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ABSTRACT

Implant stability can be defined as an absence of clinical
implant mobility and consists of primary and secondary implant
stability. It has been recognised as one of the most important
and useful factors when it comes to predicting implant
anchorage. Primary stability includes the mechanical
attachment of an implant in the surrounding bone at the
insertion, whereas secondary implant stability is the tissue
response to the implant and subsequent bone remodelling
processes. It is known to be a crucial factor for successful
osseointegration of dental implants. There is sufficient evidence
to accept a positive correlation between primary implant
stability and implant success, as the success relies on the
sustainable integration of the implants into hard and soft tissues.
This review extensively focuses on different factors affecting
primary stability such as implant design and characteristics,
bone quality and methods to measure implant stability.

KEYWORDS: bone density, dental implants, implant stability,
osseodensification, osseointegration.
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INTRODUCTION

Dental implants are highly sort treatment options for
reconstructing and rehabilitating partial or completely
edentulous jaws. Literature shows dental implants have
been highly successful treatment modality for several
decades. Patients seeking dental implants for restoration of
lost tooth have become higher in the past 30 years. The
number of implants placed every year is increasing
exponentially because the cumulative mean implant success
rate is 89.7% * 10.2% after a mean post functional loading
period of 15.7 years'.

But Failure is inevitable in any surgical situation, and dental
implants are not an exception. Dental implant failure can be
broadly divided into early and late failures. Early implant
failure occurs usually within first three or months after the
placement of implants and before the insertion of abutment
or the crown. This undoubtedly affects the primary implant
stability. Late implant failures are expected to occur after
the prosthetic fixtures have been placed and the implant
have been loaded for a period of time. The implant failure
rates vary.1.2 to 3% fail during early stages and 0 to 1.8%
during late stages. It appears that early failure is more
common than late failures®.

One of the most important factors in preventing early
implant failure is maintenance of Implant stability. Implant
stability mainly depends on the design of the implant (micro
and macro), surgical technique used for the placement of
implants and the bone (Quality and quantity). This narrative
review discusses on various factors influencing the primary
implant stability, and the techniques and factors to enhance
the same®.

IMPLANT STABILITY

Osseointegration is the direct structural and functional
connection between living bone and the surface of a load
carrying implant. It is a quite complex process which
involves continuous bone apposition and remodelling at the
bone-implant interface. For the success of osseointegration
implant stability which is a prerequisite. Implant stability
occurs in two stages: primary and secondary.

e PRIMARY STABILITY:

Primary stability refers to the initial mechanical stability at
the time of implant placement. Initial stability of an implant
is due to the mechanical anchorage into the surrounding
bone; it is assessed by the contact area between the body of
the implant and the bony site. When there is micro motion

present around the implant, it not only compromises the
primary stability of the implant but also impairs the
osteointegration of the implant.

e SECONDARY STABILITY:

Secondary stability is a biological form of stability through
bone regeneration and remodelling at the implant-tissue
interface. It depends on the implant healing process,
implant surface condition and also primary implant
stability. Total implant stability is a measure of both
primary and secondary implant stability*.

FACTORS THAT AFFECT PRIMARY IMPLANT
STABILITY:

Various studies have been performed to assess factors
which contribute to primary implant stability. (Fig 1)
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Fig 1:Factors affecting Primary Stability

BONE QUALITY AND QUANTITY:

A strong correlation exists between primary implant
stability and bone density. Higher implant stability is found
in dense cortical bone (type 1) of mandible than in porous
cancellous bone (type IV) of maxilla as inferred by the
following studies.

