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Implant Stability Quotient (1SQ) vs direct in vitro

measurement of primary stability (micromotion):

effect of bone density and insertion torque

Paolo Trisi PhD¥%Teocrito Carlesi DDS?,
Marco ColagiovanniDDS?, Giorgio Perfetti MD, DDS?

Objectives: Measuring peak insertion torque in relation to different bone densi-
ties, the present study seeks to determine whether micromotion at the bone-
implant interface is related to the ISQ values.

Materials and methods: A total of 30 Tixos Implants (Leader SRL, Cinisello B.,
Milan, Italy} were used. Implants were placed in fresh bovine bone samples rep-
resenting three density categories: hard, normal and soft (H-N-S}. Customized
electronic equipment connected to a PC was used to register the peak and inser-
tion torque data. A loading device, consisting of a digital force gauge and a digital
micrometer was used to measure the micromovements of the implant during the
application of 25 N lateral forces. Resonance Frequency Analysis was calculated
using the “Osstell 1ISQ”, the latest version of the Osstell instruments, and the val-
ues were recorded in ISQ units. The data were analyzed for statistical significance
by Spearman’s rank correlation coefficient tests.

Results: Correlation coefficient showed a high dependency between the observed
micromovement and I1SQ values (p=-0.72 r’=0.52 P=< 0.0001). This correlation
was found in all the types of bone, in the Hard bone p=-0.89 r’=0.80 P=0.0002, in
the Normal bone p=-0.91 r*=0.82 P=0.0007 and in the Soft bone p=-0.73 r’=0.53
P=0.016 where the correlation was less powerful. The statistical analysis showed
significant correlation between I1SQ and torque-in (p=0.38 r’=0.14 P=0.0394) and
between Torque-in values and micromotion (p=-0.49 r’=0.24 P=< 0.0059).
Conclusions: Results showed a high dependence between the observed micro-
motion and the 1SQ values, indicating that micromotion decreased with increas-
ing 1SQ values. Contrarily, increasing the peak insertion torque increased the ISQ
values.
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INTRODUCTION

Over the past few decades, implant
rehabilitation has attracted increas-
ing attention in dentistry as a result of
improved success rates reported in the
literature. More recently, the possibil-
ity of immediate functional loading of
implants has been explored with par-
ticular success for the anterior mandi-
ble and with lesser success for the up-
per jaw and posterior mandible®. The
cause of failure in these cases has not
been attributed to immediate loading
itself, but rather to the micromotion at
the interface induced by the immedi-
ate loading, which, in turn, could ulti-
mately be responsible for the failure of
osseointegration of immediately load-
ed implants®. These same mechanisms
are thought to be responsible for the
failures of fracture healing according to
the strain theory®.

Implant stability depends on the direct
mechanical connection between its sur-
face and the surrounding bone and can
be divided into primary and secondary
stability. Classically, the clinical param-
eter relative to micromotion is ‘primary
stability, which has been defined as “a
sufficiently strong initial bone—implant
fixation”4. Primary stability is achieved
when the implant is positioned into
the host bone site such that it is well
seated. The success of this adaptation,
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Figure 1. Implant with a mount-transfer
used for the micromotion analysis.

Figure 2. Digital torque wrench.

however, depends on several factors,
including the density and dimension
of the host bone, the implant geom-
etry and the surgical technique used.
Secondary stability is attained when
new bone forms at the implant inter-
face. Given the importance of implant
stability, it appears obvious that every
implantologist’s normal instrumenta-
tion should include a tool to measure
the stability of the implant.

Recently, new methods were devel-
oped to non-destructively measure the
implant stability, there are literature re-
ports on percussion tests, radiographs
(BMD), cutting resistance, torque-in,
impact hammer method (Periotest)
and even resonance frequency analy-
sis (RFA).> Among these, the RFA is the
most used in experimental studies, as
well as in clinical practice, but many as-
pects still need to be clarified.
Resonance Frequency Analysis devel-
oped by Meredith et al. ® uses specified
resonance characteristics of acoustical-
ly excited implants and utilises a small
L-shaped transducer which is screwed
onto an implant fixture or abutment.
The transducer comprises 2 piezocer-
amic elements, one of which vibrates
by a sinusoidal signal (5 to 15 kHz).
The other serves as a receptor for the
signal. Resonance peaks from the re-
ceived signal indicate the first flexural
(bending) resonance frequency of the
measured object. The specific value
that indicates the implant stability of a
given situation is called the resonance
frequency.®’ In vitro and in vivo stud-
ies have suggested that this resonance
peak may be used to assess implant
stability in a quantitative manner.®®

