals were euthanized with an overdose
of pentobarbital sodium (60 mg/ml, Apoteksbolaget AB,
Stockholm, Sweden). The skin above the implants was
incised, and the RTQ was measured on eight animals
with 3 days implantation time and on seven animals
with 13 days implantation time. The remaining four
animals for each implantation time were processed for
histologic analysis. The peak RTQ was recorded with a
computer control RTQ device, in which the values were
transmitted at a frequency of 100 Hz to the computer
via a control box.*”” The square-shaped implant head was
connected to the RTQ device, and an increasing torque
was applied until failure of the bone-implant interface
occurred. The maximum torque represents the RTQ
value.

Unfortunately, one test implant from group (B)
exhibited higher RTQ than what the RTQ device was
preset to record as a maximum value. However, the
maximum recorded value was used in the statistical
calculations.

Preparation of Undecalcified Cut and
Ground Sections

In order to comprehend the biological effects of the
various static strains, paired samples from four rabbits
were randomly chosen for histologic evaluation. In brief,
after euthanization, the samples were immersed in 4%
neutral buffered formaldehyde, and were subjected to
undecalcified cut and ground sectioning®** with the
Exakt equipment (Exakt Apparatebau, Norderstedt,
Germany). Processing of the samples were initiated by
dehydration in ethanol from 70% up to 100% followed by
infiltration in diluted resins and finally embedding in
pure resin (Technovit 7200 VLC, Kulzer, Germany).
Thereafter, the samples were cured using UV light. The
cured blocks were divided in the long axis of the implant
and one central 200-um section from each implant was
prepared. The sections were ground with SiC papers of
various grain sizes to a final thickness of 15 um. The sec-
tions were stained with the routine staining, that is, tolui-
dine blue mixed in pyronin G allowing identification of
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bone to implant contact (BIC) using a light microscope.
Finally, the section was coverslipped with ordinary
mounting media before histomorphometrical.

Histologic Observations

The prepared sections were subjected to histomorpho-
metric analyses. The BIC was quantified using a light
microscope (Eclipse ME600, Nikon, Japan) and software
(Image J 1.45 S, Wayne Rasband, National Institute of
Health, USA). The BIC was defined as the distance of
BIC in um between two thread speaks just below the
cortical bone. To be included in the measurement, two
thread speaks had to be located in the condensed region.

Statistical Analysis

Analyses of changes in RTQ, ITQ, and BIC between test
(A and B) and control (C) implants within the same
implantation time were performed using pairwise
t-tests. The data were assumed to be normally distrib-
uted after performing standard statistical tests for nor-
mality. Analyses of changes in RTQ over time (24 days
data were extracted from previous study) were per-
formed using two-sample #-tests. Again, data were
assumed to be normally distributed after performing
standard statistical tests for normality.

Theoretical Calculations

In an earlier study by Halldin and colleagues,® a two-
dimensional axisymmetric FEA simulation of the con-
densation process was performed to calculate the
theoretical maximum principal strain induced by a
radial displacement of the implant surface of 0.075 mm
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representing group A and 0.025 mm representing group
B. For group A implants, the maximum principal strain
in the surrounding bone was 0.045; for group B
implants, the maximum principal strain obtained
was 0.015.

RESULTS

Insertion Torque Measurements

The installation torques were measured during the com-
plete installation cycle and are illustrated in Figure 2.
The differences in installation torque between groups A,
B, and C are caused by different levels of condensation
and different conditions of the respective sites. During
ITQ measurement, four different regions can be identi-
fied. In region 1 (below 3.5 seconds), ITQ increases due
to the fact that the bone is cut to match the outer shape
of the implant. In region 2 (below 3.5-6 seconds), ITQ
decreases since the bone profile matches the outer shape
of the cutting region before the transition region starts.
In the regions 1 and 2, the ITQ for the same site are
identical regardless of test or control since the transition
region has not reached the bone. In region 3 (6-10
seconds), the transition region gradually increases the
strain level and installation torque for the test implants.
The control implants exhibit no increase in ITQ. In
region 4 (above 10 seconds), the condensation region
equalizes the strain over the cortex and the installation
torque is elevated for the test implants. If the implant is
cutting threads in the apical bone at the end of implant
installation, the torque increases slightly. This is in
agreement with the earlier study.® The Maximum ITQ in
region 4 is assumed to represent the initial stability.
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Figure 2 Mean ITQ values over time at installation. The differences in installation torque between group A, B, and C are caused by
different levels of condensation and different sites. In the beginning, below 6 seconds, no condensation has occurred and,
consequently, test and control have similar behavior in ITQ for respective sites.
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Figure 3 Box plot of the maximum ITQ values for two different implantations times. Group C has no condensation, group B has a
moderate-level condensation, and group A has a high level of condensation. The asterisk means significant difference between test

and control.