In an in-vitro study by Kashi et al, implants were placed in
polyurethane composite bone blocks of different bone
quality as classified by Carl Misch. The success of an
implant depends on the ISQ (Implant stability quotient)
value. 1SQ value of 60-70 indicates better implant stability
and values less than 45 indicates poor stability. They found
that higher implant stability values of 1SQ in Type Il bone
(55.23 - 62.1) than in Type IV bone of (52.03-54.38) °.
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Stefan rues et al , in an invitro study assessed the effect of
bone quality and quantity on the primary stability of dental
implants in a pig scapulae using micro-computed
tomography. They concluded that primary implant stability
was not dependent on the total bone thickness but correlated
with increasing bone mineral density or overall cortical
bone thickness®.

IMPLANT DESIGN:

Implant design modifications have been made for achieving
better implant stability. The tapered dental implants have
replaced the cylindrical and parallel designs. These tapered
implants are highly esthetic and produces a degree of
compression of cortical bone in deficient sites which
increases primary stability.

Markovic et al compared self-tapping and non-self-tapping
implants and showed that both type of implants had
increased initial primary stability but higher stability was
seen in self-tapping implants’.

With different thread depths and at the cost of increased
thread exposure analysed their clinical outcomes over a
one-year period. They concluded that, given the same bone
quality and the same bone site preparation, implant
insertion is easier when using a reduced thread depth while
implants with a larger thread diameter need higher insertion
torque values to reach greater primary stability®.

IMPLANT SURFACE MODIFICATION

Primary stability of the implant also depends upon the
surface characteristics of the Implant. These changes can
be brought by an additive surface treatment (Titanium
plasma spraying, Hydroxy apatite coated surface),
Subtractive surface treatment (Blasting with titanium
oxide/aluminium oxide, acid etched surface) or modified
surface treatment (Laser induced roughened surfaces, lon
implantation and oxidized surface treatments). All these
modifications bring roughened implant surface which have
a large surface area that provides a better bone implant
interface than a machined implant.

Franchi et al conducted a study to evaluate the effect of acid
etched and sand blasted implant surface treatment on
osteointegration. The histomorphometric analysis of bone to
implant contact (BIC), bone ingrowth and bone surface
showed that acid etched and sandblasted implant surface
promoted osteointegration by increasing the growth and
metabolic activity of osteoblast. Their study showed that the
osteocyte acted as a microscopic scaffold for mesenchymal

and osteoblast like cell adhesion. This enhances peri-
implant osteogenesis’.

Recently a study conducted by Fei Sun et al evaluated the
effect of alkali storage solution on SLA treated implants.
Among the three study groups (Group 1 sandblasting acid
etching (SLA), group 2 oxidation (SLA which is oxidised)
and group 3 storage groups (SLA samples that were
oxidized and stored in 0.1 mol/L NaOH solution) SLA
implants stored in alkali medium maintained the surface
characteristics of plasma oxidation showed better primary
stability than other groups™®.

LOADING TIME

Simunek et al evaluated the gain in stability of implants
placed in different quality of bone after immediate loading.
Based on primary stability the study groups were divided
into three group L Low (ISQ 68), group M Medium (ISQ
68 t072), and group H High (1SQ 72). After 10 weeks it was
noted that implants with low and medium primary stability
showed a significant gain in RFA values, whereas on the
contrary the higher group which had a good stability earlier
saw a decline in RFA values over time™.

Many studies on the effect of loading time and primary
stability have inferred that lower stability values were seen
in one staged and immediately loaded implants but the
stability increases after 3 months because of bone healing
and remodeling.

METHODS TO IMPROVE PRIMARY IMPLANT
STABILTY

Implant stability can be enhanced by optimum preparation
of the implant bed. Several techniques have been proposed

(Fig 2)
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Fig 2: Methods to Improve Primary Implant Stability

Summers Osteotome Technique

It uses lateral bone condensation technique where a series
of osteotomes were tapped into the implant site after the
pilot drill. This lateral compaction results in denser bone
and thus provides better primary implant stability than
conventional technique

Under Sizing Drilling Technique

Maximum bone volume is preserved and bone density is
enhanced by undersize drilling technique the implants are
inserted using smaller diameter drills in the underprepared
osteotomy site, which aids in translocation of osteogenic
bone fragments on the implant surface and promotes bone
healing and remodelling. Fewer studies state that 10%
undersized preparation provides additional stability to the
implants whereas in a recent systematic review, it was
concluded that undersized drilling is effective in increasing
implant insertion torque and implants inserted with 26%
undersized protocol reached significantly higher insertion
torque.

