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editorial

Every day, bone biology supports clinical practice and implants are improved to 

optimize the relationship with the tissues, cells and molecules. As an example, 

there is a series of works by Márcio Borges Rosa, Tomas Albrektsson, Carlos 

Eduardo Francischone, Humberto Osvaldo Schwartz Filho and Ann Wenner-

berg on the micrometric characterization of surfaces.

The osteocyte increasingly assumes the role of primary cell or element of fun-

damental importance in the regulation of bone biology, as it is discussed in the 

section Explanations and Applications. On the other hand, the role and impli-

cations of BMP in Implantology were explored in Ask the Expert section, with 

“Guidelines for clinical use of BMP”.

The present edition is characterized by the variety of information-rich works, 

applied to the clinician and clinical practice. Plus, to the delight of the eyes and 

induction to reflections, we have a picture of the Image and Science section and 

the selectivity of the Observatory on literature.

In the III International Congress of Implantology, from September 13th to 15th, 

we will live with many of our collaborators revealing closely their latest findings 

and discuss them with experts and other researchers. It will be a great oppor-

tunity to experience this scientific environment. In late May, we’ll also have 

the II Regional Meeting of Osseointegration to attend in Salvador. This meeting 

represents a preamble, with its theme on Osseointegration Scientific Evidences: 

Paradigms and challenges.

Let’s enjoy this!

Carlos Eduardo Francischone  and Alberto Consolaro

Editors

Prof. Dr.
Carlos Eduardo 
Francischone

Prof. Dr.
Alberto Consolaro
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Carlos Nelson Elias
Historically, and by definition, Dentistry is a profession belonging to the health sciences, which takes care of human health, 

studies and treats the stomatognathic system, comprising the face, neck and oral cavity, including bones, masticatory muscles, 

joints, teeth, tissues, vessels and nerves.

Engineering is a profession that is part of the exact sciences, to acquire and apply mathematical, scientific and technical 

knowledge in the creation, development and implementation of utilities, such as materials, structures, machines, devices, systems 

or processes that perform a particular function or purpose. In creation processes, development and implementation, Engineering 

combines many expertise in order to enable the utilities, taking into account society, technology, economy and environment.

As in Dentistry, Engineering is also a very comprehensive science, comprising a range of more specialized branches, each 

one with a more specific emphasis on certain fields of application and certain types of technology.

In Brazil, over the past 20 years of osseointegration, it has been observed a marked and growing association between these 

two distinct areas, making Dentistry and Engineering to exchange information and use cross-terminologies to name, define and 

better understand some classic phenomena widely studied in literature.

Dental Press Implantology brings to this interview one of the greatest scholars, competent professional and responsible for 

this healthy interaction: The Metallurgical Engineer, MSc and PhD in Materials Science from the Military Institute of Engineering 

(IME), a scientist and researcher, Prof. Dr. Carlos Nelson Elias. He discusses various issues related to the Brazilian Dentistry 

and contemporary Implantology, where he has played an important role and still participates decisively in the development of 

materials, designs and surfaces of implants used in the national market. An enlightening exhibition revealing the great history 

of osseointegration in Brazil.

He is, currently, an Associate Professor of IME, twice selected as “Scientist of the state of Rio de Janeiro” (2004 and 

2008), a researcher at the Research Foundation of the State of Rio de Janeiro (FAPERJ) and fellow researcher level 1C of the 

National Council for Scientific and Technological Development (CNPq). Dr. Carlos Nelson Elias is also collaborator of the 

courses of Orthodontics – UFRJ, Endodontics – UERJ, Metallurgy – UFF and Endodontics – Estácio de Sá. He has experience in 

Metallurgy and Materials Engineering, with an emphasis in Physical Metallurgy, working on coronary stents, dental materials, 

development of dental implants, surface modification of dental implants, endodontic instruments, orthodontic appliances, 

coloring of titanium and simulation.

Our interviewee has 185 articles published in scientific journals, one book, 17 book chapters, 230 papers presented at 

national and international conferences, 40 from MSc and 14 from PhD. Consultant of the journal Acta Biomaterialia, American 

Journal of Orthodontics, Clinical Implant Dental Research, Implant News, Indian Journal of Dental Research, Journal of 

Biomedical Materials Research Part B, Journal of Mechanical Behaviour of Biomedical Materials, Journal of Nanomedicine, 

Materials Research, Materials Science and Engineering: C, Revista Brasileira de Engenharia Biomédica, Revista Gaúcha de 

Odontologia, Surface and Coating Technology. Besides having a patent application in the Brazilian PTO, related to the surface 

treatment of implants.

With this vast experience, it is common to hear in the background of the Brazilian Implantology that the recognized 

researcher and professor Dr. Tomas Albrektsson (University of Gothenburg) is to Sweden and to the world as respected as the 

researcher and professor Dr. Carlos Nelson Elias (Military Institute of Engineering – IME) is to Brazil and to the world. Science 

and research are thankful to them!

Luiz Rogério Duarte

Submitted on:03/23/2012
Reviewed and approved: 03/26/2012

How to mention this section: Elias CA. Interview. Carlos Nelson Elias. 
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Your basic graduation is in Engineering. 
What is the sub-area and how did you began 
working with Dentistry?

My graduation is in Metallurgical Engineering with MSc 

and PhD in Materials Science.

After the doctorate (1990) I was invited to be a teacher 

in the Militar Institute of Engineering (IME) and minister 

the discipline “Failure analysis of materials”. At the end 

of this course, students presented an experimental 

work. When defining the work for the students, an 

endodontist came to the IME (Dr Hélio Pereira Lopes) 

with a fractured endodontic instrument. Dr Hélio 

wanted to know the cause of the fracture. I forwarded 

the mission to the best student in the class. My surprise 

was that the explanations and mechanisms involved in 

the failure of the Gates bur were similar to an axis of 

a tank, with a diameter of 2 inches. This intrigued me 

and I did the work myself to check. The conclusion was 

that the failure mechanisms of materials are similar and 

independent of the size of the piece. This happened 22 

years ago and even today Dr Hélio conducts researches 

in the IME every Wednesday.

We got used to hearing comments that you 
are almost a dentist. How do you, Sir, see 
this statement and how did you got used 
to so many different terms from the fields 
of Orthodontics, Implantology and Dental 
Prosthesis?

Being almost dentist is a joke from my friends. Dentistry 

is much more complex than engineering. For example, 

students, when they get in our laboratory to do some 

mechanical testing, they bring 30 samples. It’s hard to 

convince them, as well as their supervisors, that in the 

materials area the “N” is 5. The behavior of materials is 

predictable, while the predictability of the performance 

of the organism involves variables which have no control. 

Here is the beauty of Materials Science, to develop 

biomaterials that have predictable interactions with 

the organism. We are no longer making adjustments 

to the materials used in other areas. The titanium alloy 

itself was developed to another area and is widely used 

as a biomaterial.

As for the different terms, I and Dr Hélio talked over 2 

years without understanding each other. Yet it is still 

difficult to accept some terms like “shear bond strength”, 

“brittle”, “wire gauge” and others.

When did your involvement begin in the 
production of implants in Brazil? What is your 
participation in this governmental policy of 
industrial technical development?

The beginning of my activities in implant was not planned. 

Dr José Henrique Cavalcanti introduced me to Dr Rodolfo 

C. Alba 18 years ago (Conexão Sistemas de Prótese). 

On the occasion, Dr Rodolfo produced prosthetic 

components, wanted to produce implants and had many 

problems with the production process.

The first job was to develop an Au-Pd alloy for screws. 

Using the phase diagrams was possible to select the 

color and chemical composition of the alloy. This 

alloy is still used to make the connection gold screws 

for prostheses. The second work that I received from 

Conexão seemed to me very simple: “Washing implants 

and removing manufacturing oils”. When I started 

studying dental implants I found that the problem 

was complex and the surface could not have any 

contaminants influencing the success of treatment. To 

solve the immediate problem and save some time, we 

used carbon tetrachloride. This material requires a lot 

of care when using it and its use was ceased soon after 

we develop another method, which is used nowadays.
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The first works occurred in an era when the imported 

implants prevailed in the national market. Some 

practitioners had a craft production with low quality. We 

cannot deny that the company Conexão was a major 

responsible for the development of the national market. 

Since the first congresses, there has always been the 

participation and interaction of teachers and users of 

all systems. The goal has always been to “develop the 

national market with quality.”

Considering that Conexão was one of the first companies 

to manufacture implants in Brazil on an industrial scale 

and I participated in this challenge, I admit that I had a 

small part in the development of the market. After my 

participation in the industrial production, they started 

sending me invitations to seminars, conferences and 

participation in ABNT to create the technical standards. 

These activities allowed the transmission of new concepts, 

so far ignored by professionals.

In how many graduation courses do you work 
as a collaborator today? What is your work 
routine at the IME?

I do not know the number of post-graduation courses that 

I cooperate. Many students come to me and I do not know 

their origin. Students showing interest in researching, 

developing scientific knowledge and not just doing a job 

for a diploma will always be welcome.

I work at the IME as a teacher in Biomaterials but I have to 

make many trips to attend courses, seminars, conferences 

and demand of resources for research. In 2011 there were 

34 trips, working about 50 hours / week to monitor 

the work of our dentists students from MSc and PhD in 

Materials Science.

Talking specifically about implants, how do 
you see the quality of evaluation of these 

products by the companies? What methods 
of control does the dentist have on these 
products in terms of market and government?

Firms have great difficulty in the analysis of their products. 

This is due to the lack of qualified laboratories and costs 

of analyzes. Only the best companies make the product 

evaluation for validation and registration at ANVISA. Some 

companies refuse to provide products for studies or they 

do not request proof test, fearing there will be information 

transfer to other companies. Among researchers there is 

an ethic in which the results of the work belong to the 

company concerned and cannot be disclosed without 

permission. Still, when we analyze the implants from 

major national companies we have observed that some 

present similar quality to the imported implants. 

Professionals find it difficult to assess the quality of 

implants since there is the need for electron microscopy. 

Militar Institute of Engineering – Rio de Janeiro, Brazil.
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Indirectly, the quality can be evaluated by the 

product presentation, visual finish, with adaptations 

components, surgical instruments resistance and ease to 

handle. Also, making records and monitoring of patients.

The implant surfaces development is much 
studied by companies in terms of marketing. 
How to assess whether the product really 
works the way it is said?

The surface treatment is one of the parameters used as 

company marketing since it is essential in the selection 

of surgical technique, site of installation and for 

osseointegration. The quality evaluation can be done by 

controlling the rate of success and analysis of causes of 

errors, except the spurious losses due to the product. The 

company itself has an interest in these data.

We know that you have developed a surface 
that has shown excellent results. How was the 
experience and how long did it take to be on 
the market?

The development of surface 

treatments involves in vitro and in 

vivo trials. We begin by selecting 

the treatment methodology 

(acid-etching, abrasive blasting, 

anodizing, particle deposition or 

combination). After obtaining the 

samples of different treatments 

it is made the surface analysis in 

a scanning electron microscope 

(SEM) for selecting the treatment 

conditions that showed the best 

roughness, homogeneity, cavities 

size and other parameters. Based 

on the experience gained over the 

years, through the SEM image it is 

possible to know whether a particular surface have or 

not properties suitable for osseointegration. Following, 

we cultured cells (osteoblasts, fibronectin, etc.). The 

last step requires the cooperation of surgeons to animal 

testing. We repeated the tests with guinea pigs at least 

3 times to guarantee the results. The development takes 

about 5 years. The last phase is the clinical proof which is 

controlled by the company. At the end of all this process, 

comes the frustration knowing that another company 

made the commercial launch already.

You are a senior researcher of CNPq. What is 
the importance of this fact in your research? 
Do you, Sir, have had support in this regard?

I am a level I researcher at CNPq. To be held in this 

position there is a curriculum evaluation by the partners. 

Less than 10% of researchers have this classification. 

Being level I does not have big advantages since we 

have to take more students, publications, projects, 

the responsibility to evaluate about 25 projects 

per year, reviewing the work of dozens of different 

Interaction of osteoblasts with titanium surface.
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scientific journals and worse, CNPq refuses to help the 

participation in international congresses.

The advantage is that government agencies promoting 

research (CNPq, CAPES, FINEP, FAPERJ) consider the 

curriculum as an assessment item of the project to 

obtain resources.

What lines of research currently occupy your 
department? Is there a new trend that could 
influence the market? 

In the EMI we have MSc and PhD in Materials Science. 

The course is free and most students have scholarship. 

Several dentists students who had attended our 

courses are in prominent position in universities. 

Nowadays, we have dentists working in Endodontics, 

Orthodontics, Prosthodontics, Periodontics and with 

implants. The works involve the characterization of 

materials and products, as well as development of 

biomaterials. All teachers in the Program of Materials 

Science at IME do research with dual application. 

Today we have researches on metals (implants and Ti, 

Cr, Co and Inox prostheses), polymers (biodegradable 

and bioabsorbable), ceramic (bioglasses, synthetic 

hydroxyapatite, scaffold) and composites (adhesives 

with nanoparticles).

Currently, our chief concern is to set the proper torque 

for implant placement. This work is developed with 

the guidance of Prof. Paulo Perri de Carvalho, which is 

consistent with the idea that the implant installation 

does not require high torques. The installation torque 

should be enough to get primary stability. High torques 

can increase the primary stability but the result is not 

worth the injuries to the bone and the implant. Excessive 

torque compresses the bone, reduce the local blood 

vascularization, creating cracks in the bone and require 

more time for osseointegration.

We are used to hear that all imported product 
are better than the national ones. Regarding 
dental implants, do you agree with this 
statement?

No. There are Brazilian companies 

that offer excellent products. I’ve 

done consulting for an European 

company, which to reduce costs 

changed the manufacturing process, 

did not analyze the influences on 

product quality and had significant 

increasing in implant loss. So there 

are good products in the national 

and international market, as well as 

low quality products. Professionals 

should be aware of the company’s 

infrastructure, monitoring quality 

control of products, whether there are 

investments in research, qualification 

of assessors, publications with Osteoblast during cell spread contacting the surface of the implant.
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reputable scientific evidence and developments. 

Companies encourage visits to their facilities and provide 

the information permitted to evaluate.

How many theses have you oriented? What 
areas does your research cover today?

I have oriented 40 master students and 18 doctoral 

students. For being an army officer I worked with shields 

and explosives until 1994. From this date on, only in the 

biomaterials area. This work resulted in 240 publications in 

journals and 280 conference presentations. Biomaterials 

researches involve applications in dentistry, cardiology 

and orthopedics. I try to do basic research that can be 

harnessed for the development of products. In most cases 

there is participation of companies.

What is your experience about 
nanotechnology? Do you believe that this 
level of greatness can improve cell behavior 
regarding to osseointegration?

It is defined nanometric dimensions as those having 

size less than 100 nanometers. When making the 

implant surface analysis it shows that all have some 

characteristics with nanometric size. The difference 

is in the fact that this feature arose due to treatment 

with the goal of obtaining morphology with micrometer 

dimension or is derived from a specific treatment to 

create nanoscale features. Even the machined implant 

surfaces and with no treatments have nanoscale 

microcavities. There are implants which are processed to 

form nano surface roughness and others with deposition 

of nanoparticles in the surface (hydroxyapatite and other 

phosphates). These implants present some evidences 

that the surface improves the healing process and 

differentiation of mesenchymal cells. The explanation 

is not yet known, it was only found, because there are 

several researches on this topic.

What countries dominate the titanium 
processing technology as raw material? What 
is Brazil’s position in this area?

The development of titanium occurred for applications in 

the military area (fighter aircraft and military weapons). 

Therefore, only warlike countries (United States, Germany, 

France, Britain, China and Russia) and Japan dominate the 

production of titanium metal.

In spite of Brazil having several deposits of titanium 

ore to produce titanium oxide in particulate form, it 

does not produce metallic titanium. The main Brazilian 

titanium ore mine in exploitation is located on the 

northeastern coast, right on the coast of Paraíba, 

immediately south of the border of the Rio Grande do 

Norte state, in a place called Guaju, in the county of 

Mataraca, approximately 125 km from João Pessoa. 

Around 95% of global exploitation of deposits of 

titanium ore is consumed by the pigment industry. The 

titanium pigment has high whiteness power, covering, 

brightness and opacity, being superior to other white 

pigments, such as lead carbonate, sulfates of barium 

and zinc, and zinc oxide. The pigments in particulate 

titanium oxide are used in the plastics, rubbers, textiles, 

inks, leather, paper and cosmetic.

Is titanium difficult to machine? What 
influence does this item have on the final 
quality of the product?

Titanium has a hexagonal crystal structure and this makes 

it difficult to be deformed and cut. During cutting, tools 

pluck pieces of titanium without cutting it. Plus, titanium 

has exothermic reaction when in contact with oxygen and 

during machining of implants there is the need of much 

cooling with special oils to prevent fire from lathes. All 

these factors make it difficult to machining, the surface 

finishing and manufacturing of implants. 
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We have young talent in research, as Prof. 
Luiz Meirelles (University of Rochester - USA) 
who ended up living and working abroad. 
Do you think that Brazil loses important 
manpower by not opening space for these 
people?

