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Implant Stability Quotient (ISQ) 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-
lies, the present study seeks to determine whether micromotion at the bone-
implant interface is related to the 1SQ values.

Materials and methods: A total of 30 Tixos Implants (Leader SRL, Cinisello B.,
Milan, Italy) were used. Implants were placed in fresh hovine 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 1SQ”, the latest version of the Osstell instruments, and the val-
ues were recorded in 15Q 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 1SQ 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-
mation and the 1SQ values, indicating that micromotion decreased with increas-
ing 1SQ values. Contrarily, increasing the peak insertion torque increased the 1SQ
values,

{1 Ostecl Biomat 2010; 1:141-151}
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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 altributed 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 betweenitssur-
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". 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 torgue wrench,
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however, depends on several factors,
including the density and dimension
of the host hone, the implant georn-
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 methad (Periotest)
and even resonance frequency analy-
sis (RFA).” Amang 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
onte 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 resenance
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
hone-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
1SQ 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 15Q in a specific implant
indicates that the implant is stable, and
if 1SQ values remain high the stability
is maintained; while low values of 1SQ,
or a lowering of the values with time
would indicate risk of instahility 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 15Q 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 15Q val-
ues to evaluate its statistical relation-
ship.,
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Figure 3. Osstel! 1SQ Instrument.

MATERIALS AND METHODS

The test was performed on 2em X 2em
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 hone 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, Italy) 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

Figure, 4. Schematic drawing of the micromotion-testing taol. 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, italy). After
implant placement, the smart peg type
32 was screwed onto the implant (Inte-
gration Diagnostics AB, Goteborg, Swe-
den) and I1SQ was measured using the
new “Osstell 1SQ” 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 5, 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, 1SQ 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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BonetypeH [H1 ' 150 68 130
H2 120 75 56
H3 113 77,5 a4
Ha 58 77,5 42
H5 46 77,5 67
H6 110 78 39
H7 , 137 72 70
HE 100 73,5 58
H9 .50 70 88
H10 89 76,5 a7
H11 128 75 55

Mean * $D 100.09 £ 35.53 | 74.59 + 3.37 | 63.27 = 26.36

Table 1. The values of Tarque-in (N cm), values of RFA (1SQ) and micromation {jrm) of
implants loaded with 26N lateral force for cach implant at the time of the placement in
refation to the Hard bone.

Bone type N [ M1 oso |7
M2 64 | 73 00
M3 10 67,5 384
M4 20 69 250
M5 140 76 77
M6 113 76,5 88
M7 76 73,5 100
MBS 125 76 83
Mo 68 75,5 92
Mean + SD 74.00£4500 | 73.22£3.23 | 143.77 + 104.48

Table 2. The values of Targue-in [N cm), values of RFA (1SQ) and micromation (pm) of
implants loaded with 25N lateral force for cach implant at the time of the placement in

refation to the Normal bope

Bone types | 51 S ) 68,5 130
52 62 74 49
S3 47 73,5 60
54 46 73 80
S5 27 71 148
S6 32 71,5 146
S7 40 73 95
58 46 74 83
59 38 74,5 96
S10 46 75 80

Mean = 5D 42.00 +9.74 72.81.96 96.70 = 34.22

Table 3. The values of Torque-in (N cm), values of RFA (1SQ) and micromation (jsm) of
Implants loaded with 25N lateral force for each implant at the time of the placement in

refation to the soft bone,
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metric Kruskal-Wallis test was used to
verify if there were difference in the
mean of the different bone densities
groups, in term of 15Q 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'Agostine and Pearson normality test
showed the data were normally distrib-
uted. The linear Pearson Coefficient of
correlation between all micromotion
data and the relative 15Q values was
p=-0.72 and r'=0.52, with a P=< 0.0001,
statistically highly significant.  (Fig.
5). When the correlation was plotted
for each different type of bone, again
these variables were significantly cor-
related.

The correlation in Hard bone between
micromotion and 1SQ was highly sig-
nificant (p=-0.89, r'=0.80, P=0.0002)
{Fig. 6). In Normal bone the correla-
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
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 IS0 values, the linear Pearson
Coefficient of correlation showed a
less strong correlation (p=0.38, r=0.14,



1SQ vs. Micromotion

Micromotion [ricrons)

Figure 5. Repression analysis and Spearman’s rank correlation
cocfficient shows a correlation between the micromotion values
and the 1SQ values indicating that micromotion decreased with
increasing 1SQ values The linear Pearson Cocfficient of correlation
() and (r') values for the all values of Torque-in and 1SC was p=-0.72
r'=0,52 P=< (,0001

Micromaotion vs, 15Q in Normal Bone
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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 1SQ values p=-0.91 F'=0.82 P=0.0007; the
variables are correlated and test is statistically significant.

