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ABSRACT

Achieving primary stability of greatest importance, at the time of dental implant placement. A rigid fixation of
implant within the host bone, in absence of micromotion is the most critical factor for successful osseointegration.
Various methods are reported by the authors over the years, in literature to monitor implant stability, which
include, tapping the abutment with a metallic instrument, histomorphometry test, removal torque test, cutting
torque test, radiography, periotest, and resonance frequency analysis. Resonance frequency analysis (RFA) is most
recent advancement in dentistry which offers a clinical, objective way to measure stability and presumed
osseointegration of implants. The review focuses on different methods used to assess implant stability and recent

advances in this field implant dentistry.

KEYWORDS: micromotion, histomorphometry, osseointegration.

INTRODUCTION

The use of dental implants in the rehabilitation of
partially and completely edentulous patients has been
significantly increased in dentistry since 1980.1"
Although high survival rates of implants supporting
prosthesis have been reported,”* failure still happens
due to bone loss as a results of primary and secondary
implant stability. Primary stability of an implant is the
absence of mobility in the bone bed upon insertion of the
implant and mostly comes from mechanical interaction
with cortical bone. It is also named as “Mechanical
Stability” which is the result of compressed bone holding
the implant tightly in the bone. Secondary stability,
named as “Biological Stability”, happens through bone
regeneration and remodelling at the implant/bone
interface."® It is the result of new bone cells forming at
the site of the implant and osseointegration. The primary
stability is the requirement for successful secondary
stability.®! Secondary stability orders the time of
functional loading.l”” Following the placement of an
endosseous implant, primary mechanical stability
gradually decreases and secondary stability (biologic)
gradually increases.

Bone quantity and quality, surgical techniques including
the skill of the surgeon, implant (geometry, length,
diameter, and surface characteristics) are major factors
affecting primary stability.®! Primary stability, bone
modelling and remodelling, and implant surface
conditions are the main parameters influencing
secondary stability.®)

Osseointegration is an important factor in specifying a
series of criteria that identifies success or failure of an
implant. Osseointegration is, however, a patient-
dependent wound healing process that happens at two
different stages: primary stability and secondary stability.

Dental implant stability measurement, an indirect
indication of osseointegration, is a measurement of
implant’s  resistance to  movement.’)  Objective
measurement of implant stability is a valuable tool for
achieving consistently good results first and foremost
because implant stability plays such an important role in
achieving a successful outcome. The advantages of
measuring implant stability are to make more accurate
decisions about the time of crown loading or unloading,
select the protocol of choice for implant loading, and

www.wijpls.org

220




Himanshu et al.

World Journal of Pharmaceutical and Life Sciences

increase trust between patient and practitioner. It is,
therefore important to be able to quantify implant
stability at various times and have in place a long-term
prognosis based on implant stability measurement tool.
Although various diagnosis analyses have been
employed and several research and development projects
have been already made in this field, measuring implant
stability remains a challenge in dentistry.

Available Methods Currently used to Assess Implant
Stability

The methods for studying stability can be categorized as
invasive, which interfere with the osseointegration
process of the implant, and non-invasive, which do not.
Some of the most famous methods in analyzing dental
implant stability are histologic analysis, percussion test,
radiographs, reverse torque, cutting resistance, and
resonance frequency analysis (RFA). Since histologic
analysis is not feasible for daily practice it is not
discussed in this artical.

A) Radiographic analysis

Radiographic analysis was one of the first methods
applied to evaluate the condition of implants after they
had been placed. Radiographic evaluation is a non-
invasive method that can be performed at any stage of
healing process. Bitewing radiographs are used to
measure crestal bone level, defined as the distance from
the top of the implant to the position of the bone on the
implant surface, because it has been suggested as an
indicator for implant success.™ However, other studies
recommended that the resolution of bitewing radiographs
cannot be used as the only tool to evaluate either primary
or secondary stability.[®! Moreover, crestal bone changes
can be only reliably measured if there is no distortion in
the radiographic pictures. In those pictures, the distortion
happens when the central x-ray tube is not positioned
parallel to the implant. Furthermore, panoramic view (a
dental X-ray scanning of the upper and lower jaw that
shows a two-dimensional view of a half circle from ear
to ear) does not provide information on a facial bone
level, and bone loss. Finally, regular radiographs cannot
be used to quantify neither bone quality nor density.
They can be used to assess changes in bone mineral only
when there are decreases that exceed 40% of the initial
mineralization.™ Moreover, because of X-radiation
hazards other methods with fewer side effects are
preferred.