Our manpower market is big, with lack of qualified 

people to work. Only in 2011, CREA allowed up to 20,000 

engineers to work in Brazil. On the other hand, there 

are some people like Prof. Meirelles, who are extremely 

skilled in one area and find it difficult to be placed. Brazil 

has a high investment in training doctors abroad and we 

don’t take this people back. The cost to train a doctor 

abroad is approximately U$50,000.00. Universities take 

the largest number of doctors. Only big companies hire 

doctors to research activities, since other industries are 

unaware of the potential of doctorate professionals and 

employ them in other functions.

Zirconia became a headache in the esthetic 
cases in Implantology. What level of 
knowledge do we have to believe in the 
durability and strength of this material?

For 15 years zirconia was used in orthopedic prostheses 

and it presented some problems. Many researches 

were made and it was found that the purity, particle 

size and process influence the degradation of zirconia. 

Based on these results all the processing and the raw 

material were changed.

For the use of zirconia in dental prostheses there are 

certain limitations, mainly the thickness of the prosthesis, 

the size of the connectors, cantilever arm of multiple 

prosthesis, and the more critical one: hardness of the 

material. Moreover, it is observed the occurrence of 

chipping of the ceramic coating. We still have some 

problems that hinder its use in esthetic areas.

To work with zirconia is needed specific expertise from 

professionals. The preparation of zirconia and behavior 

is very different from alumina that is dominated by the 

prosthetic and prosthetists.

 

You were also recognized for your 
mathematical explanations about the 
biomechanics affecting dental implants. What 
is the most important on this premise: The 
theory or practice?

The performance of implants can be predicted by 

applying the concepts of biomechanics. All our 

implants developments are started by finite element 

simulations. In the simulations we employ the same 

equations that control the phenomena of metallic 

structures known for decades. Through these 

mathematical equations it is possible to determine 

the maximum resistance of implants and components, 

changing geometries and propose new ways. After 

the simulations, prototypes are produced for testing 

and validation of mechanical simulations.

Despite all this effort and conditions assumptions with 

critical loads, there are still cases of fracture implants. We 

found that the shapes of implants undergo changes, and 

surgical techniques, as well as prosthesis planning remain 

unchanged. For each new implant, training is necessary 

for the correct use.

In this context, the theory must be supported by the clinic. 

The theory provides the appropriate data that sometimes 

are not feasible in clinical application.

Returning to the surfaces of implants, 
how is the industrial processing of them? 
Do companies acquire this knowledge or 
outsource this service? Is there some sort of 
ANVISA control over them?
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Most companies acquires the methods of surface 

treatment of implants. Few outsource or develop these 

treatments. When the company control this process it 

defines in detail the steps to be followed and validates 

the methodology. With the generated documents 

it requests the registering. ANVISA controls the 

company’s infrastructure, analyzes the description 

of the treatment methodology and the existence of 

process and employees validation but does not analyze 

the quality of the final product.

Most Brazilian companies use surface 
treatments already recognized internationally 
by other companies. Does the type of surface 
treatment, alone, ensures the roughness 
pattern obtained?

If there is process validation and complete observance 

of treatment methodology, all implants of the same 

company have a high probability of being similar. This is 

not enough, though. The process may be standardized at 

the company, but the characteristics of morphologies may 

be not the most appropriate. Just because the company 

uses a particular treatment process, for example, acid-

etching, it does not mean that the surfaces of the implants 

are similar. Companies use different acid, concentrations, 

time and temperature. Again, it is important to conduct 

research and clinical evidence.

 

Studies have shown that the surface 
roughness with a Sa between 0.85 and 1 µm 
would be ideal for bone repair and this 
finding is not well spread by companies, in 
general. How to know if we are making use of 
an implant with this roughness?

In the past machined implants were marketed and 

coated with plasma spray. The firsts had a roughness 

around 0.75 µm, anisotropic surface and machining 

marks. The latter had higher roughness, around 2.5 µm, 

which does not influence the behavior of cells and 

were also removed from the market. The two surfaces 

had major limitations for employment for not having 

adequate roughness; were not suitable for low density 

bone or immediate loading. Research has shown that 

treatments with acid-etching or abrasive blasting 

create roughness around 1.0 µm. The difficulty is to get 

the same homogeneity and roughness over the surface. 

The best implants have surface roughness in the range 

mentioned, from 0.85 to 1.0 µm.

To find out the efficiency of the surface, the professional 

must be based on scientific publications of products, 

more than in marketing documents.

What is the real influence of a suitable 
surface treatment in non-standard cases, such 
as: Short implants and grafting area?

The surface treatment influences the primary, 

secondary and tertiary stability. After osseointegration, 

implants with treated surfaces are capable of oral load 
Prof. Tomas Albrektsson and Prof. Carlos Nelson Elias during XIV CIOBA in 
Salvador – Brazil, (2006).
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distribution more efficiently. This is very important as 

in critical situations for short implants, regenerated 

bone sites and in patients considered critical.

What is already proven on the effect of 
nanostructures in accelerating and improving 
the repair process?

There are only proofs that it improves performance, but it 

is still lacking explanations of the mechanisms involved in 

the process of osseointegration.

How about the incorporation of ions on the 
surface or even its polarization?

This is proven. The incorporation of phosphate 

nanoparticles, atoms of Ca, P, Mg and F improve the 

biocompatibility of titanium. Treatment of polarization, 

also known as anodization, electrochemical and oxidation, 

allows the incorporation of any type of particle on the 

surface of the implant to increase its efficiency.

As an expert in biomaterial, how would you 
classify titanium? Biocompatible, inert or 
bioactive?

There are two classifications of biomaterials regarding 

the biological behavior. The first one classifies them as 

biotolerant, bioinert and bioactive. The second classifies 

biomaterials in bioinert, bioactive and bioreactive.

The apparent discrepancy in the terms used in the 

classification of biomaterials does not exist. The two 

classifications are equivalent. A biomaterial considered 

biotolerant (stainless steel alloys and Co-Cr) is 

considered as bioinert in the other criteria. Titanium is 

considered bioinert in a classification and bioactive in 

the other one. The most important thing is the criteria 

used to classify biomaterials.

Biotolerant or bioinert: The implants are separated from 

the adjacent bone by a layer of soft and fibrous tissue. 

It is not observed contact in osteogenesis. Almost all 

synthetic polymers and the vast majority of metals and 

ceramics observe this category. Examples: gold, Co-Cr 

alloys, stainless steel, zirconia, alumina, polyethylene, 

polyamide, polymethacrylate, polytetrafluoroethylene 

and polyurethane.

Bioinert or bioactive: The implants are in direct contact with 

bone cells, with participation in osteogenesis. Despite not 

observing a chemical reaction between the implant and 

bone tissue, occurs the connection with the biomaterial 

and bone cells, characterizing osseointegration. Among 

these biomaterials, it is highlighted the commercially pure 

titanium, tantalum and niobium.

Bioactive or bioreactive: In this case there is interaction 

between the implant and the bone tissue with influence 

in the mechanisms involved in osteogenesis. There is 

ions exchange with the tissues; there are chemical bonds 

between the biomaterial and the tissues, promoting 

osteoconduction. Among this biomaterials class are the 

tricalcium phosphate, tetracalcium phosphate, bioglasses 

and hydroxyapatite.

Currently, several companies have used 
titanium alloys in the manufacturing of 
implants. Would there be some loss in bone 
response?

Currently, there are only three metals that present 

osseointegration: Commercially pure titanium, niobium 

and tantalum. It is understood as osseointegration 

the definition of ISO 16443, according to which 

“osseointegration is the contact of the bone cells with 

the biomaterial surface.” The Ti-6Al-4V alloy has no 

osseointegration and the example is the mini-implants 

used for orthodontic anchorage. However, when 
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the implants of Ti-6Al-4V are subjected to surface 

treatment to have a predominance of titanium oxide, 

there is osseointegration. For those ceramic and other 

metal alloys a treatment promoting osseointegration is 

still not known.

The most part of the effort has focused 
on the relationship of the implant surface 
with the bone, with remarkable progress. 
However, very little has been developed 
to improve their relationship with the soft 
tissues. Would this not be the time for 
focusing in this area? What is the current 
status of research regarding this?

In the past, treatment with dental implants aimed at 

the restoration of masticatory ability and the success of 

the treatment was assessed by osseointegration. Today, 

the patient wants immediate restoration, followed by 

esthetics. In this case, the biological sealing is important. 

Few studies examine the interaction soft tissue with 

prosthesis material, being that we constantly observe in 

patients a gingival retraction showing the metal parts, 

damaging esthetics. There is a dichotomy between the 

esthetic and the sealing. Not always the biomaterial 

that has the best esthetics (ceramic), presents the best 

biological sealing and mechanical strength.

For the manufacture of ceramic prosthesis we use 

materials that were developed for other applications 

(alumina and zirconia). 

We need to research materials for specific application 

with mechanical strength, biocompatibility and ability to 

allow the adhesion of fibroblasts. This area still has a gap.

At last, we would like to know about 
future trends. Which are the new ways of 
osseointegration in terms of biomaterials?

Researches are focused on the development of implants 

where it is possible to incorporate patient’s own cells to 

accelerate osseointegration. We have already conducted 

researches with fibronectin which presented good results 

in in vitro assays. The adhesion of RGD also gives good 

results. There is difficulty in incorporating BMP.

All these procedures are performed in very small 

scale and with control. To transform these researches 

in products we need to run through many obstacles, 

including the incorporation of cells and keep them 

active for long times, even after sterilization. 

Incorporate controlled amount of different products. 

The risk is to incorporate something that will be 

removed by osteoclastic activity. 
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Abstract
The main targets for the comprehension of bone pathobiology were focused in osteoblasts and clasts, but in 

recent years it has shifted to the osteocytes — as mechanotransductors of the bone tissue, from the three-

dimensional network, by interconnecting its extensions linking a cell to other 20 to 40, like a neural network. By 

mechanotransduction and from mediators as sclerostin and RANKL, the osteocytes may influence bone patho-

biology by interfering with the activity of osteoblasts and clasts. When more bone is necessary, osteocytes re-

lease less sclerostin, when it is necessary to inhibit bone formation, osteocytes release more sclerostin. RANKL 

is connected to local osteoclastogenesis in order to have more cells capable of reabsorbing the mineralized 

matrix. New therapeutic ways of controlling the metabolic bone diseases have been targeted at these mediators. 

Studying the presence and the specific effects of sclerostin and RANKL in osseointegration can lead to greater 

detailing of their biological phenomena.

Keywords: Osteocytes. Mechanotransduction. Bone biology. Sclerostin. RANKL.

Osteocytes: On the central role of these cells 
in osseous pathobiology

How to mention this article: Consolaro A. Osteocytes: On the central role 
of these cells in osseous pathobiology. Dental Press Implantol. 2012 Apr-
June;6(2):20-8.

» The author informs that he does not have any associative, commercial, intel-
lectual property or financial interests representing a conflict of interest, in prod-
ucts and companies described in this article.

Submitted on: 03/20/2012
Reviewed and received on: 03/28/2012

Correspondence address

Alberto Consolaro
consolaro@uol.com.br



Consolaro A

Dental Press Implantol. 2012 Apr-June;6(2):20-8© 2012 Dental Press Implantology - 21 -

Introduction
In bone biology and comprehension of associated diseas-

es, osteocytes for long were rejected to a secondary role, 

because it was believed that they were included in the 

mineralized bone matrix and did not participate in bone 

metabolism and in responses to stimuli and aggression.

As shown in numerous studies from the last five years, 

there is a strong influence of osteocytes in bone re-

modeling and, for this reason, they must participate in 

the mechanism of initial osseointegration and its main-

tenance over the years of dental implants use.

The dendritic shape of the osteocyte makes it comparable 

to a neuron, putting it in contact with up to 40 to 50 cells 

simultaneously, generating a three dimensional network 

among themselves communicating very efficiently. In any 

deformation the bone may suffer from deflections result-

ing from compression and tractions, the osteocytes of this 

communicative network will act as mechanotransductors 

by excellence. Osteocytes also participate in the control 

of bone metabolism by releasing mediators that reach the 

bone surfaces, strongly influencing the activity of osteo-

blasts and clasts in trabecular and cortical areas.

The osteocytes are derived from osteoblasts
Osteoblasts, which originate osteocytes, are cells with 

mesenchymal origin that differentiate by stimulation 

of mediators still in the embryo or fetus. The main 

mediator of differentiation and synthesizing activity 

in this intrauterine phase are the BMPs, or osteomor-

phogenetic proteins. The mediators that determine 

the shape of organs and structures in the embryonic 

stage can also be identified as morphogens, such as 

bone morphogenetic proteins.

In an environment of osseodifferenciation and synthe-

sis of bone matrix, most of the molecules of stimu-

lating mediators of these phenomena are eventually 

included in the extracellular bone matrix to be min-

eralized later. Thus, one can say that any mineralized 

bone matrix has naturally bone morphogenetic pro-

teins in its composition, in a greater or lesser amount 

as part of its natural composition.

Once the skeleton is formed and adulthood is estab-

lished, osteoblasts and osteocytes remain present in the 

bone environment. In bone surfaces many osteoprogeni-

tor cells remain along with pre-osteoblasts and tissue 

stem cell, formerly named undifferentiated mesenchy-

mal cells. In the bone marrow, contained and protected 

by cortical and trabecular there are many tissue stem 

cells, which give rise to new bone cells almost infinitely.

Osteoblasts on the surfaces of trabecular and cortical 

bone are polyhedral cells arranged next to each other like 

a real fence, railing or lattice. Its polyhedral shape, with 

several facets or sides, allows the production of bone ma-

trix in one of its sides; in another one, receptors are ex-

posed to mediators located in adjacent connective tissue 

or marrow tissue. At the same time, osteoblasts laterally 

contact themselves and interact with other osteoblasts to 

form a real layer of cells coating on bone surfaces.

In certain conditions, osteoblasts synthesize and min-

eralize the bone matrix; in other ones, as in inflamed 

and stressed areas, mediators can induce osteoblasts 

to move from the bone surface. Before leaving the sur-

face, osteoblasts release enzymes such as collagenase, 

to remove the last bone layer deposited by them and 

still not mineralized. Although osteoblasts move from 

the surface, they remain close and command the activ-

ity of clasts within an osteoremodeling unit, or BMU.

In this bone matrix deposition many osteoblasts even-

tually end up included in gaps called osteoplasts (Fig 

1, 2 and 3). It was believed for many years that these 

cells would be trapped, almost by a passive mechanism, 
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as if they had lost the moment to depart, and got in-

volved in the newly deposited matrix. The passive role 

of osteocytes was proved untrue. On the contrary, these 

cells seem to perform a central role in controlling bone 

remodeling and opposite reactions to certain stimuli.

 

Osteocytes: morphology and functions
Osteocytes represent from 90 to 95% of the bone cells 

in an adult. 15 These cells are included in the mineralized 

bone matrix (Fig 1, 2 and 3) and now, as with osteoblasts 

and clasts, we also have greater knowledge about the os-

teocytes and their functions.

The osteocytes are regularly distributed within bone ma-

trix gaps, also known as osteoplasts, and communicate 

with the cells of the bone surface through extensions in 

the tubules at 100 to 300 nm thickness.3,4.5 They form a 

web with their extensions, a network comparable to the 

neural network in the central neural system (Fig 1, 2, 3).

Within these tubules, where the cytoplasmic processes of 

each cell are (Fig 1, 2 and 3), circu-

lates a fluid tissue that carries nutri-

ents and mediators. These canaliculi 

with its working fluid and its exten-

sions communicate the osteocytes 

with each other and interconnected 

with the surface cells of cortical and 

trabecular bone, in addition to resi-

dent cells of the bone marrow.10 This 

communication can be cell-cell by 

means of specialized junctions or 

mediators (Figs 1, 2 and 3).

The concept of mechano-
transduction
Cells have a cytoskeleton, one scaf-

fold responsible for maintaining 

normal cell shape, movement and 

migration. The cytoskeleton is composed of well-struc-

tured proteins, divided into three main groups, according 

to their molecular weight and spatial structure: microtu-

bules, microfilaments and intermediate filaments.

In any system, the balance provided by the annulation of 

all its intrinsic strength results in a force equal to zero and 

it is called tensegrity. The shape of a cell tends to be the 

same, as a result of the balance of internal and external 

forces. To this state of equilibrium or stability is given the 

name cellular tensegrity.

When tensegrity is lost by compression, the cytoskeleton, 

like any other natural system, tends to return to its previ-

ous state, spurring a series of events for this purpose. The 

release of chemical mediators to induce cellular and tis-

sue phenomena in itself or around it, is part of the process 

by which cells tend to restore their tensegrity. This deter-

mines stable shape, the morphology pattern of an object 

or system, especially of a cell.