Trisi P et al. 145

Micromaotion vs. 1SQ in Hard Bone

Micromation {microns)

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 1SQ values, indicating that micromation
decreased with increasing 15Q values p=-0.89 r'=0.80 P=0.0002; the
variables are correlated and test is statistically significant

Micromotion vs. 1SQ in Soft Bone

Micromotion {microns)

Figure 8. In the soft bone, regression analysis and Spearman’s rank
correlatian coefficient shows a high dependence between all values
of the micremotion and the ISQ 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.
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Figure 9. Regression analysis and Spearman’s rank correlation
coefficient showed a correlation between the torque-in values and
the 1SQ values indicating that torque-in increases with increasing
15Q values. The lincar Pearson Cocfficient of correlation {p) and {r)
values for all the values of Tarque-In and 15Q was p=0.38 r=0.14
P=0.01354.

Torque In vs. Micromotion

ot

Torque-in[Ncm)

R'10,1337

*

100

Micromotion

Figure 10. Regression analysis and Spearman's rank carrelation
coefficient showed a high dependence between the terque-in values
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), even if it was statistically
significant (Fig.9). When correlating
the insertion torgue to the micromo-
tion, the linear Pearson Coefficient of
correlation showed also a pood corre-
lation {p= -0.49, r'=0.24, P=< 0.0059)
{Fig.10).

The Anova test demonstrated that the
ISQ. data frem the different bane 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 sugpested 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 this reason,
recently, primary stability has gained

micromotion (Test-3) was p= -0.49 ¢'=(1.24 P=2 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 te meas-
ure primary stahility in experimental
studies, as well as in clinical practice, it
has never heen tested in direct relation
to micromotion. To our knowledge the
present study is the first that compares
the 15Q 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 1SQ 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 1SQ 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
1SQ" is more suitable for analyzing the
primary stability in Hard and Medium
bone than in Soft bone. In addition,
when comparing 15Q from the different
groups of bone density, the average
values were not statistically different,

lournal of Osteology and Biomaterials
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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 15Q 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-
Lween 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 150 between the different
bone densities.

Anather 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,

Inastudy by Trisi et al. a correlation was
found between the values of 150 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 histomaor-
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 15Q; while the BIC measured
on the lingual aspect of the implants
was positively correlated with 15Q val-
ues, and the correlation increased only
when implants were in contact with

TrisiPetal, 147

Mean Values of 1SQ

' HBone
= N Bone

ESBone

Bone Density Group

Figure 11, The Anova teat demonstrated that the 1SQ data from the different bone density
groups were not statistically significant (fig. 11}, but the micromation 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 15Q) 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 caorrelation was found with values
of 15Q.”"

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
heen 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 hone interface can
induce resarption of the bone surface.
This resorption process increases the
distance hetween 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, 42
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# 7,
Currently, 2 RFA machines are in clini-
cal use: the Osstell™ device (Inte-
pration Diagnostics AB, Goteborg,
Sweden) and Implomates (Bio Tech
One,laipei,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 (15Q) as
a measurement unit in place of Herta.
Resonance frequency values ranging
from 3500 to 8500 Hz are translated
into an 1SQ of 0 to 100, where a high
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value indicates greater stability, where-
as a low value implies instahility, The
manufacturer's guidelines suggest that
a successful implant typically has an
1SQ greater than 65. An 15Q < 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 *,

The results 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 15Q
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 1SQ values measured at implant in-
sertion on cadavers'** in humans’ "
and in dogs™. In the first study” the
cutting-torque at the crest (first third
of implant insertion) was related to the
1SQ, while the overall insertion torque
values was not related to the 15Q.

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
leve! 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
maore than 35 Nfcm 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"", 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 15Q was measured
using the latest version of the machine,
i.e. the new “Ostell 1SQ" instrument,
which is claimed to be less sensitive to




electromagnetic noise. This fact should
be considered when evaluating the re
suits of the present study in compari-
son to previously published papers,

In conclusion, the present study shows
an inverse correlation between the 15Q
and micromotion, demonstrating that
itis able to understand if an implant is
more stable than another. Neverthe
less similar values of 15Q were found
for quite different micromotions and
for this reason the 150 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 he directly transferred to clinical
applications. Specific clinical follow-up
studies are necessary to confirm the
hypotheses that a certain amount of
micromotion could he responsible for
implant failures under immediate load
ing conditions.
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