B) Cutting Torque Resistance Analysis (CRA)

This method was originally developed in 1994 by
Johansson and Strid™ and later improved in vitro and
in vivo human models. In this method the energy
required in cutting off a unit volume of bone during
implant surgery is measured. This energy has been
shown to be significantly correlated with bone density,
which has been suggested as one factor that significantly
influences implant stability.™® The advantages of this
method are detecting bone density and its quality during
surgery. The major limitation of CRA is that it does not

give any information on bone quality until the osteotomy
site (a surgical operation for bone shortening or
realignment) is prepared. In addition, this information
cannot be used to assess bone quality changes after
implant insertion.

C) Reverse Torque Test (RTT)

The Reverse Torque Test (RTT), which is proposed in
1984 by Roberts et al.,™! measures the critical torque
threshold when bone-implant contact is broken. This
indirectly provides information on the degree of bone-
implant contact in a given implant. Removal Torque
Value (RTV) as an indirect measurement of bone-
implant contact was reported to range from 45 to 48
N.cm.'™ The disadvantage of this method is the risk of
irreparable plastic deformation within implant bone
integration and the implant failure when unnecessary
load is applied to an implant that is still undergoing
osseointegration. In addition, applying torque on
implants placed in bone of low quality may result in a
shearing of bone-to-implant contact and cause implants
to irretrievably fail.

D) Insertion torque analysis

Insertion torque analysis, as an invasive method,
expresses the amount of force that is applied to the
implant as it is inserted. Implant placement insertion
torque is initially minimal, and increases quickly until
the cortical layer (see Figure 1) in a jawbone is fully
engaged. As the implant is driven into the bone, repeated
measurements are taken and a graph is often produced.
The maximum value is obtained when the head of the
screw makes contact with the cortical plate (the hard,
outer shell of alveolar). Insertion torque measurement
includes finding the maximum insertion torque value
when the screw head contacts the cortical plate. This test
has been generally well accepted and has been used for
evaluating various implant designs.*® Insertion torque
has been found to correlate with bone density and
consequently implant stability.*”) The application of
insertion torque has been shown to be limited since
estimating the quality of the bone is impossible until the
implant insertion is actually started. So, insertion torque
measurements cannot be used for the selection of implant
sites. This method also cannot be used to follow implant
healing and osseointegration procedures.
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Figure 1-1: The picture of lower jaw and teeth.
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E) Percussion test

Percussion test is the simplest method for testing implant
stability. This test is based upon vibrational acoustic
science and impact-response theory. In this method,
clinical judgment about osseointegration is made based
on the sound heard from the percussion of the implant
with a metallic instrument. A “crystal” sound indicates
successful osseointegration, while a “dull” sound means
weak or failing osseointegration. This method heavily
relies on the clinician’s experience level and subjective
belief. Therefore, it cannot be used experimentally as a
standard testing method.

F) Pulsed oscillation waveform
Kaneko et al.,"®*! used a Pulsed Oscillation Wave Form
(POWF) to analyze the mechanical vibrational
characteristics of the implant-bone interface using forced
excitation of a steady-state wave.

Pulsed oscillation waveform works based on the
frequency and amplitude of the implant vibration
induced by a small-pulsed force. This system consists of
an acoustoelectric driver, an acoustoelectric receiver, a
pulse generator and an oscilloscope. Both the
acoustoelectric driver and the acoustoelectric receiver
consist of a piezoelectric element and a puncture needle.
A multifrequency pulsed force of about 1 KHz is applied
to the implant by lightly touching it with two fine
needles connected to piezoelectric elements. Resonance
and vibration generated from the bone-implant interface
of an excited implant are picked up and displayed on an
oscilloscope. The sensitivity of this method depended on
load directions and positions. The sensitivity of this
method is low for the assessment of implant rigidity.!®!