In the first European Osseointegration

Association Consensus Conference
held in 2006 °, some authors sustained
that a single measure using RFA does
not define the characteristics of the
bone-implant interface and does not
offer any reliable quantitative evalua-
tion of the degree of osseointegration.
Not only that, but the RFA would not
have any prognostic validity on the
development of the instability. These
authors assert that the validity and reli-
ability of RFA, from a clinical point of
view, still remain to be demonstrated,
for every implant system, such as the
ISQ values which indicate the stability
or the risk of loss of stability of the pre-
cise implant system.

Research evidences suggest that ele-
vated values of ISQ in a specificimplant
indicates that the implant is stable, and
if ISQ values remain high the stability
is maintained; while low values of 1SQ,
or a lowering of the values with time
would indicate risk of instability of
the implant.’* However, there are still
many aspects that need clarification.
Although these instruments are widely
used and appear in the scientific litera-
ture, the ISQ values were never directly
compared to implant micromotion.*?

In the present study, the micromove-
ment of implants inserted in freshly
slaughtered bovine bone samples of
different densities was measured using
a previously published experimental
model** and compared to the 1SQ val-
ues to evaluate its statistical relation-
ship.
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Figure 3. Osstell ISQ Instrument.

MATERIALS AND METHODS

The test was performed on 2cm X 2cm
samples of fresh humid bovine bone
representative of the following qual-
ity categories: Hard, Normal and Soft
(H-N-S). The bone qualities were se-
lected according to (1) drilling resist-
ance® and (2) a preliminary histologi-
cal analysis of the bone structure. Hard
bone is dense with a completely com-
pact structure. Normal bone is average
hard bone with a 2-3mm cortical layer
and a normal cancellous structure in-
side. Soft bone has low drilling resist-
ance and a 1mm cortical layer with a
low-density cancellous structure. Tixos
implants (Leader SRL, Cinisello B.mo,
Milan, ltaly) 3.3mm in diameter and
11.5 mm in length were specifically uti-
lized for this study. Each implant was
fitted with a mount-transfer of 11mm
in length to allow for the application
of the lateral load. (Fig.1) The implants
were placed according to the manu-
facturer’s instructions using the ap-
propriate burs. A customized digitally

@

i

Figure. 4. Schematic drawing of the micromotion-testing tool. The bone specimen is located

in the middle with the implant in place. On the right side, the digital force gauge is powered

on the implant long abutment, and on the left side, the micrometer reveals the movement

of the implant.

controlled hand wrench was used to
measure the peak insertion torque. In
addition, electronic equipment consist-
ing of a digital handoperated torque
wrench (Fig.2), equipped with a cali-
brated strain gauge and connected to
a PC reading the peak insertion torque
value every 0.5 ms, was customized for
this study. To obtain the peak insertion
torque, the signal was subsequently
evaluated by the MECODAREC soft-
ware (ATech s.r.l., Bergamo, ltaly). After
implant placement, the smart peg type
32 was screwed onto the implant (Inte-
gration Diagnostics AB, Goteborg, Swe-
den) and ISQ was measured using the
new “Osstell ISQ” device. (Fig. 3)

After 1SQ was measured, the bone
blocks were fixed on a customized
loading device for evaluation of micro-
movement (Fig. 4). This device consists
of a digital force gauge [Akku Force
Cadet (range of 0—90N and accuracy
of 0.5%), Ametek, Largo, FL, USA] and,
on the opposite side, a digital microm-
eter (Mitutoyo Digimatic Micrometer,

Kawasaki, Japan) that detects the mi-
cromovements of the implant under
lateral load application, as previously
published . Horizontal forces of 25 N/
mm were tested on each implant, and
the lateral movement of the mounting-
device was measured by the digital
micrometer 10 mm above the crest.
On each implant, the load application
was repeated five times for 2 s, simu-
lating the occlusal load in a patient’s
mouth. The average value of these five
measurements was calculated for each
implant. A total of 30 implants were
tested in groups of 10 implants, in each
bone quality including hard, normal
and soft as defined above. The linear
Pearson coefficient of correlation (p)
was applied to test the relationship be-
tween the micromotion vs. I1SQ values
and between the torque-in vs. micro-
motion.

