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Abstract 
 
The dental implant is currently the treatment of choice for dental restoration in edentulous patients. The success of 
implantation is represented by the dental implant osseointegration. An important indicator of osseointegration is the 
primary stability (represents the direct mechanical contact between the dental implant and the bone tissue) and 
secondary stability (appears when regenerative processes and bone remodeling around the implant occur). The gold 
standard for determining the stability of the implant is histomorphometric analysis, this being a direct and objective 
method. The method is mainly used in experimental animal studies. Currently, non-invasive methods are used to 
monitor human subjects. They have the disadvantage that they are indirect methods (e.g.: radiography, cutting torque 
test, periotest) or they are subjective (e.g.: Percussion test). Till now, no universally accepted non-invasive method has 
been discovered to directly and objectively quantify the stability of the dental implant. 
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INTRODUCTION 
 
Currently, the dental implant is the treatment of 
choice for dental restoration in edentulous 
patients (Antonio et al., 2011). The success of 
implantation is represented by the ability of 
osseointegration of the implant in the body 
(Satwalekar et al., 2015).  
Branemark and associates first promoted, in 
1969, the concept of osseointegration, defining 
it as the direct structural and functional 
connection between living bone tissue and the 
implant surface (Branemark, 1985), and in the 
following years they published study reports on 
dental implants and osseointegration 
(Branemark, 2001). 
In 1987 Albrektsson and Jacobsson stated that 
tests are generally used to indicate, not to verify, 
the osseointegration process.  
Several factors participate in the 
osseointegration process, each of them having 
an important role. These factors refer to: the 
type of implant and its external architecture, the 
roughness of the implant, its surface or coating, 
the biocompatibility of the implant, the 
mechanical properties and physical 
characteristics of the implant, the place of 
insertion of the implant, the quality and 

quantity of bone in which the implant will be 
inserted, the surgical technique, long-term 
implant maintenance (Parithimarkalaignan & 
Padmanabhan 2013) 
The stability of the implant has an important 
role to assure the success of implantation and 
osseointegration.  
Two stages of implant stability can be iden-
tified: primary stability and secondary stability 
(Sennerby & Meredith, 1998) (Table 1).  
 

Table 1 - Factors that may influence the stability of the 
dental implant 

Type of stability Factors 

primary  
stability 

- bone quality  
- the surgical technique  
- the design and the surface of 

the dental implant (the external 
architecture, the material, the 
length, the diameter, the 
surface characteristics of the 
dental implant) 

secondary  
stability  

- primary stability 
- the surface of the dental 

implant 
- the reactivity of the 

peri-implantar tissue 
 
Primary stability refers to the lack of mobility 
when establishing the mechanical contact 
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between the implant and the bone cortical area 
and depends on certain factors such as: bone 
quality, surgical technique, the implant design 
and the surface of the implant (the external 
architecture, the material, the length, the 
diameter, the surface characteristics of the 
implant) (Sennerby et al., 1991, Quesada - 
Garcia et al., 2009, Konstantinovic 2015).  
Secondary stability occurs when regenerative 
processes and bone remodeling around the 
implant occur. Secondary stability usually 
refers to a period of 3-6 months postimplant-
tation, although the response of peri-implantar 
tissue to the trauma produced can take place 
over a period of up to 18 months (Sennerby & 
Meredith, 1998; Huang et al., 2002; Nedir et al., 
2004; Lang, 2007). Secondary stability depends 
on factors such as: the primary stability, the 
implant surface and the reactivity of the 
peri-implantar tissue which takes into account 
the period of bone remodeling and healing 
(Cannizzaro et al., 2007; Huwiler et al., 2007; 
Atsumi et al., 2007). 
Liubavinac- Hack N. and colab. and L. Molly 
appreciate that primary stability is essential in 
determining secondary stability and further in 
determining the correct operating time of the 
implant (Lioubavina et al., 2006; Molly, 2006).  
It is important that in order to predict the 
long-term evolution of osseointegration, the 
stability of the implant can be quantified at 
certain periods of time, by measurable 
procedures. (Atsumi et al., 2007). 
In order to be able to clinically evaluate the 
patient, certain mechanical indicators of 
implant stability and less histological criteria 
are used (these being used especially in animal 
studies being the gold standard for determining 
osseointegration), as stated by Meredith, in 
1998 (Meredith, 1998).  
This article aims to analyze/expose/identify 
invasive, non-invasive methods that can 
directly or indirectly demonstrate, subjectively 
or objectively, the presence of the phenomenon 
of osseointegration. 
 
METHODS OF EVALUATION OF THE 
IMPLANT STABILITY 
 
Currently, both invasive and non-invasive 
methods are used to determine osseointegration. 
(Swami et al., 2016) as listed in Table 2. 