Figure 1 - The osteocyte network participates of the cellular functional control on bone sur-
face, such as the clast and osteoblasts. The cytoplasmatic prolongations arrive at the canaliculi 
and make contact with the surface cells or act via mediators (HE; 40X).
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The breaking of tensegrity modifies the permeability 

of the cell membrane and results in the activation of 

intracellular metabolic pathways, releasing substances 

that act as mediators that induce phenomena of cel-

lular, tissue and / or vascular nature. These substanc-

es are cytokines, growth factors and arachidonic acid 

products. By this mechanism, a physical event, such 

as forces, turns into biochemical and biological events: 

this transformation is known as mechanotransduction.

 

Bone Mechanotransductors: Osteocytes
The osteocytes network form a very sensitive 3D sys-

tem that uptakes bone deformities. Any change in bone 

form during skeleton function can be captured by this 

sensitive network or web of osteocytes, and extensions 

or mechanotransduction detection system. Exercise 

can increase bone structure by mechanical stimuli, ini-

tially, on this network scavenging strain.

The osteocytes individually pick up signals by mechan-

ical deformation of their cytoskeleton. At the same 

time, the network in which each 

osteocyte participates, distributed 

throughout the bone structure, 

picks up deformations, overloads, 

deflections and limitations of nu-

trients. The deformation of the 

cytoskeleton, the restriction of ox-

ygen and of nutrient stress the os-

teocytes, which release mediators 

to communicate with other osteo-

blasts and clasts on the bone sur-

face and induce them to reactive or 

adaptive phenomena.

When we deform, compress or 

strain the bone as happens during 

orthodontic movement, we put the 

osteocytes in mechanical stress and, 

thus, it increases the production of secreted and circu-

lating mediators through the fluid that circulates in the 

canaliculi (Fig 1, 2 and 3) and from there to the respec-

tive periodontal and bone surfaces. Although included 

in the mineralized bone matrix in their osteoplasts, the 

osteocytes and its communicating network — by direct 

contact or mediators — can stimulate or inhibit bone for-

mation and bone resorption in the “distant” cortical bone 

surface (Fig 3). The osteocytes in the bone marrow inside 

the bone, can influence the higher or lower production of 

clastic cells, or osteoclastogenesis.

The osteocytes therefore have strong influence in func-

tion of bone adapting its shape as functional demand 

determination, transforming the mechanical stimuli into 

biochemical events, a phenomenon known as mechano-

transduction.13 The osteocytes have also function in regu-

lating mineral metabolism9 and also induce changes in 

the properties of the bone matrix around it12 — but these 

functions were already better known.

Figure 2 - The osteocytes have many cytoplasmatic prolongations, which intercommunicate with 
the mineralized matrix with other 20 to 40-50 cells and they detect minimal structural defor-
mations and act as mechanotransductors. They occupy lacunnae known as osteoplasts and the 
prolongations spread out as canaliculi, where mediators circulate in a tissue fluid, which performs 
ionic Exchange with the mineralized extracellular matrix. (Mallory; 100X).
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The skeleton is able to continuously adapt to me-

chanical loads by the addition of new bone to increase 

the ability to resist or remove bone in response to a 

lighter load or lack of use.6,8 The osteocytes have a 

high interconnectivity and are considered the bone 

mechanotransductors.

Osteocytes increases glucose-6-dehydrogenase phos-

phatase after a few minutes of load,18 a marker for in-

creased metabolism, as it occurs in cells associated 

with bone surface. Seconds after the applied load on 

the osteocytes, nitric oxide prostaglandins and other 

molecules such as ATP1 are increased.

Therefore, osteocytes, when facing induced loads, have 

the ability to release mediators, which stimulate the 

precursors of clasts or osteoclastogenesis to differenti-

ate into new clasts increasing the rate of resorption. 

Among these mediators the M-CSF or stimulating fac-

tor of colonies for macrophages and RANKL should be 

highlighted.14 It can be argued that 

osteocytes can command the ac-

tivities of the clasts on bone sur-

faces according to functional de-

mand. The set or lacunocanalicular 

osteocyte system can be seen as a 

real endocrine body.4

Osteocytes, implants and 
osseointegration
In micro-bone lesions that occur 

daily, osteocytes die by apopto-

sis or necrosis. Osteocytes die for 

having finished their natural life 

cycle stimuli or by external agents 

such as heat or dryness in the 

bone tissue during surgical pro-

cedures. Apoptosis is a cell death 

controlled by specific genes of 

the cell itself, while necrosis is cell death by external 

agents, tearing it, crumpling it or taking their nutrition 

by breaking vases. Some environmental factors and 

mediators can induce cell apoptosis.

The death of osteocytes in areas with 1-2 mm dam-

age, such as microfractures, can generate mediators 

that stimulate clasts, especially RANKL,7 a group TNF 

cytokine. Preserving the osteocytes is to prevent bone 

reabsorption and clinicians should know this informa-

tion to take better care of the surgical margins in bone 

surfaces. In orthodontics many procedures are surgical.

In Implantology, the preparation of stores for receiving 

the dental implants must follow protocols for maximum 

preservation of the viability of biological bone cells in 

cutting areas. Preserving the osteocytes in bone surgical 

margins involves avoiding any need for prior resorption 

of mineralized matrix before starting the osseointegra-

tion. Whenever the osteocytes are dead in their gaps, 

Figure 3 - The network of osteocytes participates in the control of cell function in bone surface 
as clasts in the context the BMUs. The cytoplasmic processes make contact with surrounding and 
superficial cells or also act via mediators (HE, 40X).
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the mineralized bone matrix of the surrounding region 

should be resorbed and renewed; preserving them, 

this phase will not happen and osteogenesis will be 

able to start soon.

An example of osteocyte preservation can be the di-

vided flap technique in periodontal treatments, which 

preserves the periosteum attached on the surface. 

The source of nutrients in the bone are vessels of the 

periosteum. Preserving the periosteum means to keep 

alive the osteocytes so that its death does not induce 

the thin cortical alveolar bone resorption, leading to an 

undesirable dehiscence or fenestration. Opening the 

periosteum inevitably leads to the death of the most 

superficial osteocytes, for they do not receive nutrients 

from broken vessels during this surgical procedure.

When the osteocytes die in bone remodeling tissue this 

area will inevitably be reabsorbed. Thus, the osteocytes 

should be preserved in the bony walls of the cavity pre-

pared earlier to place the implants, avoiding excessive 

heat or improper manipulation of surfaces, since the 

death of osteocytes will lead to increased bone resorp-

tion at the site, which can disrupt osseointegration.

Probably some orthopedic facial responses can be ex-

plained by bone deformities produced. The responses 

controlled by the osteocytes can change the shape 

and size of the bone to adapt to new functional de-

mands. This increasingly requires further studies.

The areas close to bone implants remodel themselves 

constantly, but do not take over the organization and 

patterns prior to implant placement. The masticatory 

load on the implants represents stimuli and “aggres-

sion” to the bone components, especially to the os-

teocytes, which capture the surrounding peri-implant 

deformations as mechanotransductors, releasing me-

diators that stimulate or inhibit phenomena such as 

apposition and resorption.

More recently the sclerostin was discovered, a me-

diator secreted by osteocytes, that circulates the fluid 

spaces of bone, especially in tubules with cytoplasmic 

Figure 4 - The osteocytes capture the shape and volume changes increasing or decreasing the release of mediators of the phenomena of bone forma-
tion or resorption. Thus, bone remodeling meets the functional demands, changing and adapting structurally (modified de Nakashima et al14, 2011).
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osteocites extensions.16 It represents a regulatory 

molecule: If you need more bone, osteocytes release 

less sclerostin if you need to inhibit bone formation, 

osteocytes release more sclerostin.

The osteocytes seem to play a central role in bone 

remodeling.2 On induced tooth movement there are 

bone deformations and deflections for each activation 

devices, especially in the interdental bone crest and 

free surfaces. When moving a particular tooth to the 

lingual or buccal, it is known that 

on the outside, bone is deposited 

on the cortical surface.17

As a true intercommunicating 

network, stimuli are probably 

brought to the surface of the outer 

cortical bone region with perios-

teal implications by increasing or 

reducing the thickness of the cor-

tical, which implies in the increase 

or decrease the bone volume area.

When there is overload on dental 

implants, excessive forces may in-

duce stress or death of osteocytes. 

In the periphery of the affected re-

gion, probably, osteocytes survi-

vors release mediators that stimu-

late subjacent and peripheral os-

teoclastogenesis, such as RANKL, 

while release more sclerostin to 

inhibit bone formation at the site. 

All these peri-implant phenom-

ena can lead to mobility and loss 

of the implant over time. These 

increasingly detailed knowledge 

about bone pathobiology end up 

enriching and refining surgical 

Figure 5 - On the implant surface also is found a network of interconnected osteocytes that capture 
the forces applied as compressions and deformations due drifts to which the bone is subjected neigh-
bor. The osteocytes mediate phenomena of resorption and bone formation construed in accordance 
with the functional demands, as appropriate, excessive or minimal (HE; A = 10X, B e C = 25X).

techniques and protocols, but especially emphasizing 

the importance of precise planning in implantology.

These discoveries in bone biology have led to search 

for new therapeutic alternatives for the bone metabolic 

problems. Some substances are death inhibitors of os-

teocytes on the skeleton as a whole and so promote less 

resorption, for example, estrogens and their modulators, 

bisphosphonates, calcitonin, CD40 ligand and others.2 

There are still anti-sclerostin to help control bone loss in 

dental implant

osteocytes osteocytes

medullary 
space

medullary 
space



Consolaro A

Dental Press Implantol. 2012 Apr-June;6(2):20-8© 2012 Dental Press Implantology - 27 -

osteopenia and osteoporosis, the most common mani-

festations of various metabolic bone diseases.

The dental implants are also applied in patients with 

metabolic bone diseases controlled or undiagnosed, 

the same way that patients with implant may acquire 

thi disease during life. One way or another, it is also 

required that the implantologist know not only the ad-

vances of pathobiology bone and its implications for 

osseointegration, but also its impact on the therapy of 

metabolic bone diseases.

Conclusions
1.	 The main targets for the understanding of bone 

pathobiology used to focus on the osteoblasts and 

clasts. In recent years, attention has shifted to the 

osteocytes and their role as bone tissue mecha-

notransductors. The three-dimensional network 

formed by interconnections of its extensions can 

connect a cell with other 20 to 40, something 

comparable to a neural network.

2.	 From mediators such as sclerostin and RANKL, 

osteocytes can greatly influence bone biology, 

by interfering with the activity of osteoblasts 

and clasts in trabecular and cortical surfaces. 

The importance of their role has led many re-

searchers to compare the set of osteocytes 

to a real endocrine body. When more bone is 

needed, osteocytes release less sclerostin and 

when it is necessary to inhibit bone formation, 

osteocytes release more sclerostin. RANKL, in 

turn, is connected to local osteoclastogenesis, 

in order to have more cells capable of reabsorb-

ing the mineralized matrix.

3.	 New therapeutic ways of controlling the meta-

bolic bone diseases have been targeted at these 

mediators and their producers: the osteocytes. 

To study the presence and the specific effects 

of sclerostin and RANKL in the bone integration 

can lead to greater detailing of their biological 

phenomena.
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What is the origin of BMPs and how extensive 
is the synonymy employed to identify them?
The morphogenetic proteins of the bone are responsible for 

signaling to induce bone formation. BMPs (bone morpho-

genetic proteins) represent a family with more than 20 re-

ported proteins, which are part of the transforming growth 

ß factor family (TGF-ß), activating and inhibiting the dif-

ferentiation and growth factors (GDF). They are involved in 

embryonic development and in the formation of the skele-

ton. Since the work of Urist3 in 1965, demonstrating that the 

demineralized bone matrix could induce the formation of 

cartilage and bone in ectopic sites, many researchers have 

endeavored to clarify the activity of matrix components.

Minimal amounts of these proteins are present in the ma-

ture skeleton, participating in their maintenance and re-

pair of bone fractures. Urist3 demonstrated that, by plac-

ing portions of demineralized and lyophilized allogeneic 

bone matrix in the muscle of mice, there was bone for-

mation, i.e., bone matrix had agents capable of inducing 

osteoblasts formation (Fig 1).

Urist and Strates,5 in 1971, through extensive laboratory 

research observed and identified these agents, nam-

ing BMPs. Although the exact function and interrela-

tion of each BMP are not yet completely understood, 

evidences indicate its role as part of a complex number 

of factors regulating cell differentiation, increasing the 

expression of chondroblasts and osteoblasts in injured 

bone sites. The possible evolutionary conservation of 

structural and functional BMPs genes suggests critical 

regulatory roles in the process of differentiation during 

development (Tab 1).

What does “recombinant BMP” mean from 
the point of view of nomenclature, origin, 
advantages and disadvantages? 

As a result of a long process of purification of the bones, 

insignificant amounts of BMP were obtained. Later, the 

rhBMP-2 molecule (recombinant human bone morpho-

genetic protein) was sequenced and cloned by Wozney,2 

in 1988, and this technology now allows its production 

on a large scale to be used clinically and in the laboratory.
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Figure 1 -	 Allogenic demineralized and 
lyophilized bone matrix that 
has been isolated by Urist. The 
photograph is courtesy of Dr. 
Neil Blumenthal, who had the 
opportunity to work with Dr. 
Urist in the Department of 
Orthopaedics at the University of 
California (UCLA), Los Angeles. 
This was one of the matrices used 
in the article of Urist.3

Table 1 - Function and synonymy of BMP types.

BMP Types Functions

BMP-2 Osteoinductive, apoptosis, differentiation of osteoblasts

BMP-3 Inhibits osteogenesis (Osteogenin)

BMP-4 Osteoinductive, lung development and ocular system

BMP-5 Chondrogenesis

BMP-6 Chondrogenesis, differentiation of osteoblasts

BMP-7 (OP-1) Osteoinductive, liver development

BMP-8 (OP-2) Osteoinductive

BMP-9 Hepatogenesis, neural system development 

BMP-10 Heart development

BMP-11 Morphogenesis of neural system and mesodermal origin 
organs  

BMP-12 Development of tendons and iliac bones 

BMP-13 Development of tendons and ligaments

BMP-14 Chondrogenesis

BMP-15 Modifies the activity of FSH 

When placed in a proper medium, rhBMP-2 induces bone 

formation. The start of the process does not necessarily 

proceed by introduction of bone forming cells. Rather, rh-

BMP-2 acts locally to concentrate in the site mesenchy-

mal host cells and influence their differentiation into bone 

forming cells. It has mitogenic activity, but selectively. 

In order to have an effect which can be observed clini-

cally, “super-physiological” doses are required, around 

200,000 times the estimated physiological concentra-

tion of BMP-2 naturally found in bone. A variety of com-

plications associated with surgery or the use of rhBMP-2 

may occur alone or in combination. Some of them can be 

serious and affect its outcome. Additional surgery may 

also be needed to correct these complications.

Some possible complications include:

• Allergic reaction.

• Death.

• Development of respiratory problems.

• The formation of exuberant and / or ectopic bone. 

• Edema.

• Erythematosus tissue.

• Fetal development complications.

• Hematoma.

• Incisional complications.

• Infection.

• Inflammation.

• Pain.

• Formation of scars.

• Damage to tissues or nerves.

The recombinant human BMP-2, through a carrier, has 

demonstrated clinical relevance in the induction of 

bone formation for some maxillofacial / oral indica-

tions. However, the carrier, or vehicle, is the “Achilles 

heel” of rhBMP-2. 

The development of research focused on the formula-

tion of carrier systems for BMPs is proven to be neces-

sary, in a therapeutic perspective. The use of collagen 
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and carrier systems associated with collagen, although 

widespread, is related to some disadvantages. Among 

these disadvantages are included the poor mechani-

cal stability, the immune response and the potential for 

transmission of viral antigens.

The ideal carrier substrate would fulfill the following 

requirements: Relative insolubility in physiological con-

ditions, being biodegradable, protect against proteo-

lytic activities, act as a substrate for cell adhesion and 

proliferation, immunologically inert, maintain the BMP 

bioavailable through controlled biological degradation 

and having mechanical stability to promote the union 

of bone defects.

What are the commercial products available 
in the national and global market containing 
BMP alone or combined with other 
substances?
All biomaterials which may have bone origin contain 

BMP. However, the industry does not usually quantify in 

the packings. The regulator agency American Food and 

Drugs Administration (FDA) has approved first, in 2002, 

the use of the product Infuse® Bone Graft for spine or-

thopedic surgery (lumbar spinal fusion) and in 2004, as 

a bone graft to reduce long bone fractures with loss of 

substance. Only in March of 2007 was authorized its use 

in surgery of maxillary sinus lifting and alveolar defects 

correction. In 2008, this procedure was released in Brazil 

by the National Sanitary Surveillance Agency, Anvisa. The 

BMP-7 t(OP-1®; Stryker) is only sold in the USA.

What are the indications and 
contraindications of these products?
Patients with bone loss in the upper and lower arches can 

use rhBMP-2 to repair it. It is a procedure that generates 

less trauma and provides better chances to success, when 

compared to other regenerative therapies, including those 

that use the patient’s own bone (autogenous bone). Any 

patient in need of increased bone structure can use rh-

BMP-2. However, there is contraindication for pregnant 

women. Additionally, it is recommended that women 

who received this therapy do not become pregnant within 

a year after treatment. The use of rhBMP-2 is also not 

suitable for lactating women, to patients with infection 

near the incision area and people who are under radiation 

therapy, chemotherapy, and steroids therapy.