Jayant et al (2020), in his systematic review compared
undersized drilling and conventional drilling technique. The
use of undersize drilling was more advantageous in
increasing initial implant stability in the low-density bone.
Although the Primary Implant Stability may be lower in
conventional drilling technique, the secondary implant
stability was found to be increased?.

Osseodensification technique:

Similar to traditional osteotome technique
Osseodensification simultaneously compacts and autografts
the bone tissue in an outward expanding direction without
creating trauma. The main feature of the osseodensification
burs is it rotates in counter clockwise direction and in a
noncutting motion thereby condensing the bone along the
walls of the implant bed.

In a systematic review by N.M. Padhye et al., they analysed
12 studies and claimed that osseodensification method
increased the insertion torque from 25Ncm for implants
placed using standard drilling technique to 49 Ncm in low
density bone. It was also noted that if osseodensification
attributed to the viscoelastic nature of the bone causing
spring back effect of the bone creating compressive
forces™.

Inchigolo A.D., (2021) in his recent systematic review
resulted in 19.4% higher bone implant contact than
conventional and Summer’s Osteotome technique™.

Bicortical fixation:

This technique uses longer implants to engage 2 layers of
cortical bone. It includes cervical crest and the sinus or
nasal floor cortex or lower border of anterior mandibular
cortex. Though it is a simpler and economical technigue, it
is not used nowadays because primary and secondary
implant stability of bicortical fixation was not more
superior when compared to unicortical fixation and indirect
sinus elevation.

METHODS TO MANAGE IMPLANTS WITH LOW
OR NO PRIMARY IMPLANT STABILITY

e If the primary implant stability is not achieved by
the planned implant, a longer or a wider implant
with aggressive thread deign can be used to engage
bone and enhance the stability

e Addition of bone grafts to the jumping distance of
the immediate implants provides wedging effect to
the implant and prevents any micro motion during
healing

e In soft trabecular bone, submerged implants with
primary closure of the flap were preferred along
with prolonged healing time to avoid micromotion
of the implant and promote adequate
osseointegration.
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e The implant placement should be aborted if the
above-mentioned methods cannot attain a stable
implant in a prosthetically driven position®.

METHODS TO MEASURE IMPLANT STABLITY

Objective measurement of implant stability helps the
surgeon to decide about the protocol and the treatment
methods for each case. There are various methods to
evaluate implant stability*. They are (Fig 3)

Methods

Invasive/destructive

*Histologic/histomorphologic analysis
*Tensional test

*push-out /pull out test

\ *removal torque analysis

Non invasive/nondestructive

* Imaging Techniques

» Cutting Torque Resistance (CRA)
* Insertion Torque Measurement
*Reverse Torque

¢ Periotest

» Resonance Frequency Analysis (RFA): Electronic
Technology

+ Magnetic Technology

Fig 3: Methods to Measure Primary Implant Stability

INVASIVE/ DESTRUCTIVE METHODS
Histologic/ Histomorphologic analysis

It is used to measure the bone implant contact (BIC) and
peri-implant bone quantity using dyes around implant,
though it gives us accurate measurements it is not followed
because of its invasiveness'.

Tensional test

Tensional test was earlier assessed by detaching the implant
from the supporting bone. It was later modified by
Branemark by applying the lateral load to the implant
fixture. However, this method is not pursued because of the
difficulties in translating the test results to any area
independent of mechanical properties™.

Push-out/pull-out test

This test investigates the healing capabilities at the bone
implant interface. It measures interfacial shear strength by
applying load parallel to implant-bone interface which is
assessed during the healing period. As it is technique
sensitive it can be Applicable to only non-threaded
implants®’.