The results and the statistical analyses from the ITQ
measurement for the two different implantation times 3
and 13 days and the three different implants (group A,
group B and group C) are presented in a box plot
(Figure 3 and Table 1). The difference in ITQ between
test and control for 3 and 13 days of implantation times
was normally distributed. The ITQs for group A and
group B implants for 3 days implantation time were
significantly higher than for the corresponding control
group C (p <.0001 and p <.0001, respectively) and the
ITQs for group A and group B implants for 13 days of
implantation time were significantly higher than for the
corresponding control group C (p <.0001 and p <.01,
respectively).

RTQ Measurements

The results and the statistical analysis of the maximum
RTQ measurement for the two different implantation

times 3 and 13 days and the three different implants
(group A, group B and group C) are presented in a box
plot (Figure4 and Table 2). The difference in RTQ
between test and control for 3 and 13 days implantation
times can be assumed to be normally distributed. The
RTQs for group A and B at 3 days of implantation time
were significantly higher than for the corresponding
control group C (p=.008 and p <.0001, respectively),
and the RTQs for group A and B at 13 days of implan-
tation time were significantly higher than for the corre-
sponding control group C (p=.0005 and p=.0001,
respectively). The statistical analysis of the maximum
RTQ value for three different implantation times (3, 13,
and 24 days, the 24 days data are extracted from the
previous study) is presented in Figure 6.

The RTQ for group A, B, and C, distal placement for
3, 13 and 24 days, can be assumed to be normally dis-
tributed. Group A exhibited no significant difference in

TABLE 1 Results from ITQ Measurement

Installation torque (ITQ)

J e Test Control

Time (Days) Site # Samples Group Mean Torque Nmm (SD) Group Mean Torque Nmm (SD) p-Value t-Test
Tibia Prox 12 A 411 (91) C 121 (76) <.0001
Tibia Dist 12 B 381 (79) C 73 (22) <.0001

13 Tibia Prox 8 A 445 (128) C 88 (38) <.0001

13 Tibia Dist B 387 (65) C 94 (31) <.0001

Due to the increased condensation, the ITQ for test implants were significantly higher compared to the control implants with no condensation.
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Figure 4 Removal torque for two different implantation times. Group C has no condensation, group B has a moderate-level
condensation, and group A has a high level of condensation. The asterisk means significant difference between test and control.

RTQ between 3 and 13 days and 13 and 24 days (p = .326
and p =.092, respectively). For group B, there is a sig-
nificant decrease in RTQ between 3 and 13 days and 13
and 24 days (p=.024 and p =.046, respectively). For
group C, distal placement, there is a significant increase
in RTQ between 3 and 13 days and 13 and 24 days
(p <.001 and p < .001, respectively). The data for group
C, proximal placement, can not be assumed to be
normally distributed; therefore, no statistical analysis
was performed. However, the RTQ seems to have
increased over time.

Histomorphometry

Four sections had to be excluded since the condensed
threads were not placed in the correct position. There-
fore, the group C implants placed in the distal tibia at 3
days had to be excluded from the analysis due to only
one measurement (Table 3). The remaining numbers of

observations were insufficient to assume normally dis-
tributed data, and perform statistical analyses; however,
the bone is in close contact with the implants for all
groups (Figure 7) and there is a trend that the BIC is
increased for the test implants compared to control
implants (Table 3).

DISCUSSION

The present study investigated how insertion torque and
RTQ after 3 and 13 days of implantation time are
affected by two different magnitudes of static strain. In
this study, implants in group A create an initial static
strain of 0.045, which is beyond the ultimate strain
(~0.02) of cortical bone and group B creates an initial
static strain of 0.015 which is between the yield strain
(~0.007) of cortical bone and ultimate strain (~0.02) of
cortical bone.””™™ The results obtained in this study
indicate that the implantation site seems to have an

TABLE 2 Results from RTQ Measurement

Removal Torque (RTQ)

S ERe Test Control

Time (Days) Site # Samples Group Mean Torque Nmm (SD) Group Mean Torque Nmm (SD) p-Value t-Test
3 Tibia Prox 8 A 272 (104) C 67 (39) .008
3 Tibia Dist 8 B 366 (86) C 53 (8) <.0001

13 Tibia Prox 7 A 318 (66) C 144 (77) .005

13 Tibia Dist 7 B 278 (31) C 94 (20) <.0001

Due to the increased condensation, the RTQ for test implants were significantly higher compared to the control implants with no condensation.
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TABLE 3 Results from Histologic Analysis