Adverse effects can be observed for cases where the pa-

tient has hypersensitivity to rhBMP-2 or bovine collagen 

type 1, which is the sponge where is carried the protein.

 

What are the biological effects of BMP as a 
mediator in the repair process?
When an adequate concentration of rhBMP-2 is placed 

on an absorbable collagen sponge (ACS) and implant-

ed in the body it is induced new bone tissue at the im-

plantation site.

The mesenchymal stem cells, around the tissues of the 

implanted area, come into contact first with the rhBMP-2/

ACS. The collagen sponge degrades or dissolves, and 

these stem cells begin to differentiate into osteoblastic 

cells, initiating the formation of trabecular bone or car-

tilage. The blood vessel formation (angiogenesis) is also 

observed at the same time.

The first step in the process of bone formation induced 

by rhBMP-2/ACS is the migration of bone forming cells 

to the area. Chemotaxis involves stimulation of cell mi-

gration in response to a chemical signal. Mesenchymal 

stem cells and osteoblasts from bleeding bone, mus-

cle, and the periosteum infiltrate the rhBMP-2/ACS 

implant. In-vitro studies have shown that rhBMP-2 

can stimulate the specific chemotactic migration of 

bone-forming cells, promoting in its surrounding the 
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proliferation of several multi-potent cell lines, which 

are capable of differentiating into osteoblasts. This 

differentiation of mesenchymal stem cells into bone-

forming osteoblasts plays an essential role in the in-

duction of new bone, which was also demonstrated 

in preclinical studies. The rhBMP-2 binds to specific 

receptors on the surface of the MSC and causes them 

to differentiate into bone-forming cells.

 

Pre-clinical studies have supported that the bone for-

mation initiated by rhBMP-2/ACS is a self-limiting pro-

cess, forming a predictable volume of bone. The bone 

formation process develops from the outside of the rh-

BMP-2/ACS implant towards the center until the entire 

implant is replaced by trabecular bone. The ability of 

rhBMP-2 to induce new bone formation is dependent 

upon its concentration. The rate of bone formation, the 

amount of bone formed, and the density of the resulting 

bone are positively correlated with both the concentra-

tion of rhBMP-2 and the length of time that rhBMP-2 is 

present at the implant site. 

Remodeling of the trabecular bone induced by rhBMP-2/

ACS occurs in a manner that is consistent with the biome-

chanical forces placed on it. Radiographic, biomechanical, 

and histologic evaluation of the induced bone indicates 

that it functions biologically and biomechanically as na-

tive bone. Furthermore, pre-clinical studies have indicated 

that the bone induced by rhBMP-2/ACS can repair itself, if 

fractured, in a manner indistinguishable from native bone 

healing (Fig. 2, Table 2). 

Besides its role in the processes of repair of bone tissue, 

the strongest evidences for the involvement of BMPs in 

embryogenesis derive from isolating mRNAs for BMPs in 

several tissues, suggesting multiple functions in both mor-

phogenesis and in formation pattern outside the skeleton. 

In situ hybridization showed that the mRNA of BMP-2 is 

expressed during development of members, heart, teeth, 

eyes and craniofacial mesenchyme.

 

In the commercial form of presentation, 
the product retains these properties and 
characteristics?
In the United States are offered six types (sizes) of dif-

ferent kits, in Brazil only three. The kit should be single 

use and their biodegradation takes about two hours. It is 

expected that the Infuse Bone Graft® maintains the prop-

erties and features promised by the industry and recom-

mended by the manufacturer, provided that it is accurate-

ly targeted and used for the proposed purpose.

How can the professional purchase rhBMP 
and what are the necessary precautions 
regarding the quality and reliability of the 
product?
In Brazil, the recombinant human bone protein is com-

mercialized in São Paulo, by an authorized representative. 

Provided that the biomaterial is bone, it will always have 

BMP in its composition. However, we do not know the 

percentage of BMP contained in the product, because the 

industry omits the information and does not quantify that 

percentage. Thus, we, surgeons and clinical professionals, 

most of the time work entirely in the dark, only believing 

that in the end everything will be all right.

In the beginning of the osseointegration advent, it was 

of paramount importance to deeply research to the 

pre-commercialization of any new product. An extraor-

dinary time was consumed before these biomaterials 

were used. In the contemporary system, economic 

power and “commercial greed” of industry reversed 

the whole process to the point where new products 

are routinely presented to the profession with an in-

adequate and insufficient investigation. Clinicians are 

more often exposed to try new devices and report on its 
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Table 2 - RhBMP-2 mechanisms of action in absorbable collagen sponge (ACS).

1 Implantation  rhBMP-2/ACS is implanted

2 Chemotaxis Migration of Mesenchymal Stem Cells and other bone-forming 
cells to the site of implantation

3 Proliferation rhBMP-2/ACS provides an environment where stem cells 
multiply prior to differentiation

4 Differentiation rhBMP-2 binds to specific receptors on the stem cell 
surface inducing them to differentiate into osteoblasts

5 Bone formation and 
Angiogenesis

Osteoblasts respond to local mechanical forces to produce 
new mineralized tissue within the ACS. New blood vessel 

formation is observed at the same time

6 Remodeling
Body continues to remodel bone  in response to the local 
environmental and mechanical forces, resulting in normal 

trabecular bone

Figure 2 -Photomicrograph of an alveolar 
defect filled with rhBMP-2/ 
αBSM, showing new lamellar 
bone formation and Haversian 
systems (4x)

performance and success, but without communicating 

the patient about the empirical “research”. It is a very 

dangerous and not scientifical approach, which does 

not predict any good for the implantodontists. The off-

label use (when the clinician chooses to use the therapy 

with new products which were insufficiently evaluated 

or which the “risk-benefit ratio” is uncertain) needs to 

be reconsidered when the surgeon makes use of these 

products especially in cases where there is no scientific 

evidence attesting or certifying their effectiveness, such 

as in surgery in craniomaxillofacial reconstruction of 

mandibular defects after mandibular resections, al-

veolar ridges reconstruction for subsequent prosthetic 

rehabilitation and reconstruction of alveolar clefts. In 

studies and multicenter randomized clinical trials level 1 in 

humans, only the commercially titled product Infuse Bone 

Graft® has been shown by means of microscopic tissue 

sections, growth of new bone.
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Abstract
Objective: To evaluate two proposals of external geometry of dental implants observing the influence on the 

stress distribution. Methods: It was performed the evaluation by finite elements of prototypes of dental im-

plants with different external geometric shapes submitted to different conditions of loading (axial, inclined to 

15° and inclined to 30°). Results: The stress increased as the loading became more inclined. The conical geom-

etry showed itself more stable and transmitted less stress to the bone. Conclusions: I) The system with conical 

dental implant transmits lower stress to the bone and to the dental implant; II) the safety factor of the implants 

is high suggesting it supports loadings more aggressive in intensity and direction; III) as the loading becomes 

more inclined, i.e., the components of the lateral forces increase, the stresses on the bone and on the prosthetic 

components increase; IV) for all simulations, the systems behaved appropriately so there is no indication of de-

formation or fracture on the prosthetic components or even bone resorption due to overload.

Keywords: Computer simulation. Dental implant. Finite element analysis.
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Introduction
The Finite Elements Method (FEM) is regularly used 

for stress analysis in works of Dentistry.1,2,3 Through 

computational tools it is possible to foresee the error 

as well as its location from the conditions of contour 

imposed on the model. The facility for obtention of re-

sults as well as its promptitude makes the FEM inter-

esting in several departments as Dentistry, Implantol-

ogy and Periodontics. There are works in literature4,5,6 

that evaluate the geometric variation of the screw 

threads of the implant. It was observed significant dif-

ferences on the stress levels with the geometric varia-

tion. The results show that implants with slight cur-

vature and lower depth threads present lower stress 

level4 and there is greater concentration of stress on 

the first thread of the screw.5,6 From the mechanical 

point of view, the analysis of the efforts transmitted on 

the interface bone-implant is essential to foresee the 

success of the osseointegrable dental implants. The 

overload may cause bone resorption or even failure.7,8,9 

On the other hand, a low intensity load may cause at-

rophy and subsequent bone loss.7,9 The higher levels 

of bone stress are located on the marginal region of 

the implant, being considerate a critical region.1,2,3 In 

the present study it was performed the analysis by fi-

nite elements through the three-dimensional models 

of dental implants prototypes [AR-Torq and Flash] and 

with variation on the direction of the equivalent load-

ing to observe the behavior of both systems. Each one 

of these systems has different characteristics on its 

external geometry of the dental implant and, through 

the variation of loading, it is intended to evaluate the 

mechanical behavior of both systems.

Material and Methods
For the performance of the simulations it was used a 

microcomputer with Pentium Quad Core 6550 proces-

sor, RAM memory of 8GB and hard drive of 1,75TB. 

All dimensions used for the dental implants and 

prosthetic components were provided by Conexão 

Sistemas de Prótese (Arujá, Brazil) and refer to the 

prototypes that were in development with trade name 

AR Torq and Flash. Its characteristics can be followed 

on Table 1. The implant Ar-Torq is cylindrical self-

threading, has indexed Morse, double screw and coni-

cal apex (Fig  1A). The Flash implant has cone Morse 

indexed and it is conical, has progressive thread with 

high cutting power and according to the manufacturer, 

it increases the superficial area and primary stability 

in relation to conventional implants (Fig 1B). Normally, 

the wall thickness of implants with internal connec-

tions limits the insertion torque and the axial loads 

supported are lower. The diameters of the evaluated 

implants were of 5 mm and length of 10 mm.

The cortical and medullary bones were modeled on 

the program ANSYS Workbench, version 11. The sim-

plified dimensions of the bone were the available in 

literature10-13. Each component (implant, pillar, fixation 

screw of the pillar, cortical bone and trabecular bone) 

was modeled separately to allow the independent visu-

alization and to verify the level of stress based on the 

color scale provided by the program. According to pro-

cedure adopted on the simulations by finite elements, 

it was considered the following simplifying hypothesis: 

Implant Ar-Torq Flash

Screw Double Double

Screw profile Triangular Trapezoidal

Pitch of screw 0.6 0.8

Apex Conical Conical

Body Cylindrical Conical

Coronary Coronary Micro partial screw

Mills ammount 4 2

Mills profile Parallel Helical

Table 1 - Differences of systems used on simulation.
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The materials were considered homogeneous, isotro-

pic and linearly elastic. It was considered the implants 

manufactured in titanium commercially pure ASTM, 

degree 4 (ASTM F67); the pillar in titanium commer-

cially pure ASTM, degree 2 (ASTM F67); and the fixa-

tion screw of the pillar in titanium, degree 5 (ASTM 

F136). The properties of the cortical and trabecular 

bones were the available in literature10-13, which are 

displayed on Table 2. For analysis of results, the com-

pany Conexão Sistemas de Prótese released the tech-

nical information of the titanium provider on different 

categories of purity.

For the creation of the mesh, it was used the automat-

ic system of the program with some changes on pre-

programmed definitions by Ansys. The growth factor 

of the element was altered to prevent distortions on 

numeric results, besides proceeding to a local refin-

ing on the region of the interface implant-bone, con-

sidered a critical point. The finite element used was 

tetrahedral type. The contacts were defined as “bond-

ed”, i.e., it does not allow relative motion between 

pieces. The purpose of this choice was to determine 

a rigid union between volumes of the model. Regard-

ing the number of elements and knots of the models, 

there was respectively 32988 and 63317 for the Ar-

Torq system and 33671 and 61220 for the Flash sys-

tem. According to data in literature,1,2,3,10,14-19 the load-

ings used in the present work were of 100N1,2,3,10,15-19 

applied in three directions: axial, inclined to 15°15,16 and 

30°20 in relation to longitudinal axis of the implant. 

Figure 1 - Implant with NP platform used in simulation: A) Ar-Torq and B) Flash.

A B

Material Modulus of elasticity 
(GPa)

Poisson’s ratio

Titanium 110.00 0.35

Cortical bone 13.70 0.30

Trabecular 
bone 1.37 0.30

Table 2 - Mechanical properties of materials used.
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Besides the loading on the system, it was also ap-

plied the torque of 30N/cm of threading of the fixation 

screw of the pillar (pre-load), following the protocol 

suggested by the company. The simulation was multi-

step, i.e., first it was applied the torque on the screw 

and then it was applied the loading on the system. 

The constraint to motion was implemented on exter-

nal areas of the cortical bone (Fig 2, in blue) to allow 

liberty of the system (implant and component). From 

the definitions, it was possible to use the program to 

calculate Von Mises equivalent stress on bones and on 

components of the implants systems.

Results
For analysis of results, it was used Von Mises equiva-

lent stress. The stress values calculated on simulations 

are shown on Table 3. It was determined the maximum 

stress transmitted to the bone as well as maximum 

stress on implants and components (pillar and fixation 

screw of the pillar).

On figures 3 to 5, it will be shown only images with 

stress distribution to the implant, cortical bone and 

trabecular bone on three different directions of load-

ing. On the top of the images, it is found the results 

for the Ar-Torq system and on the bottom the results 

for the Flash. All figures were organized so that on the 

first column are the results for the axial loading, on the 

second column for the inclined to 15° loading and on 

the third column for the inclined to 30° loading.

To analyze the possibility of fracture of the implants 

and components, it was proposed to create a safety 

factor (SF) for different conditions of analysis. The SF 

is calculated through the relation between the value 

of stress in each point (σL) divided by the outflow 

limit (σe) of the material used on manufacturing. Us-

ing these criteria it was created figures that show val-

ues of the relation local stress and outflow limit (SF = 

σe / σL). It is shown on Figure 6 the values of SF calcu-

lated for different regions of the implant with loading 

inclined to 30°, this is the loading that presented the 

most critical condition.

Table 3 - Values of von Mises maximum stress (MPa) calculated on simulations of loading of several components of the models used.

Figure 2 - Loads and restriction of simulated models.

Direction of the applied force 

Axial Inclined 15° Inclined 30°

Platform Ar-Torq Flash Ar-Torq Flash Ar-Torq Flash

Implant 172.4 143.41 196.1 146.84 226.9 169.71

Pillar screw 350.2 350.3 350.7 354.62 351.2 358.54

Pillar 115.6 230.18 119.6 274.22 144.7 316.19

Cortical bone 15.3 13.79 17.9 16.49 23.6 20.16

Trabecular bone 2.2 1.48 2.7 1.56 3.2 1.85



Lehmann RB, Elias CN, Zucareli MA

Dental Press Implantol. 2012 Apr-June;6(2):35-43© 2012 Dental Press Implantology - 39 -

Figure 3 - Von Mises stress on implant with platform Ar-Torq and Flash on three directions.
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Figure 4 - Von Mises stress on cortical bone on the system with implant Ar-Torq and Flash on three directions.
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Figure 6 - Safety factor for implants (A) Ar-Torq and; (B) Flash.
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Figure 5 - Von Mises stress on trabecular bone on the system with implant Ar-Torq and Flash on three directions.

Discussion
Considering that the dimension of the implants with 

internal prosthetic connections are more critical than 

conventional implants with external hexagon, on the 

present work the simulations were performed with 

implants with trade name Ar-Torq and Flash that 

contain internal hexagon. The intention to verify the 

influence of external geometric variation of dental im-

plant is proven justified in previous work where it was 

used an asymmetric two-dimensional model to study 

the influence of the screw thread shape in relation 

to stress levels. It was found significant differences 

A B
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showing that the geometric variation of the model 

does influence on the distribution and on stress levels, 

proving that the ideal is to use implants with threads 

with slight curvature and lower depth.21 The study of 

the differences of geometry and loadings applied was 

also explored in another work22 that compared five 

systems of commercial implants. It was concluded 

that the error occurs on the marginal region of the im-

plant, on the cortical bone and in compression. From 

the loading point of view, on literature it is possible 

to find experimental values of the bite force deter-

mined with electric extensometer.14 It is known that 

this force increases during period of adaptation of the 

prosthesis. For computational simulation, most works 

presented in literature consider axial loadings1,2,3,10,15-19 

of 100N but some works consider the inclination of 

the equivalent loading to 15°15,16 and 30°.20 Literature 

presents study with simulation of finite elements 

where the model was submitted to a variation on the 

cusp inclination.23 It was concluded that it is better to 

have a lower inclination of the cusp to obtain lower 

stress on the system bone-implant due to reduction 

of the force lateral components. This way, the choice 

of loading used in this work is relevant in relation to 

its intensity and direction. Through the use of simula-

tions it is possible to observe the mechanical behav-

ior of the prosthesis and estimate the success of the 

components before being commercialized. It is always 

sought to obtain values of stress lower than the mate-

rial outflow limit to guarantee that there will not be 

plastic deformation of the components. Literature 

shows that the bone must be submitted to maximum 

stress of 167Mpa, this is the limit value to initiate the 

bone reabsorption.24 This way it is possible to evalu-

ate quantitatively the error possibility and qualitative-

ly through figures with color gradient, the location of 

error occurrence of the implants systems. Regarding 

the evaluated prosthetic systems in the present work, 

it was not observed values superior to the limit of 

material outflow, showing that there will not be plastic 

deformation or fracture of the implants or any other 

component for loads of 100N on three implemented 

directions. It was also evidenced on figures 3,4 and 5 

that the inclination of equivalent loading has influence 

on the stress distribution, as well as on its intensity. 