To the normality test which evaluates
the deviation from the Gaussian distri-
bution, was applied the D’Agostino and
Pearson test. The one-way non-para-
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N° Sample | Torque In (N Cm) [ 1SQ (V-D) Microm (um)
Bone typeH |H1 150 68 130

H2 120 75 56

H3 113 77,5 44

H4 58 77,5 42

HS 46 77,5 67

H6 110 78 39

H7 137 72 70

H8 100 73,5 58

H9 50 70 88

H10 89 76,5 47

H11 128 75 55
Mean = SD 100.09 + 35.53 74.59 + 3.37 | 63.27 £ 26.36

Table 1. The values of Torque-in (N cm), values of RFA (I1SQ) and micromotion (um) of
implants loaded with 25N lateral force for each implant at the time of the placement in
relation to the Hard bone.

N° Sample | Torque In (NCm) | 1SQ(V-D) Microm (pm )
Bone type N [ M1 50 72 120

M2 64 73 100

M3 10 67,5 384

M4 20 69 250

M5 140 76 77

M6 113 76,5 88

M7 76 73,5 100

M8 125 76 83

M9 68 75,5 92
Mean £ SD 74.00 £ 45.00 73.22 £3.23 | 143.77 £ 104.48

Table 2. The values of Torque-in (N cm), values of RFA (I1SQ) and micromotion (um) of
implants loaded with 25N lateral force for each implant at the time of the placement in
relation to the Normal bone.

N° Sample | Torque In (N Cm) I1SQ (V-D) Microm (pm )
Bone typeS | S1 36 68,5 130

S2 62 74 49

S3 47 73,5 60

sS4 46 73 80

S5 27 71 148

S6 32 71,5 146

S7 40 73 95

S8 46 74 83

S9 38 74,5 96

S10 46 75 80
Mean £ SD 42.00+£9.74 72.8+1.96 96.70 £ 34.22

Table 3. The values of Torque-in (N cm), values of RFA (I1SQ) and micromotion (um) of
implants loaded with 25N lateral force for each implant at the time of the placement in
relation to the soft bone.

metric Kruskal-Wallis test was used to
verify if there were difference in the
mean of the different bone densities
groups, in term of ISQ values, torque-
in values and micromotion and the
Dunn’s Multiple Comparison Test was
used to verify the different between
each group.

RESULTS

11 implants were placed in the group
of Hard bone, 9 implants in Normal
bone and 10 implants in Soft bone. All
data are reported in Tables 1-2-3. The
D’Agostino and Pearson normality test
showed the data were normally distrib-
uted. The linear Pearson Coefficient of
correlation between all micromotion
data and the relative ISQ values was
p=-0.72 and r?=0.52, with a P=< 0.0001,
statistically highly (Fig.
5). When the correlation was plotted

significant.

for each different type of bone, again
these variables were significantly cor-
related.

The correlation in Hard bone between
micromotion and I1SQ was highly sig-
nificant (p=-0.89, r’=0.80, P=0.0002)
(Fig. 6).
tion was highly significant too (p=-0.91,
r*=0.82, P=0.0007) (Fig. 7), as well as in
Soft bone (p=-0.73, r*=0.53, P=0.016)
(Fig.8).

Looking at the data, it was possible to
note that the distribution in the Soft
bone group was more scattered with

In Normal bone the correla-

more outliers, while in the Medium
and Hard bone the data distribution
was more linear with few outliers.

When correlating the insertion torque
to the ISQ values, the linear Pearson
Coefficient of correlation showed a
less strong correlation (p=0.38, r’=0.14,
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1SQ vs. Micromotion

Figure 5. Regression analysis and Spearman’s rank correlation
coefficient shows a correlation between the micromotion values
and the 1SQ values indicating that micromotion decreased with
increasing ISQ values The linear Pearson Coefficient of correlation
(p) and (r?) values for the all values of Torque-In and ISQ was p=-0.72
r*=0.52 P=< 0.0001

Micromotion vs, I15Q in Normal Bone

Micromation [microns)

A= 08236

Figure 7. In the Hard bone, regression analysis and Spearman’s rank
correlation coefficient shows a high dependence between all values
of the micromotion and the 1SQ values, indicating that micromotion
decreased with increasing I1ISQ values p=-0.91 r’=0.82 P=0.0007; the
variables are correlated and test is statistically significant.