Table 2 - Methods used in assessing implant stability 

Invasive methods Noninvasive methods 
1. histomorphometric 

analysis 
2. tensional test 
3. push-out/pull-out test  
4. removal torque test 

(RTT) 
5. circularly polarized 

light microscopy 
6. reverse torque test 

/implant loosening 
test 

1. the implantologist's 
perception 

2. percussion test 
3. radiographic analysis 
4. cutting torque 

resistance analysis 
(CRA) 

5. periotest  
6. resonance frequency 

analysis (RFA)  
7. insertion torque 

resistance 
measurement 

8. measurement of the 
lateral mobility 

 
Invasive methods  
Invasive methods refer to a series of tests 
generally performed on experimental animal 
model, some of these tests being rarely used on 
human patients due to the invasiveness of the 
method. (Atsumi et al., 2007; Brunski, 2006).  
Histomorphometric analysis - represents the 
gold standard for determining the stability of 
the implant. The method consists of biopsy of 
bone tissue and microscopic examination by 
specific techniques. 
Currently it is made only on experimental 
animal model. For human patients, this method 
is no longer accepted due to the invasive nature 
necessary to perform the biopsy that provides 
data on the stability of the implant (Kastala 
2018). 
Tensional test - at the beginning, the 
measurement was performed by detaching the 
implant from the bone support in which it had 
been inserted. Afterwards, the methodology 
was modified, applying lateral loads on the 
implant. Even though improvements have been 
made to the method, there are difficulties in 
interpreting the results, these being directly 
influenced by the characteristics of the 
insertion substrate. (Meenakshi et al., 2013)  
Push-out/pull-out test is the method that 
evaluates the healing capacity of bone tissue at 
the interface with the cylindrical implant 
without a threaded surface (Brunski, 2006). It is 
a method that measures shear strength by 
applying a load parallel to the bone 
tissue/implant interface (Meenakshi et al., 
2013).  
Removal torque test is the method that was 
proposed by Roberts and his collaborators in 



135

1984, and will later be developed and 
experimented by Johansson and Albrektsson 
(Atsumi, 2007). The method consists in 
removing the implant after the healing period to 
determine osseointegration (Atsumi et al., 
2007).  
Sullivan et al., have speculated, following their 
experiment, that any removal torque value 
(RTV) above 20Ncm may indicate implant 
osseointegration (Sullivan et al., 1996). This 
method is limited to animal studies (Atsumi et 
al., 2007). 
Circularly polarized light microscopy can 
provide information about the inorganic and 
organic structure of different materials, 
information that cannot be provided by other 
methods (Bromage et al., 2003).  
A number of studies use this method on an 
experimental animal model to evaluate 
osseointegration in the early stages of 
osseointegration (7, 21 and 42 days), following 
the collagen fibers orientation patterns. A 
certain type of orientation of these fibers has 
been observed which at a certain moment may 
indicate the maturation of collagen fibers and 
the increase of bone resistance in the 
peri-implantar area (Munhoz et al., 2015) 
Reverse torque test/ implant loosening test 
was the most commonly used method to 
measure the secondary stability of the implant. 
Implants showing mobility during this test 
should be considered for removal. This method 
is no longer used, as testing can lead to 
microcracks at the implant interface with the 
bone, which can lead to implant loss. (Sullivan 
D.Y. et al., 1996). 
 
Non-invasive methods 
Non-invasive methods are used in the clinical 
evaluation of human subjects (Gupta & 
Padmanabhan T.V., 2011; Meredith, 1998). 
The implantologist's perception it is a simple 
method of assessing primary stability. It is 
based on the implantologist’s perception when 
he inserts the implant. It has the disadvantage 
that it is a subjective method related to the 
surgeon's experience. The method cannot be 
reproduced or quantified (Swami et al., 2016). 
Percussion test consists in evaluating the 
tonality of the sound emitted by touching a 
metal object by an inserted implant or by an 
abutment attached to the implant. 