It was possible to observe on figures 4 and 5 that the 

values of the stress transmitted to the bone varies ac-

cording to the loading used and to the type of den-

tal implant evaluated. As the loading becomes more 

inclined, i.e., the components of the lateral forces in-

crease, the stress on the bone and on the system also 

increase. Besides the method of finite elements, study 

involving photoelasticity was implemented to evalu-

ate implants with different geometries.25,26 It was veri-

fied that for loading with components of lateral forces, 

the stress are greater than for vertical loadings. This 

is due to reduction of bending moment created. In re-

lation to the two types of dental implant evaluated, 

the Flash system transmits lower stress to the cortical 

bone, trabecular bone and to the dental implant. The 

fixation screw of the pillar had very similar behavior. 

For the pillar the behavior was the opposite, i.e., there 

was a greater effort on this component for the system 

with the implant Flash, however, in imposed condi-

tions for this model, this effort does not influence the 

loss of component once the stresses were inferior to 

the limit of this material outflow. For analysis of safety 

factor, it was observed that both systems have high 

safety factor and would need a loading of 3 or 4 times 

more intense to begin to deform or components of 

laterality greater than 30° to intensificate the shear 

stress. According to what is shown on figure 6, for the 

loads used in this work, both systems presented high 

mechanical efficiency and the stress distribution was 

very similar for loadings on the same direction. For all 

simulations performed, the levels of stress show that 

there will not be bone resorption due to overload for 

being below the limit indicated on literature.24
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Abstract
Introduction: The quality of the bone-implant interface is directly influenced by implant surface roughness and a rough-

ness average, with the S
a
 between 1 to 2µm, has demonstrated better clinical and laboratory results. In Brazil, are in-

stalled more than two million implants per year, where 79% are manufactured by domestic companies. However, very 

little is known or published about the characterization of surfaces of these implants, on the micrometer level. Objective: 

The aims of this study are to evaluate and characterize numerically the surface of the implants BoneLike, of Biomet 

3i do Brasil company, one of the five largest companies in the Brazilian market. Methods: Were evaluated a total of 

6 implants, purchased directly on the market, of two different designs (BoneLike-HE and BoneLike-CM) and different 

batches, using light interferometry. Were performed 9 measurements randomly chosen for each unit, 3 on the tops, 3 on 

the valleys and 3 on the flanks of the threads. The same pattern was followed for evaluation by scanning electron micro-

scope. Results: The analyzed implants from this company showed S
a
 values of 0.47µm for BoneLike-HE and 1.01µm for 

BoneLike-CM. Comparing the batches, both designs showed statistically significant differences between them. Conclu-

sions: The roughness values found herein categorize the surfaces of BoneLike–HE implants as smooth, and BoneLike–CM 

implants as moderately rough, with S
a
 values quite close to a smooth surface.
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INTRODUCTION
An important parameter for the clinical success of osseo-

integrated implants is the formation of direct contact be-

tween implant and surrounding bone1,2. The quality of the 

bone-implant interface is directly influenced by the rough-

ness of the implant surface3-8 which was identified as one 

of six particularly important factors for the incorporation of 

implant into the bone from the beginning of the 80's.3 

Both morphology and surface roughness have an influ-

ence on the proliferation, cell differentiation, extracellular 

matrix synthesis, local production factors and even on the 

cell shape.8,9 Fixing mechanisms used by cells on the im-

plant surface determine its shape and the transmission of 

signals through their cytoskeleton resulting in the expres-

sion of specific phenotypes. Furthermore, the shape of the 

cell regulates the growth, gene expression, protein secre-

tion, differentiation and apoptosis.10 

The osteoblast adhesion on the implant surface is not suf-

ficient for obtaining the osseointegration, or even improves 

it, but it is necessary particularly for the cell to receive sig-

nals in order to induce their proliferation.8 Moreover, rough-

nesses do not only facilitate the retention of osteogenic 

cells, but they allow them to migrate on the implant surface 

by osseoconductivity.11 A faster and stronger bone forma-

tion provides higher stability during the repair process, al-

lowing even a faster loading of the implant.5,6,7

The oral implants surfaces have measurable structures 

in macrometric scale in millimeters (mm), micrometric 

scale in micrometers (µm) and nanometric scale in nano-

meters (nm).5,7,8,12,13,14 The objective of several publications 

and studies in this recent years is how these structures 

influence the repair.6,13,15-18 

So far, the certainties are limited to the influence of im-

plant design and roughness in micrometric scale. A screw-

shaped design and a surface with a mean roughness, Sa 

of 1-2µm show better results.6,7,8,12 Studies have shown ti-

tanium implants with appropriate roughness can improve 

the bone-implant contact19 and also increase the force of 

the extraction torque.19,20 On the other hand, increasing 

the surface roughness higher than 2µm of S
a
 causes an 

impaired and unreinforced bone response.5-8

Over the past 20 years, a high number of implant systems 

with different surface topographies was added.17 Oral im-

plants are an example of the close binding between re-

search and industry, as the laboratory findings often be-

come clinical applications.1

Brazil is currently one of the largest implant markets of 

the world with an annual consumption estimated at 

2,000,000 (two million) units which 79% are manu-

factured by national companies (Survey on the Status 

of Implantology in Brazil — ImplantNews, Survey 2010). 

Biomet 3i do Brasil (São Paulo, Brazil), is one of the five 

largest companies in Brazil.

But it is disclosed or known very little about the physicochemi-

cal characteristics of the surface of their implants, thus limiting 

the information contained in the leaflet and in its catalog.

This study aims to characterize the surfaces of two differ-

ent Bonelike implants designs (external hex and morse ta-

per) and describe them within the international standard 

developed by Wennerberg and Albrektsson5. Data found 

will bee described and evaluated with the expectation for 

the treatment utilized, comparing them with SLA® im-

plants, made by Straumann, used as reference since they 

use the same type of treatment and have solid publishing 

in worldwide literature. 

Material and Methods
Methodology used to evaluate the implant surface was pro-

posed by Albrektsson and Wennerberg in 20005, and be-

came a worldwide pattern for evaluating the implant surfaces.
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Therefore, three measurements were carried out in dif-

ferent areas for each implant, from the tops, valleys and 

flanks of the threads (Fig 1), with a total of nine measure-

ments for each unit. Furthermore, three samples were 

evaluated in different batches for each implant to permit 

evaluation of the regularity of production process, and 

they are separated in samples 1, 2 and 3. Following this 

pattern, three implants of each of the following designs 

made by Biomet 3i do Brasil, were purchased directly in 

the market: BoneLike-HE, external hex (Fig 2) and Bone-

Like-CM, morse taper (Fig 3).

Scanning electron microscopy images were also per-

formed (Quanta 200) from top, flank and valley of 

threads in the upper, middle and lower thirds, with a 

total of 9 areas assessed. Magnifications of 65X, 350X, 

1,000X, 3,000X and 5,000X were used.

The objective of those images was to undertake a qualita-

tive analysis of the modifications achieved by the surface 

treatments, by observing the roughness characteristics 

and whether they upheld the same pattern throughout 

the entire body of the implant.

In addition, one of samples of the implants was cut trans-

versely for polishing metal and underwent the EDS analy-

sis, the energy dispersive spectroscopy, which is used to 

identify the elements present in the surface and was used 

to ensure the titanium used by the company, checked that 

described in the leaflet. 

Figure 1 - Red = top; green= flank; orange= 
valley

Figure 2 - 3i BoneLike-HE (external hex) 
implant (Lot 1 – 6653 JB; Lot 2 – 
8489KB/1; Lot 3 – 2659KB).

Figure 3 - 3i BoneLike-CM(Morse Taper) 
implant (Lot 1 - 03064LB, Lot 2 
- 04963LB, Lot 3 - 03079LB).
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Surface treatment

The surfaces of BoneLike implants are treated by a blast-

ing combination followed by acid conditioning which has 

a commonly used technique for the surface treatment 

during recent years. The reason for the combination of 

methods is the blasting process hypothetically reaches 

an optimal roughness and mechanical fixing, while the 

conditioning softens some peaks and may add a high fre-

quency component in the implant surface, with potential 

importance to the protein adhesion which is considered 

important to the early bone healing process.6

 

Surface characteristics obtained by deformation depend 

on the type of particle used, its hardness, its size and im-

pact velocity. Blasting process usually per- formed by ti-

tanium (TiO
2
) or alumina (Al

2
O

3
) particles allows a good 

control on the size of microcavities obtained. However, 

some remaining particles may be embedded and con-

taminate the implant surface.8

The acid conditioning removes some atomic layers from 

the deformed surface and part of the residual tension in 

surface reduces the possibility of contamination of the 

surface by remaining blasting particles because it also 

acts in cleaning the surface. These processes create mi-

crocavities superposed on the pre-blasted rough surface. 

Each manufacturer has its own acid conditioning meth-

od for concentration and temperature of acids, as well as 

the exposure time which is a trade secret and we have no 

access. In general, we have the double acid conditioning 

which is performed by the first immersion of implants 

in HCl + H
2
SO

4
, HNO

3
 + HF or HNO

3
 solutions. Then, 

implant is again immersed in an aqueous HNO
3
 solution 

for stabilizing the titanium oxide layer.6,8

3i BoneLike implants are manufactured using Ti
6
AL

4
V 

titanium alloy, considered grade 5. The type of titanium 

directly influences the roughness values obtained by 

surface treatments since metal hardness affects treat-

ment efficiency. 

We will use the SLA surface as reference to compare 

Straumann documented clinically with positive results 

with 5-years follow-up by Bornstein et al.21

Surface analysis

Implant surfaces were evaluated using a light Interfer-

ometer (MicroXAMTM, Phaseshift, USA) is indicated to 

evaluate roughness of the implant with threads at micro-

metric level5. We use an objective of 50X and a zoom of 

0.62. The measured area was 264 X 200µm, while the 

average height of measures ranged between 80µm and 

100µm. The maximum resolution of this technique is 

0.30µm horizontally and 0.05µm vertically. 

To be able to adequately describe the roughness obtained 

with the treatment, the undulations of machining process 

and shape are considered separately. A standard filtering 

process using a Gaussian Filter of 50 X 50µm was used to 

perform this separation and assessment of the micromet-

ric roughness (Fig 4-7). For this, the Surfascan software 

(Somicronic Instrument, Lyon, France) is used, which also 

provides visual images and numerical descriptions.

For the numerical description of the surface topography 

which should preferably be in 3D, the following param-

eters are used: 

a) S
a
: Represents the arithmetic mean for height of 

peaks and valleys, surface roughness in the median 

plane. 

b) S
ds

: Represents the density, in other words, number 

of peaks per area unit.  

c) S
dr

: Hybrid parameter representing the increase in 

area obtained.

Implants can be divided into 4 different categories, de-

pending on the surface roughness measured by the value 
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of S
a
:  12  smooth (S

a
  <  0.5µm); minimally rough (S

a
 be-

tween 0.5–1.0µm), moderately rough (Sa between 1.0–

2.0µm); Rough (S
a
 >2.0µm).

Statistical analysis

Implants were evaluated for significant differences in sur-

face topography at micrometric level. Statistical analyzes 

were performed using GraphPad Prism 5.0 (GraphPad 

Software, San Diego, USA). Results were analyzed using 

Kruskall-Wallis test with significance level of p<0.05, and 

Dunn's multiple comparison test was applied, also at a 

significance level of p<0.05.

Results
Characterization of the surface

Table 1 shows the values obtained, as well as the implant 

used as reference for comparison to the values found and 

published by Svanborg et al.14 

In Figures 5 images of interferometer analysis generated 

by the Surfascan Software were observed along with the 

obtained in the scanning electron microscope with a 

magnification of 3.000X. Images were selected from the 

flanks of the thread in the middle third of the implants.

The Figures 7 to 9 are detailed SEM images, at three dif-

ferent magnifications, of the three evaluated BoneLike 

implants made by Biomet 3i do Brasil, as well as of the 

Straumann SLA® implant used as reference.

Comparing the different lots

Analysis was performed separately for each design, be-

cause herein does not fit any comparison between them. 

In addition to this, comparison will be made only regard-

ing the Sa
 and S

dr
. 

BoneLike–HE

These implants showed statistically significant differenc-

es in S
a
 values between Lot 01 (S

a
 = 0.41µm), and Lot 03 

(S
a
 = 0.53µm) (Fig 10). Despite considerable numerical 

Figure 4 - Sequence of filters in which the undulations and shapes are removed. A) Original Nanotite, B) Nanotite with 50X50µm Gaussian filter, 

C) Nanotite with 50X50µm Gaussian filter (low pass)14.

Table 1 - Numerical description of the surface topography of 3i implants BoneLike in micrometer level.

Sa (µm) Sds (mm2) Sdr (%)

3i BoneLike – HE 0.47 ± 0.06 187.053 ± 37.143 33.98 ± 21.61 

3i BoneLike – CM 0.53 ± 0.12 174.539 ± 30.456 40.20 ± 41.56 

SLA® Straumann 1.53 ± 0.19 129.04 ± 22.67 74.52 ± 33.34
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Figure 5 - A, B) BoneLike–HE; C, D) BoneLike–CM; E, F) SLA® Straumann.
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Figure 8 - Image with highest magnification 
(15000x) showing the particles 
present on the surface of the 
BoneLike implants.

Figure 6 - SEM images of BoneLike implants – CM (A: 1000x, B: 3000x e C: 5000x).
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Figure 10 - Sa comparison between lots of BoneLike –HE implants.
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Figure 11 - Sdr comparison between lots of BoneLike –HE implants

Sdr

Figure 9 - SEM images of Straumann SLA® implants (A: 1000x, B: 3000x and C: 5000x).

differences between values for Sdr - 27% for Lot 01, 38% 

for Lot 02 and 36% for Lot 03 (Fig 11), no statistically sig-

nificant differences were found in this parameter.

BoneLike–CM

This implant design displayed statistically significant dif-

ferences in S
a
 values between Lot 02, with 0,39µm, and 

Lot 03, with 0.67µm (Fig 12). Despite the significant nu-

merical differences between S
dr

 values, especially in Lot 

03, with 72%, Lot 01, with 28%, and Lot 02, with only 

19% (FIg 13), no statistically significant differences were 

found in this parameter.

EDS of the implants 

The EDS analysis results for both implant designs from 

Biomet 3i do Brasil showed an identical pattern and in-

dicated the use of titanium alloy Ti
6
Al

4
V grade-5 (ASTM 

F-136), which is fully in accordance with the specifica-

tions given in the product description. Figure 14 presents 

the spectrum of the BoneLike-HE implant, and will serve 
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Figure 13 - Sdr comparison between lots of BoneLike–CM implants.Figure 12 - Sa comparison between lots of BoneLike–CM implants.

Figure 14 -	EDS analysis of the sample of 3i BoneLike–HE implants, 
evidencing the use of titanium alloy Ti6Al4V. 

to demonstrate the chemical composition of both evalu-

ated implants from Biomet 3i.

Discussion
When the implants started to be manufactured in Bra-

zil, most companies chosen designs and implant surface 

treatments established, with extensive scientific publica-

tion and strong presence in the Brazilian market. Although 

its U.S. headquarters used only acid etching to treat the 

surfaces of its implants, Biomet 3i do Brasil chose to use 

blasting followed by acid etching as the standard treat-

ment for its implants manufactured in Brazil One way to 

evaluate the obtained results is to compare them with the 

values obtained from reference implants, using the same 

standards and backed by vast scientific evidence. In this 

case, Straumann SLA® implants were used as reference, 

as they apply the same type of treatment.

Among the parameters evaluated, the most representa-

tive ones for the analysis of a surface are Sa
, represent-

ing the arithmetic mean of peak and valley heights of 

Sa Sdr
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the surface roughness in 3D and S
dr

 representing the in-

crease in surface area obtained with treatment. Analysis 

of these factors and previous knowledge of its influence 

on the repair processes allows a behavior signaling of 

certain surface.7,12,22

Generally, in blasting treatments followed by acid 

at- tack, moderately rough surfaces with S
a
, between 

1.0  and 2.0µm12, are obtained. These two types of 

treat ment, even alone, have many variables and may 

have different surfaces according to patterns adopted. 