Micromotion vs. 15Q in Hard Bone
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Figure 6. In the Hard bone, regression analysis and Spearman’s rank
correlation coefficient shows a high dependence between all values
of the micromotion and the ISQ values, indicating that micromotion
decreased with increasing ISQ values p=-0.89 r’=0.80 P=0.0002; the
variables are correlated and test is statistically significant.

Micromotion vs. 15Q in Soft Bone

R?=0,5322

Micromotion (microns)

Figure 8. In the soft bone, regression analysis and Spearman’s rank
correlation coefficient shows a high dependence between all values
of the micromotion and the I1SQ values, indicating that micromotion
decreased with increasing 1SQ values p=-0.73 r’=0.53 P=0.016; the
variables are correlated and test is statistically significant.

Volume 1 - Number 3-2010



146 TrisiP. et al.

Torque-in vs. ISQ
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Figure 9. Regression analysis and Spearman’s rank correlation
coefficient showed a correlation between the torque-in values and
the I1SQ values indicating that torque-in increases with increasing
ISQ values. The linear Pearson Coefficient of correlation (p) and (r?)
values for all the values of Torque-ln and I1SQ was p=0.38 r’=0.14

Torque In vs. Micromotion
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Figure 10. Regression analysis and Spearman’s rank correlation
coefficient showed a high dependence betweenthe torque-invalues
and the micromotion values indicating that torque-in increases with
decreasing micromotion values. The linear Pearson Coefficient of
correlation (p) and (r?) values for all the values of Torque-In and

P=0.0394.

P=0.0394), even if it was statistically
significant (Fig.9). When correlating
the insertion torque to the micromo-
tion, the linear Pearson Coefficient of
correlation showed also a good corre-
lation (p= -0.49, r*=0.24, P=< 0.0059)
(Fig.10).

The Anova test demonstrated that the
ISQ data from the different bone den-
sity groups were not statistically signifi-
cant (fig.11), but the micromotion and
torque-in values between the differ-
ent groups were statistically different
(p<0.001).

DISCUSSION

It was suggested that the success of
immediate loading on implants is not
related to either immediate or delayed
loading®>?®, but a critical micromotion
threshold could be responsible for the
peri-implant bone loss. For thisreason,
recently, primary stability has gained

micromotion (Test-3) was p= -0.49 r’=0.24 P=< 0.0059.

more and more interest in the scientific
and clinical world of dental implantol-
ogy. Primary stability is nothing more
than the absence of micromotion im-
mediately after implant placement.
Unfortunately, nowadays there is no
instrument which can directly meas-
ure the amount of micromotion in the
mouth of the patients.

The RFA (resonance frequency analy-
sis) is not a direct measure of the pri-
mary stability, but it measures the stiff-
ness of the structure connected to the
instrument. Despite the fact that RFA is
today the most used method to meas-
ure primary stability in experimental
studies, as well as in clinical practice, it
has never been tested in direct relation
to micromotion. To our knowledge the
present study is the first that compares
the 1SQ value to the implant micromo-
tion, which is the only direct measure-
ment of the primary stability.

The results of the present study indi-
cate that the ISQ value is related to the
amount of implant micromotion with a
statistically significant correlation.
When combining the samples from all
the bone density groups together, the
r> measured 0.52, meaning that 52%
of the variance in the I1SQ values could
be explained by variations in the micro-
motion.

When the same analysis was plotted
for the Hard and Normal Bone groups
separately, this r?> value raised up to
80% (H group r>=0.80 and in N group
r’= 0.82), while in the Soft bone group
this chance was much lower (53%,
r’=0.53). This means that the “Osstell
ISQ” is more suitable for analyzing the
primary stability in Hard and Medium
bone than in Soft bone. In addition,
when comparing ISQ from the different
groups of bone density, the average
values were not statistically different,
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while the mean values of micromotion
and insertion torque were statistically
different between these groups. Look-
ing at figure 5 it is possible to observe
how, in many cases, the same 1SQ val-
ues correspond to different amount of
micromotion (Fig. 5).

One possible explanation of these re-
sults, is the fact that when loading an
implant which is not integrated, as in
the present case, it is possible that in
our model, there is not only a shift be-
tween the implant and the bone itself,
but also an elastic movement of the
bone itself. This elasticity is different
between different bone density and
this could explain the different sensi-
tivity of the ISQ between the different
bone densities.

