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KEYWORDS Abstract Objectives: The objectives of this in vitro study were to investigate the sensitivity and
Osseointegration; reliability of the Osstell™ systems (Resonance Frequency Analysis — RFA) compared to the Perio-
Implant Stability; test® system in implant bone simulated conditions. Three conditions were simulated: (1) the direct
Periotest; fixture-bone contact and fibrous tissue fixture contact, (2) The different levels of horizontal bone
Osstell; loss, and (3) The hardening implant-bone interface.
Resonance Frequency Materials and methods: Forty-nine dental implant fixtures were placed in the center of acrylic
Analysis

cubes. In Part I seven fixtures were placed in direct contact with acrylic and another seven were
placed in contact with polyvinyl siloxane impression material as soft interface. Part II: four sets
of 0, 2, 4 and 6 mm horizontally exposed fixture samples were made (seven fixtures in each set). Part
III: seven fixtures were placed in contact with a thin mix of autopolymerizing resin. The stability of
these fixtures was measured using Osstell™ and Periotest® systems.

Results: The mean Periotest® value(PTV) and Osstell™ measurements showed a significant differ-
ence between the direct contact and soft interface (P < 0.001). These values also showed statisti-
cally significant difference between the different levels of horizontally exposed fixture groups
(P < 0.001). The level of horizontal fixture exposure was strongly correlated with the PTVS
(r = 0.967) and strongly negatively correlated with Implant Stability Quotient (r = —0.946). A
strong correlation was found between the Osstell™ readings and the change in the stiffness of the
autopolymerizing resin fixture interface group (r = 0.986).
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Conclusions: Both Osstell™ and Periotest® systems proved to be sensitive in measuring dental
implant stability in hard and in soft interfaces. Osstell™ also proved to be sensitive in detecting
changes in the fixture interface stiffness. Osstell™ system proved to be more reliable compared to
Periotest® system in measuring dental implant stability in hard and in soft interfaces.

© 2010 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.

1. Introduction

While dental implants have become increasingly important in
many disciplines in oral rehabilitation, implant treatment still
fail. Initial stability at placement (primary stability) and the
development of osseointegration in the following healing pro-
cess (secondary stability) are two important factors for implant
success. Clinicians generally agree that it is important to verify
the status of implant-bone interface before attachment of
prosthetic abutment, after completion and insertion of the
definitive prosthesis; and during the maintenance phases
(Walker et al., 1997). Implants following the concept of osseo-
integration are considered failures if mobility is detected
(Albrektsson et al., 1986; Schnitman and Shulman, 1979).
The soft tissue changes associated with lack of implant osseo-
integration and/or mechanical failures can also be evaluated
but are not easily quantified.

A simple, predictable, noninvasive test to quantify implant
stability and osseointegration is highly desirable. It was origi-
nally believed that osseointegration of implant can be assessed
by tapping an implant and/or abutment with a metal instru-
ment and assessing the nature of the sound. This has proven
to be unsuccessful due to the inability of humans to consis-
tently discriminate sound in terms of specific, sensitive criteria
(Meredith, 1998).

To evaluate the initial bone quality and the degree of osseo-
integration, various methods have been proposed (Huang
et al., 2003), including histology and histomorphometry
(Albrektsson and Jacobsson, 1987; Ericsson et al., 1994; Senn-
erby et al., 1992a,b), removal torque analysis,(Carlsson et al.,
1988; Johansson et al., 1991; Wennerberg et al., 1995)
pull- and push-through tests (Dhert et al., 1992) and X-ray
examination (Meredith, 1998). However, due to problems of
invasiveness and inaccuracy, these methods are not suitable
for long-term clinical assessment. To overcome these prob-
lems, a noninvasive device called the Periotest® (Periotest®,
Siemens AG, Bensheim, Germany) was used to monitor the
implant stability (Olive and Aparicio, 1990; Teerlinck et al.,
1991). It was originally designed to measure tooth movement
in quantitative units. The manufacturer suggests that tooth
mobility can be quantitatively ascertained with a high degree
of precision in the absence of pathologic radiographic findings
(Drago, 2000). The range in Preiotest® values (PTV) shown by
clinically immobile dental implants depends on the damping
characteristics of the surrounding tissues (bone in successful
implants and fibrous tissues in failed implants). Since the
slightest clinical mobility of an implant is considered a symp-
tom of failure, the assessment of Periotest® value is of clinical
interest (Tricio et al., 1995).