In blasting, both the type of particle used, such as its 

size, and impact velocity are directly responsible for 

the results obtained. In acid conditioning, type of acid, 

exposure time and temperature are critical factors for 

the characterization of the surface.8

The surface of BoneLike–HE implants presented an S
a
 

of 0.47µm, being therefore considered a smooth sur-

face12, whereas the BoneLike–CM had S
a
 of 0.53µm, 

making it theoretically a minimally rough surface. The 

SLA implants, from Straumann, used as reference for 

this type of treatment, have a S
a
 of 1.53µm, and they 

are considered to be moderately rough.12 It should be 

noted these values are lower than even those found 

in machined Brånemark implants whose surface was 

previously considered to be smooth, but after the de-

velopment of surface assessment technology and sig-

nificant increase in capacity of the equipment used 

showed in fact to be a minimally rough surface, 12 pre-

senting a S
a
 of 0.90µm.7

The use of Ti
6
Al

4
V titanium alloy in the manufacture of 

BoneLike implants, classified as grade 5 and harder than 

the others and certainly resulted in the low roughness 

obtained. Nevertheless, the treatments employed must 

be adequate for the material used, in order to obtain the 

desired roughness. When analyzing the S
dr

 values, in 

other words, increased surface area obtained, 34% for 

BoneLike-HE and 40% for BoneLike-CM were found. 

Reference SLA implant provides a S
dr

 of 74%.14 S
dr

 values 

of around 50% provide and produce a stronger contact 

between bone and implant.12,23-26 Therefore, the implants 

from Biomet 3i showed values below what is considered 

ideal for this parameter as well.

Analyzing both the interferometer and SEM images, it 

is evident a surface of low roughness, especially when 

compared images of the Straumann SLA® implant 

(Fig. 9). The SEM analysis showed the presence of par-

ticles smaller than 1µm spread throughout the implant 

surface (Fig 8). Due to its size and characteristic, these 

particles are not from the process of blasting. A more 

detailed analysis, through appropriate equipment or a 

company's position on the subject, would be appointed 

to ensure greater security for its users. Since these parti-

cles are not related to the primary purpose of this study, 

and in evaluate the standard of the surface roughness, as 

yet not been made any more specific analysis on them. 

The company was contacted, but despite having knowl-

edge of the presence of these particles, further alleged 

to be investigating their origin and composition.

As with the methodology employed, EDS analysis allows 

to state only on the percentage of chemical elements 

found, which are fully consistent with the leaflet of the im-

plants, and they point to the use of titanium alloy, Ti6
Al

4
V 

(ASTMF F-136), grade 5 in their manufacture. In this 

analysis, it is not possible to make any consideration on 

the existence or absence of contamination or any metal 

or material on the surface of the implants. contamination 

or any metal or material on the surface of the implants.

In comparing among batches, as parameter for the reg-

ularity of the surface treatment process, the statistical 

difference found confirms the variability of this type of 

treatment, as well as the need of characterization of 

each design and each implant trademark to check the 
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result obtained. According to the methods employed, 

the assessment of two more samples from the batch 

01 of the BoneLike-HE implant and from batch 02 of 

the Bonelike-CM implant. For this, the company was 

contacted in order to concede these implants for fur-

ther analysis. However, as those stock batches were no 

longer found, the company sent 03 new samples from 

the same batch for each design distinct from those first 

evaluated. Herein, it is noteworthy that the implants of 

the first assessment were acquired directly in the mar-

ket. The results showed no significant differences in S
a
 

and S
dr

 values between the new batches evaluated, for 

all two designs. Mean S
a
 values were 0.50µm for Bone-

Like–CM implants and 0.46µm for BoneLike–HE. For 

Sdr values, BoneLike–CM implants showed 34% and 

BoneLike–HE, 35%. These values are consistent and 

showed no statistically significant differences com-

pared to the values found in the first assessment.

To know what these differences really may represent, 

further investigations are required. It can state the simi-

lar treatments do not show the same results.7 Even only 

machined surfaces may vary considerably in rough-

ness, as well as blasted surfaces with acid condition-

ing or anodized. Many studies and companies omit the 

topographic characterization of the surface because 

they believe the treatment alone will determine the op-

timum roughness of this surface.6,7 

As it was already stated,6,7 when the macrometric topog-

raphy of a certain surface is changed, the micrometric and 

chemical characteristics may be changed at the same 

time, even accidentally. Therefore, it is essential the sur-

face treatments are appropriate for each implant design in 

order to obtain the desired roughness.

The values and variations found in the micrometric char-

acterizations of the implant surfaces evaluated showed 

how sensitive are the techniques used for this treatment.

Conclusions
In addition of course, to conduct clinical studies both prior 

as to subsequent releases of their implants, to validate its 

effectiveness and evaluate their influence on osseointe-

gration, success rate and longevity, especially when there 

are changes not only in the design but also in the type of 

titanium used. 

In addition of course, to conduct clinical studies both prior 

as to subsequent releases of their implants, to validate its 

effectiveness and evaluate their influence on osseointe-

gration, success rate and longevity.
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Abstract
Introduction: The current focus of Implantology is the planning of a rehab contemplating, besides the function, the es-

thetical success. The expectation is to create an esthetic restoration that is indistinguishable from the natural tooth, as 

well as returning the contour of peripheral structures (peri-implant mucosa and papilla) that resemble the same contra-

lateral structures. It is a field of multiple variables in which the identification of tissue biotype is a factor that competes 

for the achievement of such success. Objective: The purpose of this present work was to review the influence of gingival 

biotype on morpho-functional and esthetic behavior of peri-implant tissues, indicating protocols of diagnosis and man-

agement of these tissues. It was used as source of research the data base of PubMed, selecting articles published from 

March 2008 to June 2011. Conclusion: Within the limits of this review, it was possible to conclude that tissue biotype 

has influence on the esthetic in the therapy with implants, specially on the facial peri-implant mucosa levels; presenting 

the thin biotype greater susceptibility to recession. In this condition, the conversion of a thin biotype into a thick biotype, 

through grafting of conjunctive tissue seems to positively influence on the level of facial marginal mucosa. On the other 

hand, the tissue biotype showed little influence on the height of the interproximal papilla.

Keywords: Dental implant. Biotypology. Periodontics.
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Introduction
Albrektsson et al1 and Smith and Zarb2 proposed the 

criteria of success and survival for dental implants 

extremely relevant on the evaluation of the osseoin-

tegration. Today, with the high survival rates and suc-

cess of therapy with implants, the objective has been 

to create an esthetic restoration that is indistinguish-

able from the natural tooth and that is stable through 

the years.3,4,5 The periodontal and peri-implant mu-

cosa and interproximal papillae must keep the same 

peculiarity of shape and color with one another.6 Mul-

tiple variables compete to achieve the desired esthet-

ic success on rehabs by implants. The peri-implant 

tissues are directly or indirectly affected by five main 

large groups of determinants: 1  -  Surgical (surgical 

trauma, implant position, use of graft or bone sub-

stitute and period of insertion); 2  -  Prosthetic (type 

of provisionalization, shape, manipulation of compo-

nents); 3 - Geometry of implants (macrogeometry, in-

terface implant/abutment and surface); 4 - Systemic 

(smoking, diabetes, chemotherapy); 5 - Local factors 

(hygiene, maintenance, bone quantity and quality, 

periodontal disease, radiotherapy, type of edentulism, 

smoking and periodontal biotype)7-10, (Fig 1).

Even though these factors work together, over the last 

years it has been published studies with the purpose 

Figure 2 - Clinical illustration of patients with different periodontal biotypes. A) Thin scalloped biotype: Observe the high triangular shape of the 
papillae. B) Biotype thick and flat: Observe the low triangular shape of the papillae.

A B

of establishing if there are factors with higher degree 

of importance, or that can be considered critical. In 

this context, it has been studied the influence of the 

tissue biotype on the morphology of the peri-implant 

esthetic and on its long term stability.3,11,12 For that, 

many concepts were brought from Periodontics, such 

as basic description of two categories of gingival bio-

types: Thick and flat biotype and thin and scalloped 

biotype (Fig 2 A and B).13 

Figure 1 - Determinants of peri-implant morphology.
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The thin biotype has been related to a higher risk of 

recessions in buccal area,14 greater difficulty to papil-

lary filling,15 translucency creating transgingival metal-

lic appearance, greater susceptibility of bone loss, fen-

estration and dehiscence (Kao and Pasquinelli).16 It was 

also observed that there was a gain of soft tissue after 

procedure of crown lengthening in patients with thick 

gingiva when compared to patients with thin gingiva.17 

This observation coincides with a greater prevalence 

of gingival recession reported before by Olsson and 

Lindhe.18 The gingival biotype has also been described 

as one of the key elements for the success of restora-

tions on implants.19 Particularly, the presence of papilla 

between immediate single implant and adjacent teeth 

was significantly correlated to a thick peri-implant mu-

cosa.20 The tendency of greater gingival recession in 

immediate single restorations on an implant in patients 

with a thin peri-implant mucosa was also described.21. 

Similarly, the gingival recession was most found after 

the regenerative surgery in patients with thin gingi-

va.22,23 These observations show that the discrepancies 

on the treatment esthetic result may come as conse-

quence of the variability of the tissue response to surgi-

cal trauma. Especially patients with thin and scalloped 

biotype seem to have higher risk of esthetic failure and 

therefore need to be identified precisely. The purpose 

of this work is to review the literature about the influ-

ence of the gingival biotype on the morpho-functional 

and esthetic behavior of the peri-implant tissues, indi-

cating protocols of diagnosis and management of these 

tissues that privilege the esthetic success and its sta-

bility on partial rehabs.

Literature review
It was performed a bibliographic research on PubMed 

data base using the keywords “periodontal biotype”, 

“peri-implantar biotype”, “peri-implantar esthetic” 

and “dental implants”. It was selected articles pub-

lished from March 2008 to June 2011.

Characterization and identification of tissue biotypes

Kao et al24 in 2008 described their observations 

around the comparison between thick and thin gingi-

val biotype as key determinant on the dental implants 

treatment plan. They related the thin biotype to a scal-

loped, delicate and friable architecture; minimum gin-

giva inserted; subjacent bone characterized by dehis-

cence and fenestrations; and respond to trauma and 

to the periodontal disease with gingival recession. On 

the other hand, related the thick biotype to a healthy, 

fibrous periodontium, with large zone of gingive in-

serted; a flat architecture and thick bone, as well as 

more resistant to trauma; respond to periodontal 

disease with formation of pockets and intraosseous 

defects; the healing and stabilization of the soft and 

hard tissues contours post-surgical trauma are more 

predictable than on thin biotype. They concluded that 

the surgeon must use periodontal and surgical proce-

dures to minimize the alveolar resorption and provide 

a better quality tissue for the installation of implants. 

Januario et al25 described a method of visualization and 

measurement of soft and hard tissues through Cone-

Beam computerized tomography (CBCT). Therefore, 

it was selected three patients with different gingival 

biotypes, and they were submitted to two tomographic 

takes of the same site. The first take (CBCT) was per-

formed conventionally of the maxilla. The second take 

(ST-CBCT) was performed the same way as the first 

one but with the use of lip retractor and asked to retract 

the tongue to the mouth floor. From the ST-CBCT they 

registered the measurements of the distance from gin-

gival margin to cemento-enamel juction and thickness 

of buccal gingiva. They concluded that the described 

method is necessary and of great value on the evalua-

tion of the dimensions and relations between the sever-

al periodonto structures and the complex of dentogin-

gival insertion. De Rouck et al12 revised the method of 

transparency of periodontal probe in a transverse study 

(n=100), aiming identify the different gingival biotypes. 
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The gingival thickness was evaluated introducing a 

periodontal probe in the buccal gingival sulcus of the 

two upper central incisors (UCI); if the probe turned 

transparent through the gingiva of the two UCI, this 

would be categorized as score 0; if it could not be 

seen through the gingiva of only one of the central 

incisors, it would be categorized as score 1; and if it 

could not be seen through any of the two UCI gingivae 

it would be score 2. Crossing the morphometric data, 

it was identified three groups: Group A1, with thin and 

scalloped biotype, small zone of keratinized gingiva 

and crowns with delicate form (37%); Group A2, with 

thick biotype and same characteristics of the crowns 

on group A1 (34%); and Group B, with thick and flat 

biotype, large zone of keratinized gingiva, low papil-

lae, greater probing depth and quadrangular crowns 

(29%). The authors also concluded that the method 

of transparency of probe for dentification of gingival 

biotype is simple and reproducible. Eghbali et al26 in 

2009, performed transverse study (n=100) to evalu-

ate the efficiency of the visual method on the identi-

fication of the several gingival biotypes. Participated 

in the work: 5 prosthetics (Group R); 5 periodontists 

(Group P) and 5 students of odontology (Group S). 

To all groups it was requested that, through standard-

ized photographs, categorized the gingival biotypes 

in: Thin-scalloped or thick-flat or thick-scalloped. 

There was coincidence with a gold standard: 52% 

of the thin-scalloped biotypes identified by Group R; 

61% by Group P; and 57% by Group S. The thick-flat 

biotype was more easily identified with mean of 73% 

for Group R; 70% for Group P and 51% for Group S. 

The thick-scalloped biotype was more rarely identi-

fied with 45% for Group R; 26% for Group P and 43% 

for Group S. Intra-examiners the accuracy ranged 

from 57% and 78%. Inter-examiners the reproduc-

ibility ranged from 34% to 72%. They concluded that 

the visual inspection cannot be a reliable method on 

the identification of gingival biotype, for its main error 

occurs on the identification of the thin biotype which 

can be tragic for its high risk of esthetic complica-

tions after surgery or restorative therapy. Kan et al27 

performed transverse study (n=48) evaluating the 

reliability of the visual methods of identification of 

gingival biotype, comparing to the method of direct 

measurement through adapted gauge thickness. The 

method of simple visualization was efficient when the 

gingiva was 0.6 mm thick for thin biotype and >1.0 

mm for thick biotype; still on the visual method, in 

the interval between 0.7 mm and 1.0 mm there was a 

predisposition for classification in thick biotype. Now 

on the visual method of transparency of probe it was 

efficient on thin biotypes when the gingiva was 0.6 

mm thick and on thick biotypes when it was >1.2 mm 

thick. The authors concluded that the method of sim-

ple visualization is not sufficient for a diagnosis and 

an appropriate esthetic planning. 

Papilla height and peri-implant mucosa recession

Kan et al3 (2009) reported a case series (n=20) where 

they evaluated the effects of increasing soft tissues us-

ing subepithelial conjunctive tissue grafts (SCTG) with 

immediate single implant. It was observed that there 

was no statistically significant difference between the 

obtained results on the level of marginal bone of pa-

tients with thick biotypes and patients with thin bio-

types. On the measurement of facial gingival levels 

(FGL) it was also observed absence of statistically sig-

nificant difference between the several tissue biotypes. 

Their observations indicate that, with the appropriate 

three-dimensional positioning of the implant, bone 

graft in the gap between the alveolar wall and implant, 

and graft of conjunctive tissue may contribute to the 

maintenance of the marginal gingiva levels, indepen-

dently of initial gingival biotype. That is, thin gingival 

biotype can be converted in thick, on its morphology 

and behavior through these procedures. Chow and 

Wang15 in 2010 performed a literature review 
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evaluating the factors that affect the appearance of the 

peri-implant papilla. The research on MEDLINE was 

the base for their study, identifying articles published 

until September 2007, related to esthetic in implants 

as peri-implant papilla. The study suggests that thicker 

gingival tissue, not only resists better to physical trau-

ma and subsequent to gingival recession, but also al-

lows a better management of the tissues (Fig 3), facili-

tating the filling of the interproximal niche by the 

papilla and makes the surgical result more predictable. 

The authors concluded that the gingival thickness as 

much as other factors as: Bone crest height, interproxi-

mal distance, teeth size and width of the keratinized 

gingiva zone affected the appearance of the peri-im-

plant papillae. Nisapakultorn et al14 in 2010 performed a 

transverse study (n=40) to determine the factors that 

may affect the facial marginal mucosal level and the pa-

pilla level around single implants on the anterior maxilla. 

Figure 2 - Characterization and differentiation between gingiva and peri-implant tissue on thin and thick biotype (adapted from Chow15).

Characteristics Gingiva
Peri–implant mucosa

Thin Thick

Soft tissue 
interface

Hemidesmosomes and basal lamina 
(reduced enamel epithelium). Hemidesmosomes and basal lamina (oral adjacent epithelium).

Junctional 
epithelium and 

connective tissue

Collagen fibers inserted 
perpendicularly to the cementum

Fewer amount of collagen fibers 
parallel and circular

Greater amount of parallel and 
circular collagen fibers

Tissue quality Lower proportion of collagen Lower proportion of collagen Higher proportion of collagen

Connective Tissue 
Composition Higher proportion of fibroblasts Delicate and fine Dense and fibrotic

Vascular provision Increased vascularization
Smaller vascularization

Smaller blood supply Increased blood supply

Biological distance

Junctional epithelium – 1 mm
Junctional epithelium – 2 mm

Connective tissue – 1 mm

Connective tissue attachment – 1 mm Lower thickness of connective 
tissue

Higher thickness of connective 
tissue

Probing depth ≤ 3 mm

2.5 – 5.0 mm

Trend to gingival recession Gingival recession resistance. 
Trend to formation of peri-

implant pocket

Bleeding on 
probing Clear sign of inflammation No indication of inflammation

Proprioception Provided by the presence of 
periodontal ligament No proprioception

Profile Determined by the tooth size.