Another option could be the hypoth-
esis that the RFA is more sensitive to
the amount of cortical bone anchorage
than of the trabecular bone, as sug-
gested by other studies.’-*

Ina study by Trisi et al. a correlation was
found between the values of I1SQ and
the number of threads in contact with
the compact bone, both on the crest
and along the whole bone-implant
interface; in some samples compact
bone was found on the apex or along
the lateral surface.” Similar results
were found in a experimental study in
cadaver jaws®® in which the histomor-
phometric analysis was performed at
the time of implant placement. The au-
thors found that the BMD values, TBPf
(trabecular bone pattern factor), BV/TV
(density of trabecular bone) were not
related to 1SQ; while the BIC measured
on the lingual aspect of the implants
was positively correlated with 1SQ val-
ues, and the correlation increased only
when implants were in contact with

Mean Values of 1SQ

™ H Bone
= N Bone

= S Bone

Bone Density Group

Figure 11. The Anova test demonstrated that the 1ISQ data from the different bone density
groups were not statistically significant (fig.11), but the micromotion and torque-in values
between the different groups were statistically different (p<0.001)

the cortical bone. A similar positive
correlation (the height of the cortical
passage implants vs 1SQ) was found by
Miyamoto et al.?*, who measured digit-
ally (Computed Tomography) the thick-
ness of the cortical bone at the implant
sites (mesial and distal). In another
human study a micro-CT was used for
measurements of the BVD (bone vol-
ume density) and BCT (bone trabecular
connectivity) of the implant site before
the insertion of the implant, no signifi-
cant correlation was found with values
of ISQ.%

The results of the present study sup-
port the hypotheses that RFA is more
sensitive to the rigidity of the bone-
implant complex within the compact
bone than in cancellous bone.
Measuring the primary stability of an
implant being subject to immediate
load is of utmost important since it has
been shown that micromotion in the

healing phase may be detrimental to
the interfacial bone.

In the past, it was generally agreed that
implant interface failure was a con-
sequence of bone resorption due to
excessive load.® In contrast to this hy-
pothesis, a series of experiments have
been conducted where both the dis-
placement and the load were control-
led, and it was clear that the resorption
was induced by instability, even when
only small loads were applied.>*??
These experiments showed that, in cor-
tical bone, a displacement of only a few
micrometers at the bone interface can
induce resorption of the bone surface.
This resorption process increases the
distance between the mobile surfaces,
thus placing deformation or ‘strain’ on
regenerating tissues.>?? The basic work-
ing hypothesis of this ‘strain’ theory® is
that, when bone segments are tightly
compressed, leaving only a small gap
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between them, then almost no move-
ment should be allowed at their inter-
face. Otherwise, even movements in
the micrometer range could induce a
stretch, or a strain, that could destroy
the new cells and vessels forming in
the gap. In such a case, osteoclasts en-
ter the gap and begin to reabsorb bone
in order to increase the space over the
critical threshold of strain of the regen-
erated tissue.

A similar mechanism can be hypoth-
esized to be involved in the failure of
immediately loaded implants. Previous
animal studies reported a micromotion
above the range fo 50-100 microm-
eters could induce bone resorption at
the interface, thus producing fibrosis
and ultimately failures of immediately
loaded endosseous implants. 162324
Human studies assert a correlation
between the values of RFA (1SQ) meas-
ured at the time of implant placement
and the values of insertion torque®?’.
In other studies, this correlation was
confirmed for Hounsfield values of the
implant site calculated using TC%*%°,
Currently, 2 RFA machines are in clini-
cal use: the Osstell™ device (Inte-
AB, Goteborg,
Sweden) and Implomates (Bio Tech

gration Diagnostics
One,Taipei,Taiwan). Osstell combines
the transducer, computerized analy-
sis and the excitation source into one
machine closely resembling the model
used by Meredith. In the early studies,
the Hertz signal was used as a meas-
urement unit. ¢°°° Later, Osstell created
the implant stability quotient (ISQ) as
a measurement unit in place of Hertz.
Resonance frequency values ranging
from 3500 to 8500 Hz are translated
into an 1SQ of 0 to 100, where a high

value indicates greater stability, where-
as a low value implies instability. The
manufacturer’s guidelines suggest that
a successful implant typically has an
ISQ greater than 65. An I1SQ < 50 may
indicate potential failure or increased
risk of failure.®

Only very wide ranges are hypoth-
esized since there are many variables
that come into play. Literature data
help identify the numerous factors
that can influence such measurements,
as for example, the characteristics of
the bone tissue (density and quality),
mono and bicortical anchoring of the
implant,* the inclination of the trans-
ducer,® the effective length of the im-
plant above the bone crest, the diame-
ter of the implant, the micro and macro
geometry of the implant 3.