Histology
. Test Control

Implantation

Time (Days) Site Group BIC (um) # Samples Group BIC (um) # Samples
Tibia Prox A 420 4 C 366 3
Tibia Dist B 443 4 C - 1

13 Tibia Prox A 560 4 C 429 3

13 Tibia Dist B 436 4 C 284 4

The BIC for test implants seems higher compared to the control implants with no condensation.

impact on the installation torque (Figure2). The
observed differences in ITQ between the sites may be
caused by site-specific properties. As expected, the devel-
opment of the ITQ during the first 5-7 seconds was
similar for the test and control implants at the two sur-
gical sites which indicate no differences between the left
and right leg (Figure 2). The present study investigated
how the RTQ after 3 and 13 days of implantation in a
rabbit model is affected by different static strains. Our
previous study investigated how the RTQ is affected by
the same induced strains after 24 days in rabbits.®* Com-
bining the RTQ data from the current study after 3, 13
days of implantation time with the data from the previ-
ous study after 24 days of implantation time,® the change
of RTQ over time can be studied (Figure 5 and Figure 6).
After 3 and 13 days of implantation, the RTQ for the test
implants in this study was significantly higher than for
the corresponding controls. This indicates that the press
fit is maintained during the observed period. Similar

findings were obtained after 24 days implantation.
Group A exhibited no significant change over time,
while group B had a significant decrease in RTQ over
time. Group C, distal placement, had a significant
increase in RTQ over time. There may be several expla-
nations to these findings, but it may be suggested that:
The change in RTQ values over time reflects the changes
in prestress caused by two major components: 1) vis-
coelastic stress relaxation of the bone, and 2) biological
activities such as 2a) modeling of bone at the implant
bone interface (reducing bone) and 2b) remodeling by
which prestressed bone is replaced by non-prestressed
new bone. In an earlier study, in which Perren and col-
leagues' investigated how bone reacts to compression of
an osteotomized site, it was found that the pressure
dropped more rapidly during the first two weeks after
which the pressure decreased linearly over time. It
was stated that a resorption of only 10-20 um at
the osteotomy would have resulted in a completely
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Figure 5 Change in RTQ over time with 1 STD limit. Group A implants (Tibia Prox) induce high static strain in the bone, group B
implants (Tibia Dist) induce moderate static strain, and group C implants (Tibia Prox/Dist) induce no static strain. The 3 and 13
days data are from the present study and the 24 days data are from Halldin and colleagues.®
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Figure 6 Statistical analysis of the changes in RTQ over time with corresponding p value. Group A implants (Tibia Proximal) induce
high static strain in the bone. Group B implants (Tibia Distal) induce moderate static strain while group C implants (Tibia Proximal/
Distal) induce no static strain. There is no change in RTQ over time for group A but a statistically significant decrease in RTQ over
time for group B. Group C Dist had an statistically significant increase in removal torque over time. Group C Prox cannot be
assumed to be normal distributed, but there is a tendency of increased RTO over time. The error bar represent + one standard
deviation. Asterisks represent significant difference. 3 and 13 days data are from the present study and 24 days data are from Halldin

and colleagues.®

eliminated pressure. They suggested that viscoelastic
stress relaxation was the predominant factor responsible
for the decrease in prestress during the first two weeks,
after which the reduction in prestress mainly was due to
bone remodeling where prestressed bone is slowly
replaced by non-prestressed bone.

For the group A implants, there was no statistically
significant change in RTQ over time. Implants in group
A produced a static strain far beyond the ultimate strain
of cortical bone which may create microcracks in the
bone (Figure 7). Zioupos and colleagues® analyzed the
microdamage with different loading rates in a human
femur and found that microcraking increases with
strains beyond the yield strain, and it is assumed to be
similar in rabbit bone. It may be speculated that the
appearance of microcracks reduces the degree of strain,
and therefore diminishes the effect of viscoelastic stress
relaxation on RTQ. Other studies have suggested
that microcracks or microdamage provoke bone
remodeling.”’*’ The absence of statistically significant

decrease in RTQ for group A implants between 3 and 13
days and 13 and 24 days may be a result of early bone
formation in combination with diminished viscoelastic
stress relaxation due to microcracks or microdamage.
For the group B implants, inducing a static strain below
the ultimate strain, there was a significant decrease in
RTQ over time (Figure 6). Between 3 and 13 days for the
group B implants, it is suggested that the predominant
factor in the reduction of the prestress is viscoelastic
stress relaxation. The results are similar to those of
earlier studies'®” (Figure 6). Cortical bone remodels
in a sequence of Activation-Resorption-Formation
(A-R-F) by Basic Mulitcelluar Units (BMU).**** BMU
remodels bone at a rate of 20-40 um/day and are