Determined by the implant position, abutment profile, shape of the 
crown, the implant platform

Scalloped soft tissue Relatively flat soft tissue

Hard tissue with fenestrations 
and dehiscences Hard tissue with thick edges
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It was performed clinical measurements on the im-

plants and on contralateral teeth, especially with peri-

odontal probe obtaining probing depth, as well as the 

categorization of gingival biotype. They concluded that 

there is no relation between peri-implant tissue bio-

type and interproximal papilla level; on the other hand 

the association between peri-implant biotype and fa-

cial marginal mucosal level was positive with risk of 

greater recession of peri-implant mucosa on thin bio-

types. Wiesner et al,28 on a randomized clinical trial 

(n=10), evaluated the effectivity of conjunctive tissue 

grafts used on the placement of implants on the in-

crease of volume of the peri-implant soft tissues. On 

one side of the lower dental arch of each patient it was 

performed the installation of implant with increase of 

soft tissue with conjunctive tissue graft removed from 

the palate; on the other side only installation of im-

plant. For the measurement of results, factors such as 

thickness of soft tissues and esthetics, among others, 

were considered and evaluated using standardized lev-

els of evaluation and digital intraoral radiographs. This 

study shows that the side with graft obtained a mean of 

1.3 mm of increase on the thickness of the soft tissue. 

The authors concluded that the use of conjunctive tis-

sue graft is efficient on the increase of the thickness of 

peri-implant tissue, improving the esthetic results. 

Grunder29 in a case series evaluated the buccal thick-

ness of peri-implant soft tissues on the installation of 

immediate implants after extraction, with and without 

subepithelial graft. Therefore it was installed 24 im-

plants of which 12 received subepithelial tissue graft 

and 12 did not received graft at all. It was performed 

clinical measurements with the use of periodontal 

probe on the moment of insertion of the implant and 

after 6 months of healing. These measurements showed 

that on the group that did not received graft, there was 

an average reduction in volume of 1.063 mm. On the 

other hand, on the group that received conjunctive graft, 

it was obtained an average gain in volume of 0.34 mm. 

It was observed a greater gingival recession on cases 

where it was not used the conjunctive graft, concluding 

that, providing a thicker gingival biotype, compensates 

the loss of gingival volume expected and keeps fine es-

thetic results. Tsuda et al30 in 2011 reported a case se-

ries (n=10) aiming to evaluate the response of the peri-

implant tissue after the installation of immediate im-

plant after extraction with bone graft in the gap be-

tween buccal bone wall and implant (Bio-Oss®), im-

mediate provisionalization and subepithelial conjunc-

tive tissue graft. In this study it was evaluated, clinical 

and radiographically, after 3, 6 and 12 months since 

performed the surgery. After one year, it was observed 

a mean marginal bone alteration of 0.10 mm and a 

change on the facial gingival mean level of -0.05 mm. It 

was concluded that the favorable responses of the 

bone tissue and the peri-implant facial gingival level 

can be achieved and kept when the implant is well po-

sitioned and if bone and conjunctive grafts are per-

formed properly. Raes et al31 in 2011 performed a clinical 

study (n=39) to evaluate the dynamic of facial soft tis-

sues after treatment with immediate single implants 

(IIT) and treatment with conventional implants (CIT) on 

the anterior maxilla. All patients received implants on 

ideal position; flapless surgery for the IIT group and con-

ventional surgery with full-thickness flat elevation for 

group CIT and immediate provisionalization. On the as-

pect of papilla height, it remained stable. However re-

garding the gingival margin level, the results on the last 

evaluations were: On group IIT the levels remained rela-

tively stable with loss of over 1 mm in 7% of the cases. 

On the other hand on group CIT the same loss was ob-

served in 43% of the cases. Besides, it was also observed 

a gain of tissue height in over 1 mm on group IIT in 13% 

of the cases. The authors concluded that the technique 

used on group IIT showed itself effective on the preser-

vation of the peri-implant soft tissues contours, as long 

as the selected patients have thick gingival biotype, and 

the flapless technique is used. They also concluded that 
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the greater gingival recessions occurred on group CIT 

explained by the technique of full-thickness flat eleva-

tion, with no differences between thin or thick gingival 

biotype. Fu et al32 in 2011 proposed the “PDP triad man-

agement”: Implant position (P), implant design (D) and 

prosthesis design (P), as a way to increase the soft tis-

sue thickness around implants. The PDP triad manage-

ment suggests the use of implant design with parallel 

walls and switching platform, the use of implants with 

smaller diameter with its positioning more palatine and 

apical, and the concave prosthesis design. This pre-

serves the buccal bone thickness, allows growth of soft 

tissue around the abutment level, increasing the soft 

tissue thickness and minimizing the potential to reces-

sion of the peri-implant mucosa. Although the tissue 

biotype is a characteristic that varies from patient to 

patient, this can be converted through an accurate 

management of PDP triad so that the desired esthetic 

result is achieved. Kan et al33 in 2011 performed a pro-

spective study (n=35) with assistance from 2 to 8 

years in which evaluated the peri-implant response af-

ter the installation of immediate single implants in es-

thetic zone of the maxilla and the effects of gingival 

biotype on peri-implant tissues. It was observed that 

sites with a thick gingival biotype showed slighter 

changes on gingival levels when compared to sites of 

thin biotype both on first year of assistance (-0.25 mm 

versus -0.75 mm respectively) as on recent exams 

(-0.56 mm versus -1.50 mm respectively). The authors 

concluded that the effects of gingival biotype seem to 

be limited to facial gingival recession, being greater in 

thin biotypes, on the other hand, not affecting the 

height of the interproximal papilla or on the proximal 

marginal bone levels (Fig 4).

Discussion
Diagnosis and description of gingival biotype.

Some works that were mentioned in this literature 

review emphasize the importance of identification of 

gingival biotype, for its decisive impact on the mor-

pho-functional and esthetic behavior of peri-implant 

tissues.3,21,24 This way, methods have been used with 

this purpose: Method of direct visualization,13 method 

of transparency of periodontal probe,11 direct mea-

surement,27 transgingival probing29 and Cone Beam 

Computerized Tomography – CBCT.25 The method of 

direct visualization seems to be non-reliable as shown 

on the work of Eghbali et al,26 2009. The same way, 

Kan et al27 in 2010 did not recommend the method of 

direct visualization, however, said that the method of 

transparency of periodontal probe is appropriate and 

reliable for diagnosis, surgery planning and restorative 

procedures; these observations agree to the conclu-

sions of De Rouck et al,12 2009 that asserted it is yet a 

simple and reproducible method. The CBCT method, 

however, showed itself accurate, non-invasive, since 

performed with appropriate lip and tongue retraction; 

on the other hand, has as disadvantage: High cost, 

necessity of prepared technician and high doses of 

radiation.32 Before this, it is extremely important the 

identification of gingival biotype by, at least simpli-

fied, the method of transparency of probe and, when 

possible, through the CBCT.

Recession of peri-implat mucosa

The thick gingival biotype has been related to a healthy 

periodonto, with large gingiva inserted, flat architec-

ture and thick bone; resistant to surgical trauma. On 

the other hand, the thin gingival biotype has been relat-

ed to scalloped architecture, delicate and friable, mini-

mum gingiva inserted, subjacent bone characterized by 

dehiscence and fenestrations; and greater tendency to 

gingival recession. These characteristics of thin tissue 

biotype carry an unpredictability on post-surgical es-

thetic results.24 From these observations, it seems to 

be feasible the indication of subepithelial conjunctive 

tissue graft , especially on areas of thin biotype, aim-

ing to prevent recession of peri-implant mucosa.3,29,30,33 
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Author/year Type of study Time Sample Technique Conclusions

Januário  
et al25

Technique 
description – 3 patients

Two tomographic takes: 
One with lip retractor 

and one without

The method described is necessary 
and of great value on the evaluation 
of dimensions and relations between 

several periodontium structures and the 
complex of dentogingival insertion.

Kan et al3 Case series 2 to 2,9 
years

20 patients
20 implants

Single implant 
+immediate 

provisionalization + 
conjunctive tissue graft

The thin gingival biotype can be 
converted to thick on its morphology 

and behavior through conjunctive tissue 
graft

De Rouck  
et al12

Tranverse 
study – 100 patients

Use of transparency 
of probe aiming to 

identify groups with 
different morphometric 

combinations of soft 
tissues

The method of transparency of probe for 
the identification of gingival biotype is 

simple and reproducible

Eghbali  
et al26

Transverse 
study – 100 patients

To evaluate the efficiency 
of the visual method on 
the identification of the 
several gingival biotypes 

through photographs

The visual insertion can not be a reliable 
method of identification of gingival 

biotype, for its main error occurs on the 
identification of the thin biotype

Nisapakutorn 
et al14

Transverse 
study – 40 patients

40 implants

Measurements of 
heights of the clinical 

crowns of implants and 
contralateral teeth

There is no relation between tissue 
biotype and interproximal papilla level; 

however the association between  
biotype and facial marginal mucosal 

level was positive

Kan et al27 Transverse 
study – 48 patients

Direct measurement 
comparing to 

visual methods of 
identification of gingival 

biotype

The simple visual method is not 
sufficient for a diagnosis and esthetic 

planning, on the other hand, the method 
of transparency of probe showed itself 

appropriate and reliable

Wiesner  
et al28

Randomized 
clinical trial 1 year 10 patients

20 implants
Implant + Conjunctive 

tissue graft

The use of conjunctive tissue grafts is 
efficient on the increase of thickness of 
peri-implant tissue, improving esthetic 

results

Grunder  
et al29 Case series 6 

months
24 patients
24 implants

Immediate implant + 
Conjunctive graft

Use of conjunctive grafts can provide a 
thicker gingival biotype, achieving a fine 

esthetic result

Tsuda et al30 Case series 1 year 10 patients
10 implants

Immediate implant 
+ Immediate 

provisionalization+ Bio-
Oss graft+ Conjunctive 

tissue graft

Favorable responses can be achieved 
when the implant is well positioned 

and if bone and conjunctive grafts are 
performed

Raes et al31 Clinical trial 52 
months

39 patients
39 implants

Immediate single 
implants (IIT) and 

conventional implants 
(CIT)

The technique used on group IIT showed 
itself effective on the preservation of 

the soft tissue contours. Greater gingival 
recession occurred on group CIT with no 

difference between tissue biotypes

Kan et al33 Prospective 
study

2 to 8 
years

35 patients
35 implants

Immediate 
implant+Immediate 
provisionalization

The gingival biotype seems to affect the 
facial gingival level, however has little 

impact on the height of the interproximal 
papilla

Figure 4 - Summaries of the main experimental articles related to periodontal and peri-implant biotypes.
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These works suggests that the thin gingival biotype can 

be converted in thick, on its morphology and behavior, 

through conjunctive graft, achieving more favorable es-

thetic results. On the other hand, it is still not very well 

documented the stability of this grafted tissue in the 

long-term. Still aiming to increase the thickness of the 

peri-implant mucosa, Fu et al,32 2011 proposed the PDP 

triad management, which is based in: Concave abut-

ment and profile of the crown, design of the narrower 

implant, and three-dimensional positioning of the im-

plant more apical and palatal. Thus, with the increase 

of the mucosa thickness it is possible to maintain the 

margin levels. The authors Kan et al,3 2009 and Tsuda 

et al,30 2011 similarly, in study about immediate im-

plants, defended the appropriate positioning of the im-

plant (to palate), as well as the performance of bone 

grafts on eventually gap between alveolar wall and 

implant, and conjunctive tissue graft to achieve more 

favorable responses on bone levels and peri-implant 

mucosa levels. The observations of Raes et al,31 2011 

suggests that flapless surgery can also prevent peri-

implant recessions, on the technique of immediate 

implants installation, as long as selected the patients 

with thick biotype; however, the same authors refer the 

high risk of recession of the peri-implant mucosa, on 

the installation of immediate implants in patients with 

thin tissue biotype. Thus, it seems recommendable a 

more apical and palatal positioning of the implant, as 

well as contraindicate immediate implants in patients 

with thin biotype, in order to prevent recession of peri-

implant mucosa. The flapless surgery suggested by 

Raes et al31 shows it self efficient, however demands 

accurate technique and preparation from the surgeon.

Height of peri-implant papilla

The papillary filling of the interproximal niche seems to 

be related to several factors: Gingival biotype, bone crest 

height, interproximal distance, teeth size and width of 

the keratinized gingiva zone. A thick tissue biotype was 

described as more resistant to surgical trauma, making 

the result more predictable.15 On the other hand, Kan33 

in 2011 did not find statistically significant difference 

when evaluated the papilla heights in different gingival 

biotypes. Similarly, Nisapakultorn14 in 2010 also did not 

find relation between tissue biotype and papilla height, 

confirming the conclusions by Raes31 in 2011. The pa-

pilla behaves with extremely sensibility to trauma and 

it is fundamental on the composition of the peri-implant 

morpho-functional and esthetic complex; therefore, it is 

suggested that each and every trauma must be avoided: 

On the moment of extraction or of reopening surgery.

Conclusions
Within limits of the present literature review, it was con-

cluded that:

1)	 The identification of tissue biotype is necessary 

for better restorative surgical planning on thera-

py with implants.

2)	 The thin biotype presents a higher risk of reces-

sion of the peri-implant mucosa.

3)	 The conversion of a thin tissue biotype into thick 

biotype, through conjunctive tissue graft seems to 

affect positively the facial marginal mucosal level.

4)	The tissue biotype seems to have little influence on 

the height of the interproximal papilla.

5)	 It is still necessary long-term control studies estab-

lishing the relation between biotype.
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Abstract
Introduction: The advent of implants revived the discussion of one of the great dilemmas of clinical dentistry, 

which is the identification, based on prognosis, of when a tooth must be extracted or when other treatment op-

tions can be considered. Periodontal, endodontic and restorative characteristics must be carefully evaluated to 

determine prognosis and treatment predictability and consequent development of the treatment plan. Objective: 

Due to the relevance of this topic, the objective of this work is, by means of a literature review, to assist the dentist 

in evaluating clinical situations requiring decision making between keeping or extracting a tooth, establishing a 

correct prognosis. Results: Findings in the literature show that authors disagree among more conservative ap-

proaches and implant placement. Factors that can distinguish those cases are the technical and scientific knowl-

edge and professional experience, commitment to their patient’s oral hygiene, as well as its systemic, dental and 

financial conditions. However, there is a consensus in the literature regarding the sovereignty of one technique 

over another for the treatment of different clinical situations. Conclusion: What will guide the clinician’s choice is 

a critical and scientific analysis of the cost-benefit to establish an individualized, multidisciplinary and with greater 

predictability treatment plan.

Keywords: Prognosis. Dental implants. Prosthesis and implants.
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Introduction
The development of a treatment plan which is pre-

dictable to achieve long-term success requires care-

ful evaluation of many factors which will influence the 

prognosis of involved teeth and the possible choice of 

keep them or not in the oral cavity.3

Keeping this in view, Iqbal and Kim suggested a clas-

sification to identify clinical situations that are a di-

lemma to the dentist. They define compromised tooth 

as a complex clinical syndrome, which can result of 

any structural and pathologic disorder that prevent the 

tooth of working properly without making any kind of 

restoration — it includes placement of prosthetic res-

toration and the possibility of endodontic treatment. 

Now, the tooth in terminal stage was defined as in a 

pathologic state or structural deficiency which cannot 

be repaired successfully by reconstructive therapies. 

Treatment strategies for this type of tooth include ex-

traction and function rehabilitation with placement of 

fixed or removable prosthesis, or implants installation.17

 

The main causes of dental loss described in literature 

are caries and periodontal disease, however during 

the process of decision-making between extract or 

not a tooth, must identify the local and systemic clini-

cal attributes, that can affect the functional mainte-

nance of the tooth.46

The factors that can distinguish the extraction causes 

from the more conservative possible treatments involves 

a technical-scientific knowledge and professional experi-

ence, the patient’s commitment with its oral hygiene, as 

well as its systemic, dental and financial conditions.3

Against the relevance of theme, this review aims to as-

sist the dentist to evaluate clinical situations where it’s 

necessary the decision-making between extract or keep 

a tooth, establishing for this a correct prognosis.

Literature Review
One of the biggest dilemmas on dental clinic is the iden-

tification of when a tooth by the unfavorable prognosis 

and low predictability of other therapeutic options is 

indicated to extraction. It is important to highlight that 

the item in question is controversial, polemic and in-

volves a wide range of factors that should be analyzed 

with care and knowledge.24

Accordingly, the planning becomes a extreme important 

stage to the correct execution of a treatment and for that, 

must include all of the necessary stages to the achieve-

ment of proposed therapy. Thus, the clinician must es-

tablish the diagnosis, the etiology, and determine the 

remaining teeth prognosis, taking into account the needs 

and desires of the patients,3,8 since losing a tooth has a 

significant functional and psychological impact.11

The development of this treatment plan requires a 

careful evaluation of many factors that can influence 

the prognosis of compromised teeth, as well as require 

preview of complete dental rehabilitation, of functional 

and aesthetic results, always putting as priority the 

possibility of keeping a stricken tooth, basing on risks 

and benefits of treatment options.8,11

According to Ávila et al, the main factors that deter-

mine the decision-making of extract or not a tooth in-

clude the patient expectation, the finances, the com-

mitment of the patient which the treatment and es-

thetic.2 These are factors that cannot be measured ob-

jectively, but have critical relevance on developing the 

treatment plan. Other factor that influence the compro-

mised teeth’s prognosis, such as periodontal features, 

endodontics and restoratives, also should be carefully 

evaluated during the development of planning, for the 

treatment to be predictably a long-term success. All of 

these factors, whether local or systemic, must be iden-

tified in clinician initial evaluation (Table 1).3
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In some cases, one only factor can be critical in determin-

ing to keep or not a tooth, however there are still cases 

in which this decision is based in accumulated factors. It 

should also take into account the predictability of thera-

peutics for the compromised tooth. In the survey of these 

factors, the clinician must be impartial, in other words, 

should not have preference in therapeutic decision, due 

its abilities, experiences or interests.7,11

Table 1 - Local and general risk factors.