G) Impact hammer method

Impact hammer is an example of transient force as a
source of excitement. This method is an improved
version of the percussion test except that sound
generated from contact between hammer and object is
processed through fast Fourier transform (FFT).

The DMC was originally developed by Aoki and
Hirakawa.?>?! It detected the level of tooth mobility by
converting the integration of teeth and alveolar bone into
acoustic signals. Contac time between the tapping impact
hammer and the object is measured. In this theory, the
width of the first peak on the time axis of the spectrum
generated by transient impulse is inversely proportional
to the time axis of the impulse.?? The lower rigidity of
implant-bone integration results in a longer time
response. In this device, a microphone is used as a
receiver. The response signal of the microphone is
processed in the time domain. Some problems were
addressed to this method such as difficulties of double
tapping and difficulty in obtaining constant excitation.

Unlike the DMC, which applies impact force with a
hammer, Periotest uses an electromagnetically driven
and electrically controlled metallic tapping rod in a

headpiece (see Figure 2). Response to striking is then
measured by a small accelerometer incorporated into the
head of the device. Similar to DMC, the contact time
(CT) between the test object and tapping rod is measured
in time domain and then converted to a value called
PTV, which is related to the damping characteristics of
tissue surrounding teeth or implant. For PTV units in the
range of -8 to +13, a linear formula is used:

prv=-—S__213 @
0.02ms

For PTV values ranging from +13 to +50. a quadratic formula is used:

PV = |(-2—-8.493) - 4.17 10))

0.06 ms

Figure 2: Periotest device.

The lack of sensitivity is reported as one of the
shortcomings of this device.® This is because PTV has
a very wide dynamic range (PTV is -8 to +50) of
possible responses, and the PTV of an osseointegration
implant falls only in a relatively narrow zone (-5 to +5)
inside the range. Moreover, values measured from
Periotest can be affected by excitation conditions such as
position and direction. PTV also cannot be used to
identify a “borderline implant” which may or may not be
considered as a successful osseointegration. Finally,
Periotest measurements are limited because they are
strongly dependent to the orientation of the excitation
source and the striking point. As a result, despite some
positive claims for the Periotest, the prognostic accuracy
of the Periotest for implant stability has been criticized
for a lack of resolution, poor sensitivity and
susceptibility to operator variables.?"

H) Resonance Frequency Analysis (RFA)

In resonance frequency analysis, implants are forced to
oscillate and the frequency at which they oscillate at
maximum amplitude is registered as their resonance
frequency. Similar to all distributed system, an implant
can have many resonance frequencies, each called a
harmonic. The resonance frequencies are dependent on
the material, length and the quality of the supporting
mechanism. Since the material and length of the implant
are constants, variations of the resonance frequency
highly correlate to the quality of the support
(osseointegration).

RFA, as a method of monitoring implant/tissue
integration, was first introduced for dental applications in
1996.% It is a non-invasive and objective method for
short and long-term monitoring of changes in implant
stability.®***1 RFA has been applied for implant
stability measurement in both humans®®®! and
animals®* (in vivo) and in vitro.”®**3 RFA as a
technique for measuring dental implant stability, has
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attracted considerable scientific interest in recent years
and an increasing number of prominent journal papers
are published about it since its first introduction.

The RFA of an implant, as it was briefly mentioned in
this section, can be influenced by some factors including
implant length, implant diameter, implant geometry,
implant surface characteristic and placement position, as
well as bone quality, bone quantity, damping effect of
marginal mucosa, bone implant contact, effective
implant length and connection to transducer.

Currently, there are two commercially available devices
used to evaluate the resonance frequency of implants
placed into the bone, Implomates (Bio Tech One) and
Osstell (Integration Diagnostics). Their main difference
is in the way they excite implants.