Theresults of the present study showed
that the 1SQ values is statistically relat-
ed to the micromotion and to the inser-
tion torque values, indicating that 1SQ
increases with decreasing micromotion
values and with increasing torque-in
values. There are, however, literature
reports that demonstrate a lack of cor-
relation between the Torque-In test
and ISQ values measured at implant in-
sertion on cadavers'®*>in humans?’363
and in dogs®. In the first study?” the
cutting-torque at the crest (first third
of implant insertion) was related to the
ISQ, while the overall insertion torque
values was not related to the ISQ.

The peak insertion torque measures
the maximum torque of insertion ob-
tained during implant placement until
it is totally lodged in its site. Such a
procedure may be influenced by the
preparation of host bone sites, the
bone density and the type of implant

(self-tapping or not, cone-shaped or cy-
lindrical, surface roughness). Trisi et al.
found that high insertion torque values
correspond to a high degree of primary
stability of an implant, and increasing
the peak insertion torque reduces the
level of implant micromotion.®® In ad-
dition, micromotion in soft bone was
found to be consistently high and in the
soft bone it was not possible to achieve
more than 35 N/cm of peak insertion
torque, when placing standard cylindri-
cal screw type implants with a blasted
surface. As well, in the present study
the correlation between torque-in
values and the implant micromobility
values was also demonstrated, but as
opposed to the Trisi et al. study®® it was
possible to attain peak insertion torque
values in soft bone, up to 62 Ncm. This
could be explained by the fact that the
implant surface used in the present
study is a laser-microfused titanium
powder one with a much higher sur-
face roughness able to increase the
grip during implant insertion.

It was also shown that insertion torque
values are correlated to bone mineral
density (BMD) of the receiving bone
site, obtained by measuring TC or mi-
cro TC***1, or by the sensitivity of the
operator during the preparation of
the surgical site™. Such measurements
have therefore been considered valid
instruments for the determination of
the quality of the implant site, and can
foresee good primary stability of the
implant.

It must be pointed out that in the
present study the I1SQ was measured
using the latest version of the machine,
i.e. the new “Ostell ISQ” instrument,
which is claimed to be less sensitive to
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electromagnetic noise. This fact should
be considered when evaluating the re-
sults of the present study in compari-
son to previously published papers.

In conclusion, the present study shows
an inverse correlation between the ISQ
and micromotion, demonstrating that
it is able to understand if an implant is
more stable than another. Neverthe-
less similar values of 1SQ were found
for quite different micromotions and
for this reason the I1SQ value cannot be
taken as an absolute substitute of the
micromobility of an implant.

It must be underlined that the present
is an in vitro study and the results can-
not be directly transferred to clinical
applications. Specific clinical follow-up
studies are necessary to confirm the
hypotheses that a certain amount of
micromotion could be responsible for
implant failures under immediate load-
ing conditions.

ACKNOWLEDGEMENTS:

The authors wish to thank Novaxa
Leader ltalia for providing the implants
used in this study, and Osstell AB for
providing the Ostell ISQ. The study was
funded by the Biomaterial Clinical Re-
search Association (Bio.C.R.A.).

Volume 1 - Number 3-2010



150 Trisi P. et al.

REFERENCE

1. Del Fabbro M, Testori T, Francetti L, Tas-
chieri S, Weinstein R. Systematic review of
survival rates for immediately loaded den-
tal implants. Int J Periodontics Restorative
Dent 2006;26:249-263.

2. Szmukler-Moncler S, Salama H,
Reingewirtz Y, Dubruille JH. Timing of load-
ing and effect of micromotion on bone-
dental implant interface: a review of ex-
perimental literature. ) Biomed Mater Res

1998;43:192-203.

3. Perren SM. Evolution of the internal fixa-
tion of long bone fractures. The scientific
basis of biological internal fixation: choos-
ing a new balance between stability and
biology. J Bone Joint Surg Br 2002;84:1093—
1110.