The method has proven to be ineffective as it is 
a subjective method that depends entirely on 
the human factor performing the test and does 
not have the ability to consistently discriminate 
sounds based on specific criteria. (Meredith, 
1998; Al-Jetaily & AlFarraj Al-dosari, 2011).  
Radiographic analysis is the most widely used 
non-invasive method. It can be used at any 
stage of post-implant healing and is useful to 
observe the lesions that may occur following 
implantation, but also to evaluate quantitatively 
and qualitatively the peri-implantar bone tissue. 
(Da Cunha, 2004).  
The disadvantages of the method are 
represented by: visibility limitation in the case 
of conventional panoramic exposures, distor-
tions of the radiographic image, bone loss at the 
interface with the implant is identified late (Da 
Cunha, 2004) and cannot accurately indicate 
the stability of the implant (Atsumi et al., 
2007). 
Another commonly used method is computed 
tomography. The method is used for planning 
the implantological treatment, determining the 
bone density, identifying the local pathological 
processes, but also for following the osseoin-
tegration (Ritter et al., 2014; Wang et al., 2013). 
Regarding to cutting torque resistance 
analysis (CRA), the method was developed by 
de Johansson and Strid and later improved by 
Friberg. The amount of unit volume of bone 
removed by current fed electric motor and is 
measured by controlling the hand pressure 
during drilling at low speed. This energy is 
correlated with bone density and primary 
stability. It has the disadvantage that it cannot 
assess secondary stability or the potential for 
implant loss.  
Periotest is a type of device developed to be 
able to quantitatively measure the movement of 
the tooth. Subsequently, the manufacturer 
recommends the use of this device to measure 
with high precision the mobility of the implant 
in the situation where no problems identifiable 
by radiological examination were detected 
(Drago, 2000). 
The values recorded by the periotest depend 
directly on the characteristics of the 
peri-implantar tissue (bone, if the implantation 
was successful, or fibrous tissue, if the implant 
is compromised). The disadvantage of this 
method is given by the fact that the value 
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obtained is correlated with the direction and 
position of the excitation determined by the 
device (Tricio et al., 1995). The value of the 
read parameters sometimes differs from the real 
value of the existing biomechanical parameters 
(Caulier et al., 1997; Derhami et al., 1995). 
Resonance frequency analysis (RFA) is one 
of the most commonly used methods in 
assessing the stability of the dental implant, 
being considered a non-destructive and 
non-invasive method (Meredith et al., 1996; 
Feng et al., 2015).  
This method uses the principle of vibrations. 
The interpretation of the recorded response is 
based on the assumption that the resonant 
frequency is directly related to the rigidity of 
the bone-implant interface and the surrounding 
tissue (Zanetti et al., 2018).  
Basically, the method targets 3 variables: 
implant rigidity/stability, implant/bone 
interface rigidity and peri-implantar bone tissue 
rigidity (Bavetta et al., 2019). 
The higher the frequency resonance, the 
stronger the implant bone interface, indicating 
osseointegration (Satwalekar, 2015). Over time, 
obtaining low values may be associated with 
marginal bone loss and/or implant mobility, 
most often indicating the possibility of implant 
loss (Friberg et al., 1999; Barewal et al., 2003; 
Sjostrom et al., 2005; Lundgren et al., 2004). 
Thus, by this method, the implants with risk of 
loss can be identified, but it can be considered as 
a method that indicates if the stability of the 
implant allows the subsequent prosthesis. 
(Gallucci et al., 2004; Glauser et al., 2004; 
Meredith et al. 1997; Kramer et al., 2005). 
Resonance Frequency Analysis (RFA) is 
affected not only by bone tissue characteristics, 
but also by the effective implant length, 
diameter, and surface characteristics. This is the 
reason why no established normative base on 
RFA is available yet (Zanetti et al., 2018). 
Insertion torque resistance measurement is 
the method that measures the torsional 
resistance that occurs during implantation. 
Torque resistance during implantation depends 
on dental implant characteristics (implant 
material, surface, architecture) and on bone 
tissue characteristics (resistance and density) 
(Ostman P., 2005; Boronat-Lopez A. et al., 
2006; Konstantinovic, 2015).  

A disadvantage of this method is that its result 
is influenced by the type of implant and the 
amount of fluid in the insertion pocket at the 
time of implantation. Also, the method does not 
take into account the force with which the 
implant is inserted (Ostman P. et al., 2005; 
Boronat-Lopez A. et al., 2006). 
Measurement of the lateral mobility applies 
to implants that may show a rotational 
movement, but which are stable to lateral 
movement (buccal-lingual or mesial-distal) and 
may have a favorable prognosis in terms of 
osseointegration (Konstantinovic et al., 2013; 
Sennerby et al., 2002). 
Research and development methods 
Further methods are being researched and 
constantly developed that can demonstrate, 
directly or indirectly, the presence of the 
osseointegration phenomenon. These methods 
include: Implatest conventional impulse testing, 
Highly nonlinear solitary waves method, 
Electro-mechanical impedance method and 
Micro motion detecting device. 
 
CONCLUSIONS 
 
The experimental animal model is indispen-
sable in studies in the field of implantology 
because they allow in-depth cellular research 
that cannot be performed on human subjects 
due to the invasiveness of the research methods 
involved. 
The newly discovered methods are initially 
tested on animal models and will be tested on 
human subjects after demonstrating their safety 
and efficiency.  
So far, no universally accepted non-invasive 
method has been discovered to directly and 
objectively quantify the stability of the dental 
implant.  
A non-invasive, fast, simple test to quantify 
implant osseointegration and stability is 
extremely necessary in current implantology. 
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