Unfortunately, because the Periotest value is strongly re-
lated to the excitation direction and position, the reading
from the method does not always correspond precisely to
a biomechanical parameter (Caulier et al., 1997; Derhami
et al., 1995). Due to the need for a nondestructive and non-

invasive device to evaluate the conditions of implant-bone
interface in vivo, a new device (Osstell™, Integration Diag-
nostics Ltd., Goteborgsvagen, Sweden) based on Resonance
Frequency Analysis (RFA) was developed (Huang et al.,
2003). In a series of publications, Meredith and co-workers
(1996) reported on the use of transducer that can be di-
rectly attached to an implant body or to the abutment on
the implant. Clinically, RFA values have been correlated
with changes in implant stability during osseous healing,
failure of implants, and the supracrestal dimensions of the
implant and given a wide range of values (Friberg et al.,
1999).

The objectives of this in vitro study were to investigate the
sensitivity and reliability of Osstell™ (Resonance Frequency
Analysis — RFA) compared to the Periotest® system in
implant bone simulated conditions. Three conditions were
simulated (1) the direct fixture-bone contact and fibrous-
tissue—implant interface, (2) The different levels of horizontal
bone loss, and (3) The hardening implant—bone interface dur-
ing the implant healing phase.

2. Materials and methods
2.1. Samples preparation

The testing media comprised of 49 acrylic resin cubes
(15 15 mm in cross section and 20 mm in height) which were
fabricated with cold cure acrylic resin (Orthoresin, Dentsply,
DeguDent GmbH, Postfach, Hanau, Germany). The cold cure
resin was poured into a silicon mold after mixing the powder
and liquid as per the manufacturer’s recommendations (Flex-
ural modulus = 55 MPa). To minimize voids entrapment,
the mix was vibrated on a mechanical vibrator (Vibromaster,
Bego Bremer Goldshagerel will GmBA & Co., Bremen, Ger-
many) which was set at frequency of 6000 cycles/min and
0.40 mm amplitude of vibration. The mold was placed in a
pressure pot filled with 45 °C water for 10 min at 30 psi. The
set acrylic cubes were left for 24 h at room temperature before
implant placement.

In order to address the main objectives, the study was meth-
odologically divided into three parts:

Part I: Group A: Seven ITI implants (ITI dental implant
system, Straumann Institute, Waldenburg, Switzerland), (Solid
screw, SLA, & 4.1 mm diameter, shoulder 4.3 mm, length
14 mm) were placed in the center of the acrylic cubes and in
direct contact with the acrylic using the standard surgical pro-
tocol described in ITI implant system manual. The implants
were placed into the prepared bed mechanically using a hand
piece adaptor at 15 rpm. The samples were numbered by a per-
manent marker (from D1 to D7). This group simulates the fix-
ture bone direct contact. The transfer part was not removed
from the implant to serve as standard abutment in the Perio-
test® measurements.
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2.2. Ostell™ and Periotest® measurements

The Periotest® hand piece (Periotest®, Siemens AG, Bensheim,
Germany) was mounted on a three-arm clamp and firmly
screwed on a vertical stand. For maximum control, the stand
position was secured to the bench. The handpiece sleeve was
set at a fixed distance from a flat surface of the hexagon and
centered perpendicularly to the long axis of the implant. Three
measurements were recorded for each sample following the
operating instructions recommended by the manufacturer in
the clinical manual and registered to a chart particularly de-
signed for this purpose.

The Osstell™ measurements (Osstell™, Integration Diag-
nostics Ltd., Goteborgsvagen, Sweden) were made by attach-
ing the Osstell™ transducer (No. 100063) at the fixture level
using manual torquing. The effect of manual tightening on
ISQ (Implant Stability Quotient) was assessed by attaching
the transducer manually to an implant and tightened firmly
until no more tightening can be accomplished, an ISQ reading
was recorded and the transducer was unscrewed. This process
was repeated ten times, the ten readings were found to be iden-
tical. Three measurements were recorded for each sample in
the following experiments using the Osstell™ kit.

Group B: Seven cubes were prepared for seven ITI implants
(Solid screw, SLA, & 4.1 mm diameter, shoulder 4.3 mm,
length 14 mm); the sockets were widened using a twist drill
& 4.2 mm to create 0.1 mm space around the fixture surface.
This space was filled by polyvinylsiloxane impression material
to act as soft interface between the implant and the acrylic re-
sin, simulating the failure of osseointegration, i.e. healing by
fibrous encapsulation. Prior to implant placement, light body
polyvinylsiloxane impression material (Zerosil-light, Dreve-
Dentamid GMBH, Max-Planck-StraBe, Unna, Germany)
was dispensed using an injector and a mixing canula. A lentulo
spiral was used in the socket at 200 rpm anticlockwise to avoid
air bubbles entrapment. The fixture threads were covered with
the same mix of impression material and inserted slowly into
the socket over the vibrator. The excess material was removed
by No. 15 scalpel blade after 4 min (the setting time recom-
mended in the manufacture leaflet). These samples were num-
bered (S1-S7) and left for 24 h before measurements. The
implant stability was measured using the Periotest® and the
Osstell™ systems following the same measurement method de-
scribed earlier for the first group.