4. Roberts WE. Bone dynamics of osseointe-
gration, ankylosis, and tooth movement. J
Indiana Dent Assoc 1999;78:24-32.

5. Atsumi M, Park SH, Wang HL. Meth-
ods used to assess implant stability: cur-
rent status. Int J Oral Maxillofac Implants
2007;22:743-754.

6. Meredith N, Alleyne D, Cawley P. Quanti-
tative determination of the stability of the
implant-tissue interface using resonance
frequency analysis. Clin Oral Implants Res
1996;7:261-267.

7. Glauser R, Meredith N. Diagnostic
possibility for the evaluation of the im-
plant stability (in German). Implantologie
2001;9:147-159.

8. Meredith N, Book K, Friberg B, Jemt T,
Sennerby L. Resonance frequency meas-
urements of implant stability in vivo. A
cross-sectional and longitudinal study of
resonance frequency measurements on
implants in the edentulous and partially
dentate maxilla. Clin Oral

1997,8:226-233.

Implant Res

9. Meredith N, Shagaldi F, Alleyne D, Sen-
nerby L, Cawley P. The application of reso-
nance frequency measurements to study
the stability of titanium implants during

healing in the rabbit tibia. Clin Oral Implant
Res 1997;8:234-243.

10. Aparicio C, Lang NP, Rangert B. Validity
and clinical significance of biomechanical
testing of implant/bone interface. Clin Oral
Impl Res 2006;17 (supp.):2-7.

11. Glauser R, Sennerby L, Meredith N, Rée
A, Lundgren AK, Gottlow J, Himmerle CH.
Resonance frequency analysis of implants
subjected to immediate or early functional
occlusal loading. Successful vs. failing im-
plants. Clin Oral Impl Res 2004;15:428-434.

12. Engelke W, Decco OA, Rau MJ, Massoni
MC, Schwarzwaller W. In vitro evaluation of
horizontal implant micromovement in bone
specimen with contact endoscopy. Implant
Dent 2004;13:88-94.

13. Trisi P, Perfetti G, Baldoni E, Berardi D,
Colagiovanni M, Scogha G. Implant micro-
motion is related to peak insertion torque
and bone density. Clin Oral Impl Res. 20,
2009; 467-471.

14. Trisi P, Rao W. Bone classification: clin-
ical-histomorphometric comparison. Clin
Oral Implants Res 1999;10: 1-7.

15. Brunski JB.
biomechanical loading at the bone/dental—
implant interface. Adv Dent Res 1999;13:
99— 119.

In vivo bone response to

16. Szmukler-Moncler S, Piattelli A, Favero
GA, Dubruille JH. Considerations prelimi-
nary to the application of early and imme-
diate loading protocols in dental mplantol-
ogy. Clin Oral Implants Res 2000; 11: 12—-25.

17. Trisi P, Carlesi T, Rocci M, Rocci A. 1SQ
(RFA) vs BIC and torque: a histomorpho-
metric and biomechanical analysis in hu-
mans. J Osteol Biomat 2010; 1:81-91.

18. Nkenke E, Hahn M, Weinzierl K, et al.
Implant stability and histomorphometry: a
correlation study in human cadavers using
stepped cylinder implants. Clin Oral Im-
plants Res 2003 ;14:601-609.

19. Miyamoto |, Tsuboi Y, Wada E, et al. In-
fluence of cortical bone thickness and im-
plant length on implant stability at the time

of surgery-clinical, prospective, biomechan-
ical, and imaging study. Bone 2005;37:776—
780.

20. Huwiler MA, Pjetursson BE, Bosshardt
DD, et al. Resonance frequency analysis in
relation to jawbone characteristics and dur-
ing early healing of implant installation. Clin
Oral Impl Res 2007;18(3):275-280.

21. Ganz R, Perren SM, Ruter A. Mechani-
cal induction of bone resorption. Fortschr
Kiefer Gesichtschir 1975:19: 45-48.

22. Hente R, Lechner J, Fuechtmeier B,
Schlegel U, Perren SM. Der Einfluss einer
zeitlich limitierten kontrollierten Bewegung
auf die Fraktureilung. Hefte Unfallchirurg
2001: 283: 23-24.

23. Soballe K, Brockstedt-Rasmussen H,
Hansen ES, Bunger C. Hydroxyapatite coat-
ing modifies implant membrane formation.
Controlled micromotion studied in dogs.
Acta Orthop Scand 1992: 63: 128-140.

