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Implant stability

Implant stability is a principal precondition for the suc-
cess of implant therapy. Implant stability can be primary or

secondary and depends on different factors .

Primary implant stability.

It is a frictional force between the bone and the implant.
Stability is achieved during implant insertion in the bone site
which is the result of biomechanical bone-implant relation *.
Primary stability depends on: bone quality, bone amount,
surgical technique, implant design and surface *°.

Bone quality

The hardness of compact bone is about 10 times higher
than cancellous (trabecular) bone, thanks to both its density
and mineralization. The higher bone density gives the higher
primary implants stability values ™2, Considering that can-
cellous bone has lower biomechanical values, some authors
like to name it “lower quality bone’, which is not quite exact
and correct term. It is better to name it — ‘low density bone’.
The most important parameter is the quality of bone that can
be classified by its density based on panoramic radiography .

Bone is then classified as: type 1 — compact bone; type
2 — thick layer of compact bone which overlays trabecular
bone; type 3 — thin layer of cortical bone which overlays
dense trabecular bone; type 4 — thin layer of cortical bone
which overlays low density trabecular bone (Figure 1).

Regardless bone density, particular concern should be car-
ried out with patients at risk, like patients after radiotherapy ™ *°.

Implant stability can also be differentiated by the loca-
tion in the jaw bone region. Higher values of primary stabil-
ity are achieved in the regions with higher bone density
(measured by computed tomography — CT), such are interca-
nine and molar regions. In case of higher bone density, a
high value of primary stability will be achieved *"*.

BONE TYPE 1 BONE TYPE 2

BONE TYPE 3

BONE TYPE 4

Fig.1 — Bone type scheme, drawn by Dr. Filip Ivanjac,
inspired by Lekholm and Zarb ',

There are similar results for the relationship bone den-
sity/implant stability, as well as for the resistance during im-
plant insertion in other publications suggesting that bone
density measured by CT can predict implant stability **%

Bone amount

Bone amount is an important factor in implant therapy.
The lack of alveolar bone is a limiting factor for implanta-
tion. When there is no sufficient bone quantity at least of 10
mm in length, the implantologist have to choose to use more
suitable implants, generally smaller and shorter ones, which
could jeopardize implant stability *2.

Surgical technique

Surgical technique plays an important role in implant
stability as well as in outcome of implant therapy. Surgical
trauma is a risk factor which damages bone tissue **%*. Pri-
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mary stability also depends on drill diameter: smaller- di-
ameter drills often give higher values of primary stability.

Implant design

Implant macro and micro design can have influence on
implant stability. In other words, it depends on the available
implant surface. Increase in implant surface could be
achieved by plasma coating, sanding, laser treating and ap-
plying crystals of calcium phosphate. These procedures can
enlarge the surface up to 10 times. A larger implant surface
provides both higher primary stability values and conse-
quently better osseointegration. Implants longer than 10 mm
have better primary stability. Root shaped implants have a
better force distribution on periimplant tissue, and cylindrical
implants show the highest primary stability values, so they
are more often used 2>,

Secondary implant stability

After implantation, surrounding tissue responds to
trauma by bone remodelling which could last from 12 to 18
months. However, the term ‘secondary stability’ usually re-
fers to the period of 3—-6 months after implantation. Implants
placed into the cancellous bone as well as in the compact
bone modify their stability during the time. Changes occur in
cancellous bone which adopts compact bone characteristics
in the areas close to the implant surface, which further makes
an implant more stable "3 %",

In compact bone, implant stability is decreased during
the time because of a mild bone resorption, so implant sta-
bility values both in compact bone and cancellous bone after
a time period are closer, nearly equal %7

Sometimes, secondary stability values are lower than
primary stability values. Decrease in stability is the result of
mild resorption in marginal bone. Some authors deny this
fact by achieving high values in resonance frequency quo-
tient after one-year period follow-up. On the other hand, in-
crease of primary stability values is due to bone remodelling,
which is influenced by external and internal factors like gen-
eral health, tobacco and drugs use, or radiotherapy ' *'.