313 Garetto and col-

approximately 0.2 mm wide.
leagues™ found that bone adjacent to implants had high
remodeling rate. The total turnover rate of bone remod-
eling is dependent on the number of active BMUs. Slaets
and colleagues™ studied the early cellular responses in

cortical bone adjacent to an implant with undefined
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Figure 7 Histological images of test implants (group A and B)
and control implants (group C proximal placement) after 3 days
of implantation times. The bone is in close contact with the
implants for all groups, but there is a tendency that the BIC is
increased for the test implants (group A and B) regardless of
implantation time compared to the control implants (group C).
Cracks are visible for some of the sections in group A (red
arrows) which induces high static bone strain. For group B,
cracks were more difficult to detect.

press fit. It was found that the number of basic multi-
cellular units were unchanged during the first 2 weeks,
and then increased to be maintained on an elevated level
4-6 weeks after implant insertion. The delayed increase
in the number of BMUs observed in Slaets and col-
leagues study may be interpreted as a lag time required
for the BMU to be activated before remodeling is
initiated. Roberts and colleagues™ suggested that the
activation time for rabbit cortical bone remodeling is
approximately 0.5 weeks, which is less than what Slaets
and colleagues® observed. In a study by Perren and col-
leagues,"” approximately 7-12 days after initiated com-
pression in sheep tibia, the pressure decreased linearly
with time, which coincides with the elevated BMU activ-
ity in the study by Slaets and colleagues.”” The linear
reduction in pressure observed by Perren and col-
leagues' may be interpreted as once the BMUs are
activated, the number of BMUs is constant until the
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prestressed bone has been replaced by non-prestressed
bone. During bone modeling, formation and resorption
occur independently of each other in contradiction to
remodeling.”® Bone formation at the bone-implant
interface enhances the stability of the implant, and bone
resorption at the bone-implant interface reduces the sta-
bility. Little is known about resorption rate of the bone
at the bone-implant interface. Schulte and colleagues®
measured the resorption rate using a newly developed
computed tomography (CT) technique and found that
for an unloaded mouse vertebra, the resorption rate was
0.15 wm/day. Martin and Buckland-Wright®® developed
a mathematical model and compared it to in vitro data
to simulate the resorption depth and found that 3 days
was required to resorb 22 um of bone (~7.3 um/day).
Shimizu and colleagues™ found that rabbit osteoclasts
resorbed bone to a pit depth of 12.4 um in mice after 60
hours (~5um/day) and in devitalized bone to a pit
depth of 4.3 um. The total resorption rate depends on
the number of active osteoclasts and the rate of resorp-
tion of the individual osteoclast at the interface. In the
current study;, it is difficult to determine the number of
osteoclasts at the bone-implant interface. However, it
would require a large amount of osteoclasts to rapidly
eliminate the complete press fit induced by group B
implants (25 wm). Furthermore, there was a tendency of
increased BIC for the test implants (groups A and B)
compared to control implants (group C), indicating that
higher condensation may not affect the bone resorption
initially. Although not measurable from the sections, it
may be speculated that only a few osteoclasts are present
at the bone-implant surface and thus initially having a
marginal affect on the RTQ. Similar findings were
observed in the study by Perren and colleagues.'’ In the
beginning, new bone consists of unmineralized osteoid
which has a low mechanical strength and stiffness.* This
bone gives a limited contribution to the RTQ value.
During the osseointegration process, the newly formed
bone increased in strength due to mineralization and
due to remodeling from woven bone to lamellar bone
which should lead to higher RTQ value. In the present
study, the RTQ value for the control implants increases
due to this process. The test implant in group B exhib-
ited a decrease in RTQ over time. An explanation for this
might be that in this case, the decrease in RTQ value
caused by stress relaxation and possible bone resorption
overrides the effect of osseointegration. In the present
study, the decrease in RTQ may be explained as a
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combined effect of bone stress relaxation, bone resorp-
tion, and bone remodeling. Directly after the implant is
placed, the predominant factor in the reduction in RTQ
is probably viscoelastic stress relaxation. Since revascu-
larization of a condensed bone takes some time, resorp-
tion and remodeling require additional time to affect
the RTQ.

CONCLUSIONS

This study indicates that increased static bone strains do
not effect an extensive bone resorption but in addition
to providing increased installation torque also provides
an increased RTQ at 3 and 13 days after implant instal-
lation. The implant stability generated with moderate
strain decreases over time and the implant stability gen-
erated with excessive strain is maintained over time.
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