Removal torque analysis

In removal torque analysis, when the reverse or unscrewing
torque is more than 20Ncm it is considered as stable
implant but the major disadvantage in this technique is the
fracture of abutment connection with the implant surface.
So, this test is limited only on preclinical applications®.

NON-INVASIVE/NON-DESTRUCTIVE METHODS
FOR ASSESSING IMPLANT STABILITY

Imaging techniques

Imaging techniques are used to assess the health of the
implant by evaluating the bone quantity and quality
changes. Computer assisted measurement of crestal bone
level change are proved to be the most accurate
radiographical information. The main advantage of Cone
beam CT is that it allows us to measure bone implant
contact and bone density around the implants immediately
after placement™.

Cutting torque resistance analysis (CRA)

It is measured during low-speed drilling by controlling the
hand pressure. It measures the amount of unit volume of
bone removed by an electric motor. CRA gives a more
objective assessment of bone density but the bone quality
information cannot be assessed until the osteotomy site is
prepared”.

Insertion torque measurement

The most common method of assessing the bone quality
during implant placement is the insertion torque values. It is
an independent measurement for primary stability but it
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cannot assess the secondary stability by new bone
formation. An increase in insertion torque may highlight an
increase in primary stability".

Reverse torque test

To evaluate the secondary stability of the implant Roberts et
al proposed reverse torque test. Implants that rotate when
reverse torque is applied indicate that Bone Implant Contact
(BIC) could be destroyed. If this test is performed it might
itself lead to the failure of the implant because of the stress
applied during torquing®.

Periotest

Periotest measure the mobility of an implant to a defined
implant load by assessing the reaction of peri-implant tissue
indeed periotest was primarily introduces to measure the
damping characteristics of periodontal ligament thereby
assessing the mobility of natural tooth it has an
electronically controlled and electromagnetically driven
metallic rod in an hand piece. Periotest value range from —§
(low mobility) to +50 (high mobility) *.

Resonance frequency analysis

RFA measures implant stability and bone density at various
time points using vibration and a principle of structural
analysis. It starts with a low frequency and increases the
pitch until the implant starts resonating. Stronger bone
implant interface is indicated by high frequency resonance.
Currently, Wireless RFA gadgets have been developed.

Electronic Technology Resonance Frequency Analysis
(Osstell™)

Osstell was the first commercially available device for
measuring implant stability it combine the transducer,
computerised analysis and the excitation source into one
machine. It translates the resonance frequency ranging from
3000 to 8500 Hz as the implant stability quotient 0-100
which is the measurement unit used in this device®”.

Magnetic Technology Resonance Frequency Analysis
(Osstell™ Mentor)

The transducer has a magnetic peg which is activated by
magnetic resonance frequency probe. It vibrate sand
induces electric volt sampled by the magnetic analyser and
the values are expressed in terms of 1SQ 0-100. But this
method is technique sensitive and expensive and requires
high clinical skill otherwise the measured values will be
affected®.

CONCLUSION:

For successful osseointegration, the micromotion of
dental implants should not be beyond 50 — 100p during
implant placement.  This narrative review emphasizes
beyond doubt that primary stability is one of the cardinal
factors to determine the longterm stability.

Though higher primary stability is attained in D1 cortical
bone when compared to D3 or D4 cancellous bone, clinical
success of implants in compromised sites is achievable by
adapting to novel techniques and implants designs.
Symmetrical, spiral-shaped threads, and micro rings at the
cervical part of implants are being preferred as it enhances
contact with surrounding cortical plate. Oxidised
sandblasted — SLA implants increased the bone implant
surface contact by encouraging migration of osteocyte to
the implant surface.

Thus the present concept of Osseodensification is a
promising alternative to conventional technique in
compromised sites. It overcomes the complexity of various
other treatment modalities available to achieve primary
stability of implants.
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