24. Soballe K, Hansen ES, Brockstedt-Ras-
mussen H, Bunger C. Hydroxyapatite coat-
ing converts fibrous tissue to bone around
loaded implants. J Bone Joint Surg Br. 1993:
75:270-278.

25. Turkyilmaz |I. A comparison between
insertion torque and resonance frequency
in the assessment of torque capacity and
primary stability of Branemark system im-
plants. J Oral Rehabil 2006;33:754-759.

26. Alsaadi G, Quirynen M, Michiels K,
Jacobs R, van Steenberghe D. A biomechan-
ical assessment of the relation between the
oral implant stability at insertion and sub-
jective bone quality assessment. J Clin Peri-
odontol 2007;34:359—-366.

27. Friberg B, Sennerby L, Meredith N, Le-
kholm U. A comparison between cutting
torque and resonance frequency measure-
ments of maxillary implants. A 20- months
clinical study. Int J Oral Maxillofac Surg
1999;28:297-303.

28. Turkyilmaz |, Téziim TF, Tumer C, Ozbek
EN. Assessment of correlation between
computerized tomography values of the

Journal of Osteology and Biomaterials



Trisi P.etal. 151

bone, and maximum torque and resonance
frequency values at dental implant place-
ment. J Oral Rehabil 2006;33:881-888.

29. Turkyilmaz |, Tumer C, Ozbek EN, To-
zum TF. Relations between the bone den-
sity values from computerized tomography,
and implant stability parameters: a clinical
study of 230 regular platform implants. J
Clin Periodontol 2007;34:716-722.

30. Meredith N. Assesment of implant
stability as a prognostic determinant. Int J
Prosthodont 1998;11:491-501.

31. Gahleitner A, Monov G. Assessment of
bone quality: techniques, procedures and
limitations. In: Watzek G, editors. Implants
in Qualitatively Compromised Bone, Chi-
cago: Quintessence; 2004:55-66.

32. Pattijn V, Van Lierde C, Van der Perre
G, Naert L, Vander Sloten J. The resonance
frequency and mode shapes of dental im-
plants: rigid body behaviour versus bending
behaviour. A numerical approach. J Bio-
mech 2006;39:939-947.

33. Veltri M, Balleri P, Ferrari M. Influence
of transducer orientation on Osstell sta-
bility measurements of osseointegrated
implants. Clin Implant Dent Relat Res
2007;9:60-4.

34. Atsumi M, Park SH, Wang HL. Meth-
ods used to assess implant stability: cur-
rent status. Int J Oral Maxillofac Implants
2007;22:743-754.

35. Akkocaoglu M, Uysal S, Tekdemir |, Akca
K, Cehreli MC. Implant design and intraos-
seous stability of immediately placed im-
plants: a human cadaver study. Clin Oral
Implants Res 2005;16:202-209.

36. Rabel A, Koéhler SG, Schmidt-West-
hausen AM. Clinical study on the primary
stability of two dental implant systems with
resonance frequency analysis. Clin Oral In-
vest 2007;11:257-265.

37. Cunha HA, Francischone CE, Filho HN,
de Oliveira RC. A comparison between cut-
ting torque and resonance frequency in
the assessment of primary stability and

final torque capacity of standard and TiU-
nite single-tooth implants under immedi-
ate loading. Int J Oral Maxillofac Implants
2004;19:578-85

38. Schliephake H, Sewing A, Aref A. Reso-
nance frequency measurements of implant
stability in the dog mandible: experimental
comparison with histomorphometric data.
Int J Oral Maxillofac Surg 2006;35:941-946.

39. Beer A, Gahleither A, Holm A, Tschab-
itscher M, Homolka P. Correlation of inser-
tiontorques with bone mineral density from
dental quantitative CT in the mandible. Clin
Oral Implants Res 2003;14:616-620.

40. Homolka P, Beer A, Birkfellner W,
Nowotny R, Gahleitner A, Tschabitscher.
M, Bergmann H. Bone mineral density
measurement with dental quantitative CT
prior to dental implant placement in ca-
daver mandibles: pilot study. Radiology
2002;224:247-252.

41. Rebaudi A, Koller B, Laib A, Trisi P. Mi-
crocomputed tomographic analysis of the
peri-implant bone. Int J Periodontics Re-
storative Dent 2004;24:316-325.

Volume 1 - Number 3-2010