Secondary stability depends on bone remodellation pro-
cess on the implant-bone interface which is influenced by
both implant surface and healing time ** %

Osseointegration

Per Ingvar Branemark **, Swedish doctor, was the first
researcher to scientifically prove (in 1969) that a direct
structural and functional contact between the live bone and a
functionally loaded implant is possible. This process is de-
fined by the term ‘osseointegration’. Subsequently, it has
been known that osseointegration depends on healing abili-
ties, reparation and remodellation of bone tissue. A relation
between the bone and an implant is defined as a functionally
ankylotic link 2% 23 3173444,

Osseointegration is a histological term meaning direct
bone apposition on the surface of the implant without inser-
tion of soft tissue. It is achieved by bone remodelling during
the initial healing period when implant is not loaded in order
to ensure smooth bone formation on the implant surface. The

process of osseointegration increases bone density, prevents
micromovement and the formation of fibrous scar tissue
around the implant. Osseointegration is most intense in the
first two weeks after implantation. Good osseointegration
clinically means a stable marginal bone around the implant
with no mobility 232,

Implant stability is a combination of the mechanical and
biological stability: mechanical stability is the result of com-
pression of bone tissue during implantation; biological stabil-
ity is the result of newly formed bone cells, which are created
on the implant surface during the osseointegration process.

Mechanical stability which is usually high occurs im-
mediately after placing an implant into the bone. However, it
decreases with time.

Biological stability does not appear immediately after
implantation. It becomes noticeable after the formation of
new bone cells on the implant surface. This stability in-
creases over time —secondary stability. As a result of osseo-
integration, the initial mechanical stability is partly replaced
by biological stability. The final implant stability is a combi-
nation of these two stabilities > *,

Assessment of implant stability

Various methods are used for implant stability testing.
Surgeon's subjective assessment of implant stability is based
on the resistance during bone preparation and insertion of the
implant. However, this method of perception cannot be ob-
jectively expressed 239,

Insertion torque resistance. Insertion torque is a
measure of the resistance that occurs during implantation. It
depends on bone strength and density, as well as on implant
properties. The disadvantage of this method is its depend-
ing on the implant sharpness and the presence of fluid dur-
ing preparation which may differ in results. The greater the
sharpness of the implant or the more fluid in the implant
site during preparation, the less resistance. Another disad-
vantage is that the force of implant placement does not
count 2%,

Percussion test. It includes percussion of the cervical
part of the implant by the handle of the instrument. A con-
clusion on implant stability is made by the presence of reso-
nant sound. Also, there are electrical devices that are based
on the same principle like "perio test" such is - dental mobil-
ity checker * 4.

Implant loosening test. This is a reverse torque test.
Opposite torque test is most often used to measure the sec-
ondary implant stability. Implants which show mobility dur-
ing this test should be considered to be removed. This
method is not in use, because testing can lead to gaps caused
by microcracks in the implant and bone interface, which can
result in implant failure *.

Measurement of the lateral mobility. Micromovement
of an implant in vestibulo-oral or mesiodistal direction (Fig-
ure 2) is more reliable than measuring rotational mobility of
the implant. Rotationally mobile implants can be laterally
stable, which is a good prognostic sign for successful osseo-
integration 3“2,
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Fig. 2 — Graphic scheme of implant micromovement direc-
tions, drawn by Dr Filip Ivanjac inspired by Sennerby et al *,

Besides, there are techniques such is ultrasonic implant
stability testing, as well as the analysis of the resonant fre-
quency (RFA). The bottom line is to measure implant stabil-
ity in a non-invasive manner without damage to the implant-
bone interface. As the success of implant therapy is often as-
sociated with biomechanical factors, implant stability as-
sessment provides valuable information that can guide fur-
ther clinical procedures ***,

History of resonance frequency analysis

Resonant frequency analysis (RFA) reflects the implant
stability. RFA has been used in clinical research for over 10
years. Coefficient (ratio) of implant stability (implant stabil-
ity quotient — 1SQ) is the result of resonant frequency analy-
sis. RFA is an implant stability analysis method where a very
low value of lateral bending force is applied mimicing clini-
cal conditions of implant loading, only in a much smaller
proportion. It measures micromovement of an implant in its
seat, based on the reflected frequency .