The Implomates device (Taipei, Taiwan) has been
studied extensively by Huang et al.?%**3" This device
utilizes an impact force to excite an implant. There is a
small electrically driven rod inside the device that
produces impact force. The received time response signal
is then transferred in frequency spectrum for analysis
(range 2 to 20 KHz). The first peak in the frequency
spectrum (distinguishable from the noise) indicates the
primary resonance frequency of implant. Higher
frequency for the primary resonance and the sharpness of
that peak indicates a more stable implant.

Osstell measures RF by attaching a metal rod to an
implant with screw connection and exciting the rod
doing a frequency sweep. The rod is excited by a small
magnet that is attached to its top that can be stimulated
by magnetic pulses from a handled electronic device (see
Figure 3). The rod can vibrate in two directions
(perpendicular to each other) and thus it has two
fundamental resonance frequencies. Implant Stability
Quotient (ISQ) is a scale developed by Osstell for
implant stability. It converts the resonance frequency
values ranging from 3,500 to 8,500 Hz into an 1SQ of 0
to 100. A high value indicates greater stability, while a
low value indicates instability. Values greater than 65 are
recommended as successful implant stability. Even
though Osstell is clinically used but there are not much
convincing data on the relation between bone-implant
interface and 1SQ values.®
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Figure 3: Osstell Device.

1) Finite Element Analysis (FEA)

Finite Element Method (FEM) is a numerical technique,
which facilitates the RF analysis by providing an
interface where a 3D model of an object and its support
can be developed and studied. FEM approximates the
real structure with a finite number of elements and
assigns mechanical properties of objects such as Young’s
Modulus, the Poisson ratio and density. This method can
simulate complex geometric shapes, material properties,
and generate various boundary conditions of the real
situation, which are difficult to produce in the laboratory.
FEM simulation method has the advantage of allowing
independent control of each parameter in the Finite
Element (FE) models.

The first person who used modal analysis, the study of
the dynamic properties of structures (will be explained in
more details in chapter 2) together with Finite Element
Method in analysis of implant stability was Williams &
Williams.B¥ Since then, FEM has gradually become an
important tool in biomedical research. Wang et al.*!
used FEM for calculating RFA to determine the
identifiable stiffness range of interfacial tissue (a thin
layer surrounding the implant) of dental implants. They
found that when the Young’s modulus of the interfacial
tissue is less than 15 MPa, the resonance frequencies are
significantly affected by the interfacial tissue and the
influence of other parameters such as geometry,
boundary constraint, and material property of the bone
are negligible. One limitation of finite element modelling
is that it is a numerical approach based on many
assumptions, which might not necessarily realistic to
simulate real cases.

J) Ultrasonic wave propagation

An alternative method to assess implant stability is
quantitative ultrasound (QUS), as suggested initially by
de Almeida et al.l They used the implant as a
waveguide and showed a significant correlation between
the experimental 1 MHz ultrasonic responses of an
aluminum threaded piece and the screwing depth in an
aluminum block. They concluded that Ultrasonic waves
are sensitive to bone-implant interface properties. In the
same study, finite difference numerical simulations
depicted an agreement between the 1 MHz ultrasonic
response of titanium wave guides and the elastic
properties of tissues surrounding the guides.
Furthermore, in a recent experimental study by Mathieu
et al.,*? a 10 MHz ultrasonic device was validated with
implants placed in rabbit bone. The amount of bone
surrounding prototype cylindrical titanium implants was
shown to be significantly correlated with a quantitative
indicator deduced from the ultrasonic response to a 10
MHz excitation.

CONCULUSION

To date no definite method has been establish to measure
implant stability accurately with fair amount of
reliability. Though, clinical measurement of implant
stability can be evaluated with resonance frequency
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analysis with fair

amount of predictability. The

theoretical basis of resonance frequency analysis is based
on sound foundation; still there are uncertain issues such
as critical value that can suggest success or failure of a
particular implant system. Hence, further research is
needed to establish higher reliability of the currently
discussed methods.
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