Part II: This part of the experiment consisted of four
groups, seven implants in each group. The fixtures (ITI, Solid
screw, SLA, & 4.1 mm diameter, shoulder 4.3 mm, length
14 mm) were placed directly in the acrylic cubes using the stan-
dard ITI surgical (drilling) protocol exposing different heights
of the fixture in relation to the horizontal level of the acrylic
resin (0 mm, 2 mm, 4 mm and 6 mm) to simulate different
stages of horizontal alveolar bone loss. The socket depths were
14, 12, 10 and 8 mm, respectively. These groups were num-
bered: (A1-A7), (B1-B7), (C1-C7) and (D1-D7), respectively.
The measurements of the implant stability using the Periotest®
and the Osstell™ systems were made following the method
described earlier in Part I.

Part III: In order to evaluate the effect of interface harden-
ing on the Resonance Frequency Analysis (RFA), a thin ac-
rylic mix was placed between the implant surface and the
testing acrylic cube. Seven implant beds 4.2 mm in diameter
were prepared in the acrylic cubes using & 4.2 twist drill to

create 0.1 mm of space around fixture. The Osstell™ trans-
ducer (No. 100063) was attached to J 4.1 mm ITI implants
(solid screw, SLA, shoulder 4.3 mm, length 14 mm) manually
and acrylic resin (Orthoresin, Dentsply, DeguDent GmbH,
Postfach, Hanau, Germany) was mixed according to the man-
ufacture instructions. The mix was injected into the acrylic
socket and the fixture was coated with the acrylic and placed
in the acrylic socket. The excess acrylic material was removed
immediately. RF readings were recorded using Osstell™ system
every minute for 30 min.

The readings were tabulated and the data were analysed
statistically using SPSS software (SPSS software V10.0; SPSS
Inc., Chicago, IL).

3. Results

In order to compare the standard deviations of the two
devices, the PTVs scale (—8 to +50) was converted to 0—-100
scale (the scale used by the Ostell™) using the following
equation:

Pn = (Pf+ 8) « 100/58

Pn = new PTV based on0 — 100 scale,

Pf = former PTV based on — 8 to + 50 scale

The mean PTV =+ standard deviation for the direct contact
group was —3.52 + 0.39 PTV and 5.7 + 0.24 PTV for the soft
interface group. The mean of the Osstell™ measurements +
SD was 70.43 £ 0.00 ISQ (Implant Stability Quotient) for
the direct acrylic contact group and 53.95 £+ 0.24 ISQ for
the soft interface group. A statistically significant difference
(using t-test) was found between the direct contact and soft
interface (P < 0.001) for PTV and ISQ (Table 1).

For the different levels of fixture exposure group (Table 2),
the mean of the PTV + SD was —3.52 + 0.39, —1.14 £ 0.0,
1.28 £ 0.0 and 4.33 + 0.14 PTV for the 0, 2, 4 and 6 mm
fixture exposure subgroups, respectively, while the mean
ISQ + SD were 70.43 £+ 0.0, 64.14 £+ 0.24, 59.47 + 0.41 and
52.14 + 0.32 for the four subgroups, respectively. A statisti-
cally significant difference (using One-Way ANOVA) was
found between the four subgroups (P < 0.001) for the PT
and ISQ tests. Spearman’s Rho correlation test (Fig. 1 and
2) revealed that the level of horizontal fixture exposure
strongly correlate with the PTVs (r = 0.967) and strongly
reversibly correlate with ISQ (r = —0.946).

The changes in resonance frequency measured during poly-
merization of acrylic resin around the fixture were plotted
against the curing time in Figs. 3 and 4. The ISQ is strongly
correlated with the change in the elasticity of the acrylic during
polymerization (r = 0.986).

Table 1 Analysis of implant stability measurements in direct
and in soft interface samples (N = 7).

Device Technique Mean SD°  Sig. (r-test)
Periotest® (PTV)  Direct contact —3.52 039 "

5

Soft interface 5.7 0.28

5

Osstel™ (ISQ) Direct contact ~ 70.43  0.00

Soft interface 5395 0.24

*

* P < 0.001.
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Table 2 Analysis of implant stability measurements in differ-
ent levels of implant length exposure samples. (N = 7).