The first studies about RFA were conducted by Mere-
dith et al. * in 1996. They launched a device for measuring
implant stability (Ostell®).

Parallely, in Taipei (Taiwan) a similar system — Implo-
mates® Bio Tech One system, was introduced. In the initial
studies, Meredith et al. »® used kilo Hertz (kHz) to measure
implant stability in the range of 3500-8500 kHz. Shortly af-
terwards, 1SQ with the values of 1-100, which correlates
with the frequency in kHz, was established (1 is the lowest
and 100 is the highest stability value).

A newer generation is a device invented by Ostell
Mentor®. It functions as an electronic resonant fork, which
translates kHz into 1SQ. This is a portable device that emits a
signal of 5-10 Ncm through a transducer and calculates 1SQ
value, which is based on the reflected signal. The first reso-
nant frequency of the transduser (fixed to the implant or
abutment) is analyzed. The disadvantage of this method were
_values depending on the direction of setting up the trans-
duser. With the new generation of Ostell Mentor® devices
the transduser is multidirectional. The signal that the device
transmits is 5-15 kHz frequency with a power amplitude of 1
V. The reflected resonant signal is red by the analyzer (de-

Konstantinovi¢ SV, et al. Vojnosanit Pregl 2015; 72(2): 169-174.

tector) of frequency and compared with the original signal
frequency. The acceptable range of values for the implant
stability is 55-85 1SQ units, with the average value of 70
1SQ units *°.

RFA frequency depends on three main factors: transduser
design (transmitter), implant tightness and its relationship with
the surrounding bone and the effective length above the mar-
ginal bone level. The effective length is the sum of the length of
the transducer and the abutment, which can vary. In the first
and second generation, Ostell Mentor® devices were relatively
large and connected by cables to the computer. Data was re-
corded on the hard disk. The results were not comparable to
each other, because each transducer had its own frequency, so
different transducers had to be calibrated before measuring.
The new (third) generation of Ostell Mentor® is a small, port-
able, wireless device that operates on batteries. The transducer
is calibrated by the manufacturer. The result obtained by meas-
uring is a ISQ. It uses a cylindrical metal bar — ‘smart peg’. On
one end it has a screw which is attached with the implant and a
miniature magnet on its top, which is excited by magnetic sig-
nals from the transducer of the device. ‘Smart peg’ vibrates in
two directions positioning on 90 degrees one to another, in the
direction of the highest value of resonant frequency, and the di-
rection of the lowest value, thus making a single coefficient —
ISQ. A better support and stability in the bone, gives the greater
value of resonant frequency. There are transmitters for different
implant systems and abutments. In this way, all the measure-
ments are comparable regardless of the type of implant or
abutment. Each result is stored in a memory card in the tabular
form. Data can be transferred to a computer using a cable or
wireless infrared connection * %1944,

Transducer orientation affects measurement of resonant
frequency. There may be variations up to 10 1SQ units if the
probe is set in parallel rather than perpendicular direction to
the alveolar ridge. The new generation device measures the
highest and the lowest frequency, whenever there is a differ-
ence of 3 ISQ units. Up to 10 units higher values of coeffi-
cient are obtained by a new generation of wireless technol-
ogy device which measures the vibrations in the mesiodistal
direction. Lower values are obtaied using the old technique,
the buco-oral direction. This value is lower because of the
thinner bone, which provides less support. The results are
lower also because of different orientation of the transduser
in the older generation devices. Resonance frequency analy-
sis can provide a significant information about the relation
implant/bone at any stage of treatment .

The importance of RFA method is in the fact that it
helps the implantologist choosing when to load an implant.
Also, it can indicate situations when it is necessary to relieve
the overloaded implant.

High values of primary stability (ISQ 70 and higher),
have no tendency to significantly increase over time. High
primary (mechanical) stability decreases with time due to
osteoclastic activity. It is replaced by biological stability,
which increases because of the osseointegration process.
However, slightly lower and low values of primary stability
are increased by the process of bone remodelling and osseo-
integration * % 182645,
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Primary stability of 1SQ values of 55 and below, could
be considered as a warning sign in order to increase the sta-
bility of the implant (wider implant diameter) and time for
osseointegration %',

Resonant frequency analysis is the most objective and
reliable method of measuring the lateral micromobility of an
implant during any stage of implant therapy “ 2 It is
clinically proven that implant stability plays an important
role in the future treatment and provides an insight into the
outcome of implant therapy . The ability to determine the
level of implant stability in different stages of treatment is
not only necessary, but an important source of information
for further proceedings in therapy ™ .

Implant stability determines the loading protocol: im-
mediate implant loading with low primary stability would
jeopardize the result of implant therapy. In such a case, a
conventional (late) loading protocol is recommended. On the
other hand, when primary stability is high, immediate load-
ing protocol could be performed.

Implant stability could also give information on possi-
ble implant unloading. Sennerby and Meredith * suggest that
implant stability determines adequate time to replace imme-
diately loaded temporary prosthesis with permanent. Low
values of secondary stability can suggest that the implant has
been overloaded with possible failure. In that situation un-
loading of the implant could help in stability regaining (Fig-
ures 3 and 4) 1 %4246,
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Fig. 3 — Assessment of actions regarding implant stability
during the time, drawn by Dr. Filip Ivanjac, inspired by
Sennerby et al. 2,
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Fig. 4 — Risk behaviour regarding of implant stability and

time, drawn by Dr. Filip Ivanjac, inspired by Sennerby et
al. %

A period of 2 to 4 weeks after implant placement is re-
ferred as “critical”. In that period implant stability reduces. It
is a transient period between the primary and secondary sta-
bility % *" (Figure 5). Osteoclastic activity leads both to bone
resorption and primary stability reducing. Decrease in im-
plant stability is created by the weakened bone which is par-
tially absorbed. The bone integrity was compromised by im-
plant placement after which remodelling occurs®’.

— = secondary stability new bone

u ——— DIP period total stability

1] 1 2 3
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Fig. 5 — Implant dip period, drawn by Dr. Filip Ivanjac,
inspired by Sennerby et al. %,

Bone remodelling occurs on the third day after implan-
tation. Adequate stabilization and mineralization of newly
formed bone takes place about 160 days after beginning of
bone remodelling. Time for complete bone mineralization is
up to 12 months ***,

Clinical success of endosteal implants depends on op-
timal relation of implant-bone interface. A direct connec-
tion of the entire surface of the implant and surrounding
bone tissue cannot be obtained. Root-shaped implants ob-
tain the best results, where direct bone-implant connection
is achieved in 56-85% of implant surface “®. Furthermore,
root-shaped implants have better force distribution on peri-
implant tissue, and cylindrical implants show the highest
primary stability values *’. Cylindrical shape implants show
the average 72 I1SQ, while tapered implants show slightly
lower values on the average of 68 ISQ, depending on the
system 2% %',

Conclusion

Resonant frequency analysis is probably the most ob-
jective and reliable method of measuring implant micro-
mobility in various stages of implant therapy. Implant sta-
bility is clinically proven to play an important role in the
efficiency of treatment, providing the insight into implant
therapy outcome.

Implant therapy success depends on biomechanical sta-
bility factors data. Good implant stability reduces the risk of
failure. Recent researches have shown that high values of
resonant frequency analysis indicate therapy success with a
minimal probability of failure.

On the other hand, low values of resonant frequency
analysis point to possible complications, such as loosening of
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the implant, peri-implantitis and poor distribution of force in
the surrounding tissue. Since implants failure is often associ-
ated with biomechanical factors, assessment of implant sta-
bility gives a valuable information. High values of resonant
frequency analysis, as well as adequate surgical implantation
technique and implant system chosen, could guarantee pre-
dictability of implant supported restoration. Generally, the
values of implant stability quotient below 55 or 45 (regard-
ing different implant systems) can be taken as a warning for
primary stability. In order to increase stability, for example,
using of wider and/or longer implant or particular bone con-
densing techniques could be helpful. A low resonant fre-
quency analysis value in osseointegrated and loaded im-

plants, indicates both disintegration and consecutive resorp-
tion of bone tissue around the implant.

Implant stability measuring using resonant frequency
analysis is a modern, non-invasive and a relatively precise
technique, which provides both information on implant sta-
bility in the bone and a reliable guidance to further course of
implant therapy.
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