Device Implant exposure Mean SD* Correlation

length (mm) (specimen’s rho)

Periotest® (PTV) 0 —3.52 039 = 0.967
2 —1.14 0.00
4 1.28 0.00
6 433 0.14
Osstel™ (ISQ) 0 70.43 0.00 r = —0.946
2 64.14 0.24
4 59.47 0.41
6 52.14 0.32
10 —»— Mean
7 PTV
4 = 433
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Figure 1 The correlation between mean PTV and level of
implant exposure.
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Figure 2 The correlation between ISQ and level of implant
exposure.

4. Discussion

Both Periotest® and Osstell™ systems detected the change in
implant stability in hard and in soft fixture interfaces, and this
is demonstrated by the significant statistical difference
(P < 0.001) between the direct contact and the soft interface
groups. The mean ISQ reported in this study for the direct con-
tact group (70 £+ 0.0) was close to what has been reported in
the literature for successfully integrated implants 69 £ 6.5
ISQ and 70 ISQ (Glauser et al., 2003).

The average of the PTV for the osseointegrated implant re-
ported in the literature ranged from —8 to +5.5 (Aparicio,
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Figure 3 Mean ISQ of implant in hardening interface.

45
4
35
3
2325
2
15
1
0.5
0

1 21

Time (min.)

Figure 4 Standard deviation for auto polymerizing resin inter-
face samples in relation to time.

1997; Salonen et al., 1997; Tricio et al., 1995) the mean PTV
for the direct acrylic contact group was —3.52 + 0.39. The
Osstell™ showed better reliability compared to Periotest® in
measuring the implant stability in hard and in soft interface
(Periotest® SD = 0.24 and 0.28 compared to 0.00 and 0.24).
The mean value in this study for the soft interface using the
Osstell™ was 53.95 £+ 0.24 ISQ which coincide with Sennerby’s
observation who stated that “‘the risk of failure starts to in-
crease below 55 ISQ” and with the manufacturer statement
that “implant with ISQ less than 50 is more prone to fail”
(Sennerby et al., 1992a).

A significantly positive correlation was found between in-
creased exposed implant lengths (EIL) and the PTV, while
strong negative correlation was found with Osstell™ system
which is in agreement with Meredith’s (1998) observation. This
reflects the ability of both systems to detect any changes in ex-
posed implant length. The positive and negative correlations
are due to different measurement scales used in the two sys-
tems i.e. the PTV decreases as the implant stability increases
while the ISQ increases as the implant stability increases.
The reliability of Osstell™ in this study decreased as the im-
plant stability decreased in this group (SD: 0.0, 0.24, 0.4 and
0.32 for the 0, 2, 4 and 6 mm fixture exposure, respectively)
while, in contrary, the Periotest® becomes more reliable as
the implant stability decreased (SD; 0.39, 0.0, 0.0 and 0.14).

Derhami et al. (1995) observed that varying the vertical
measuring point on the implant-abutment assembly markedly
influenced the PTV value when using the Periotest®. However,
the increased reliability of Periotest® demonstrated in this



Assessment of Osstell™ and Periotest® systems

21

study might be attributed to the standardisation of the Perio-
test® vertical level, angulation and distance between the Perio-
test® tip and the fixture.

Changes in stiffness that may occur at the implant—tissue
interface during bone formation and healing were modeled
using the change in the state from liquid to solid that occurs
during the polymerization of polymethyl methacrylate. This al-
lows any change in stiffness to be monitored over a convenient
period of time. The significant rise in mean RF when plotted
against curing time indicates that the Osstell™ system trans-
ducer is sensitive to changes in stiffness as the resin hardens
progressively. The row data for the seven samples, when the
ISQ plotted against time, show a maximum data scattering
in the first ten minutes (SD: 2—4), less scattering in the second
ten minutes (SD: 1-2) and least scattering in the last ten min-
utes (SD: 0.5—-1). This obviously support the pervious finding
in this study that the reliability of Osstell™ system increased
as the implant stability increased or the stiffness of the sur-
rounding media increased.

5. Conclusions

Within the limitations of this study, the following conclusions
can be drawn:

Osstell™ and Periotest® systems proved to be sensitive in
measuring dental implant stability in hard and in soft
interfaces.

Osstell™ proved to be sensitive in detecting changes in the
fixture interface stiffness.

Osstell™ system proved to be more reliable compared to
Periotest® system in measuring dental implant stability in
hard and in soft interfaces.

The reliability of the Osstell™ system increases as the
implant stability increases.

The reliability of the Periotest® system increases as the
implant stability decreases.
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