Source: Modified from Davarpanah et al.8

In the presentation of all these factors will be cited 

peculiarities that must be considered in different spe-

cialties of dentistry for the decision-making of extract 

or keep a tooth.

Periodontal considerations
Function, comfort, aesthetic, cost and time of treat-

ment are relevant for the evaluation of periodontally 

Factors Unfavorable prognosis Favorable prognosis

GENERAL

General state of patient Present risk factors Good health

Medical history Significant factors detected None detected

Smoker Yes No

Genetic test Positive Negative

Immune system Immunosuppressed Normal

Medications Cyclosporin, phenytoin None

Nutritional state Protein deficiency Normal

Medication dependency Yes No

LOCALS

Bacterial flora Present pathogens Normal flora

Loss of insertion Greater than 50% Less than 50%

Pocket activity Bleeding, exudates Normal

Amount of bone loss Greater than 50% Less than 50%

Speed of disease progression Fast Slow

Furcation involvement Yes No

Mobility High Normal

Plaque control Inadequate Adequate

Residual teeth Little quantity, isolated Most present

Crown/root proportion Inadequate Adequate

Occlusal trauma Present Absent

Parafunction Present (bruxism) Absent

Dental alignment Bad Good

Root morphology Unfavorable Favorable

Caries Present Absent

Restorations Bad Good

Endodontic considerations Complicated Favorable
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compromised teeth. It is important at the moment of 

decision, take into account not only the tooth in ques-

tion, but the global planning of case, as evaluate if the 

conservation of the tooth will interfere in adjacent teeth 

of if it will important or not for the prosthetic rehabilita-

tion of the patient.24,27

In relation to the severity of periodontal disease, one must 

consider the probing depth and the clinical attachment 

level, since this evaluation shows the amount of support 

periodontal tissue lose. The degree of dental mobility will 

be related to the severity of bone loss, so cases of third 

degree mobility has poor prognosis, including in function 

of discomfort caused to the patient.4

The pattern of bone loss is an important factor in deter-

mining the prognosis, because clearly interferes on the 

predictability of periodontal therapies. The most com-

mon patterns of bone loss are horizontals and this also 

imposes greater difficulty to the periodontal regenera-

tion. The vertical or angular defects are those that occur 

in oblique direction, forming a bone defect.29

In this context, Ávila et at consider the furcation lesion 

as one of the most challenging clinical situation to the 

periodontists.2 There’s no doubt that the first degree 

defects can be properly treated of the teeth kept, al-

ready in cases of furcation lesion of second degree the 

decision of treatment becomes more uncertain,5 as 

well as the prognosis of the tooth. In these cases, it’s 

important to highlight that the predictability of peri-

odontal therapy surgical or not, in interproximal furca-

tion lesions of second degree, is worse when compared 

to the predictability of periodontal treatment of these 

furcations in free surface.40 Del Peloso Ribeiro et al, 

when evaluated the effect of non-surgical periodontal 

therapy with or without iodine in furcation lesions of 

second degree in free surface, showed that the major-

ity of them can be treated only with subgingival instru-

mentation, without posterior surgical therapy (Fig 1 and 

2).39 Finally, the third degree lesions have unfavorable 

prognosis,7,15 once the regeneration of this defect is not 

predictable in most of clinical situations.15

It is already known that the presence of roughness on the 

root surface compromises the plaque control in the fur-

cation region and others anatomic variations,41 such as 

cervical projections of enamel, enamel pearls (most fre-

quent on posterior teeth)14 and root grooves (lateral su-

perior incisive and first superior bicuspid), irrespective of 

its location, represent a challenge during the therapeutic 

or maintenance procedures.2

Figure 1 -	 Furcation lesion of second degree on lingual side of #46 
associated to probing depth of 8 mm before treatment.

Figure 2 -	 Furcation lesion of second degree on lingual side of 46 
associated to probing depth of 4  mm, 6 months after non-
surgical periodontal treatment.
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Root proximity is another relevant factor, once it has been 

found in literature the absence of adequate bone sup-

port (interdental bone thickness <  0.8  mm) favors the 

progression of periodontal disease.22 In situations of non-

treatable root proximities, the indication is extraction.2

Beyond all of these local factors associated to the den-

tal biofilm, others deeply related to the host immuno-

inflammatory response seems also to interfere in pro-

gression of periodontal disease and, therefore in deter-

mining the prognosis. Is known that habits as smoking 

and many systemic conditions, immune suppression, 

hematological and genetic disorder (neutropenia and 

interleukin 1 polymorphism) and stress have a signifi-

cant impact in progression of periodontal disease and 

bone remodeling, being smoking and diabetes mellitus 

considered real risk factors.23

On tooth, from the periodontal standpoint, according 

to McGuie, can be classified as having a bad, doubtful 

or good prognosis.30 Becker et al defined one tooth 

as condemned (bad prognosis), when it shows bone 

support loss greater or equal to 75%, pocket depth 

greater or equal to 8  mm, involvement of third de-

gree furcation, crown-root improper relationship, root 

proximity with little bone between roots and frequent 

abscess.6 Dental elements in this situation lead to a 

complex planning (Fig 3).

In the group of teeth with doubtful prognosis, two fac-

tors must be considered: if its preservation or not is go-

ing to put in risk the adjacent teeth and if it is important 

or not to the rehabilitation of the patient. Teeth with 

insertion loss between 50% and 75%, not necessarily 

have to be removed, since it shows clinical aspects of 

normality, absence of bleeding on probing, absence of 

exudates and mobility between the acceptable limits of 

patient (Fig 4). In the group of teeth with good progno-

sis, teeth with favorable periodontal prognosis and that 

can be kept in the mouth are found.24

Figure 3 -	Periapical radiography of unit 26 with bad prognosis due 
the presence of furcation lesion of third degree (vestibule-
mesial, vestibule-distal, mesiodistal), more than 75% of 
bone loss on distal root and great root proximity between 
the distal root of #26 and mesial root of #27.

Figure 4 -	 Periapical radiography of unit 16 with doubtful prognosis, due 
the presence of furcation lesion of second degree on distal side 
and bone loss between 50 and 75% on distal root.
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Endodontic considerations
Specialists indicate that in cases with pulp involvement, 

the firs to be realized in clinic is rather the endodon-

tic treatment or retreatment, when the involved tooth 

shows a favorable prognosis to this kind of therapy. 

However, in cases of tooth with insufficient coronary 

structure and/or periodontal involvement from moder-

ate to severe, the time and cost that will be applied in 

the canal treatment must be questioned as well as the 

replacement of these by implants.1,32

Iqbal and Kim17 in a systematic review, concluded 

that there is no difference in predictability between 

the treatment of endodontic compromised teeth and 

the replacement of these by implants, based thus the 

choice of therapeutic modality in other factors.18 Fur-

thermore, it is noteworthy that endodontically treated 

teeth keep the original proprioceptive mechanisms of 

natural teeth, while the implants are deprived of peri-

odontal ligament and the skill of functional percep-

tion, as well as impact absorption.11

In determining the prognosis of teeth that require end-

odontic treatment, the clinician must attempt to: pres-

ence/absence of periapical lesions since researches 

show that the absence of these lesions increases the 

rate of success of this type of therapy; type of end-

odontic treatment, because the technique to be used 

should be adequate to its respective case; post-end-

odontic restorative situation, because the clinical situ-

ation implies that not all endodontically treated teeth 

are restorable, but the ones that are have similar rate of 

success to the implants.19

The rate of success that have been described in litera-

ture for the endodontic treatment after 8 to 10 year 

is over 95%.42 However, a rate of until 100% can be 

seen when the method of evaluation used is the mi-

croscopic visualization.3

The complications after canal treatment, even minimal, 

can happen, such as bacterial micro-infiltration, caries 

and periodontitis. Papers demonstrate that most parts 

of causes of tooth extraction due endodontic treatment 

failure is due the poor coronal sealing of these teeth after 

concluding the therapeutic, shown a good predictability 

of endodontic therapy.13 A retrospective study of Iqbal 

and Kim, about factors associated to periapical health 

of restored and endodontically treated teeth, concluded 

that the good quality of root and coronal border sealing 

improve the endodontic therapy prognosis.18

Ng et al34 identified in systematic review four condi-

tions that can increase significantly the survival of 

endodontic treated teeth, citing in descending order: 

(1) tooth restoration after treatment; (2) teeth with 

proximal mesial and distal contacts; (3) buttress 

functionless teeth for fixed and removable prosthesis; 

e (4) type of tooth, specifically not molars.

Restorative aspects
Many authors profess that one of the fundamental 

objective of restorative practice is the maintenance of 

healthy natural dentition of patient.18,32,44 For the re-

storative procedure succeed, the involved tooth must 

have its normal function reestablished and its aesthetic 

must be acceptable. To make it possible we need to 

consider and analyze the occurrence of: fractures and 

failed restorations; extensive caries; proportion crown-

root and core and prosthetic crown.2

The presence of defective restorations is not a determin-

ing factor in the process of decision-making between 

extract or not one tooth since although the excesses in 

restoration been associated directly or indirectly to the 

loss of tissue insertion, these can be easily corrected 

in most cases. However, it’s important to evaluate its 

presence and relationship with the caries lesion and/

or endodontic involvement, before taking any decision. 
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The same line of reasoning is applied on evaluation of 

fractured teeth, where the clinician must do the best 

judgment by evaluation of type and location of fracture 

to determine if the tooth can be or not restored.2

As well as fractures, an extensive caries lesion that ex-

tends beyond or in the level to the alveolar bone repre-

sents a challenge to the clinician in restorative terms and 

for the patient due the substantial increase of treatment 

cost. If in these cases the tooth can be restored, a surgi-

cal or non-surgical clinical crown lengthening is usually 

necessary to reestablish the biological distances,2 what 

makes the treatment’s final cost similar to the implants.32

However, the clinical crown lengthening are indicated only 

after careful analysis of crown-root proportion, since the 

maintenance in long term of a tooth with a non-favorable 

proportion, can be challenging, due the inadequate alve-

olar bone support, which may lead to the increasing of 

mobility, and the risk of fracture.31 One tooth with a non-

favorable crown-root proportion may also not be useful 

as an ideal buttress (Fig 5). The proportion 1:1 have been 

defined as a minimal acceptable proportion for a healthy 

periodontium and one controlled occlusion.12

In cases of extensive dental structure loss, the use of core/

pin is one of the available options, which allows an appro-

priate coronal restoration. However, we should evaluate: 

the need of an endodontically treated canal, which reduc-

es the survival of the tooth in long-term; and the patient’s 

occlusion, since the presence of parafunctional habits 

also reduces the pin/core restored tooth’s survival.32

Discussion
The hard task of knowing when to preserve or extract a 

tooth remains a challenge in dental practice, however with 

the preservation of the natural dentition as a fundamental 

principle have been widely followed. Root resections, api-

coectomies and pin and core manufacturing are some of 

Figure 5 -	Periapical radiography of fractured unit 21. The 
level of fracture requires crown augmentation to the 
reestablishment of biological space, however the analysis of 
crown/root proportion contra-indicates the procedure.

many periodontal, endodontic and restorative procedures 

realized to try the natural tooth’s preservation.27 Never-

theless, the extraction for implants placements have been 

also a good treatment alternative, even less conservative.

The Periodontal American Academy profess that ev-

ery patient must be informed about the risks of failures 

and the alternative therapy to the implants. The high 

rates of implants success, as showed by Levin et al26 of 

92.6%, may be a dangerous mark if compromised teeth 

start to be extracted.33

This decision-making requires a deep knowledge about 

prognosis and predictability of the different therapeutic 

modalities. From the periodontal perspective, the me-

chanical instrumentation produces satisfactory results in 
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most cases. It was confirmed by Ludgren et al29 in some 

clinical cases up to 30 years of following, when demon-

strating that the periodontal therapy limiting to the scaling 

and root planning (SRP), requiring or not one surgical flap, 

showed efficient in periodontal disease control, since the 

patient is motivated and involved in his treatment. Agree-

ing with this positive result, Dannewitz et al concluded in 

a retrospective study that the periodontal therapy results 

in good prognosis for molar in at least 5 years.7

A 10-years prospective study, associating periodon-

tally treated teeth and implants, found a rate of den-

tal survival of 95% and concluded that the rate of 

progression of insertion loss of teeth and implants is 

similar in the same patient.20

Furcation lesions of molars respond less favorable to 

SRP providing thus a greater risk to periodontal disease 

progression, in response to the complex anatomy of 

the area.2 Although, Huynh-Ba et al in a systematic re-

view find authors who defends the non-surgical therapy 

as been effective on prevention of progression of inter-

radicular disease between teeth with first degree furca-

tion involvement. These authors obtained survival rate of 

90.7% to 100% in treated teeth only with SRP that had 

been accompanied of 5 to 9 years. The review also ad-

dresses authors who additionally to the SRP defends the 

idea of treat the second and third degree furcation lesions 

with tunneling, where was found a survival of 42.9% to 

92.9% in one period of observation of 5 to 8 years. In re-

section and/or root splitting procedures, the survival rate 

on the evaluated studies was 62% to 100% in an average 

of 5 to 13 years of accompaniment.16

It is clear there are many alternatives for the treatment 

of furcation lesions that are almost always related to 

the degree of lesion and then, therefore, its presence is 

not synonymous of needing of extraction, since when 

well indicated the success of treatment can be similar 

to the implant.21 Among the procedures most commonly 

used to the treatment of furcation involvements we can 

cite: the subgingival scaling with or without surgical flap, 

furcation plasty, tunneling, root hemisection and resec-

tion and guided tissue regeneration (GTR).16 The adjacent 

alveolar bone level must be considered a critical factor to 

the therapy’s choice, mainly regenerative therapy to fur-

cation lesions of first and second degree. There will be 

greater predictability of this therapy when the level of in-

terproximal bone is coronally located.37

A GTR has been a major goal of treatment of furcation 

lesions, however, not even all lesions can be regenerated 

with predictability,9 which makes the respective proce-

dures, used for more than 50 years, remain with signifi-

cant procedures on periodontal therapy of these lesions. 

The review of Huynh-Ba et al also evaluates the survival 

rate of GTR associated with SRP in the period of 5 to 12 

years, been this of 83.3% to 100%. It, one more time 

shows that the adequate indication together with the pa-

tients cooperation will be the greatest responsible of suc-

cess of any therapy.16

In 2001 Fugazzoto10 in a retrospective analysis evalu-

ated records of patients treated by the root resection 

technique, by the same dentist, independent of these pa-

tients realize periodic maintenance visitation or not. It is 

concluded that the realization of root resection seems to 

be more attractive choice (if one tooth already had end-

odontic treatment) than its removal and implant instal-

lation. These findings agree with the study  of Warren’s 

et al,46 that also observed that patients who already real-

ized some investment in procedures to treat a determined 

tooth, chose to alternative therapies in order to keep, once 

had already done a financial investment. However, one 

tooth that requires extensive treatment and yet would 

present a compromised prognosis must have a extraction 

as one alternative of therapy to be considered, after anal-

ysis of determining factors of already cited prognosis.10,36
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By endodontic perspective, the treatment on canal sys-

tem shows a good index of success in long term. In the 

retrospective study of Lazarki et al,25 that evaluated more 

than 110.000 endodontically treated teeth accompanied 

for period of 3.5 years, the rate of success found was 

94.44%. Salehrabi and Rotstein42 evaluated more than 

1.1 millions of patients during 8 years and found 97% of 

success. In this way, a systematic review found rates be-

tween 86% and 93% of survival of endodontically treated 

teeth of 2 to 10 years of accompaniment.35

A prospective study of 2 to 4 years of accompaniment 

found a rate of 95% of survival to the 858 teeth that re-

ceived endodontic treatment and with no difference of 

rate of first time treated canals.34 High rate after end-

odontic retreatment also had been demonstrated in the 5 

years study of Salehrabi and Rotstein.43 Thus, in cases of 

failure of endodontic treatment, the retreatment must be 

always considered, since the cause of failure is diagnosed. 

for this, must pay attention to the root length for an ad-

equate apical sealing, possibility of incomplete vertical 

fracture or presence of occlusal forces contributing to the 

failure of the treatment.36

The author O’Neal and Butler suggest that the cost and 

amount of visitations the patient needs to accede a conser-

vative treatment as the root retreatment and the installa-

tion of core/pin and crown is significantly greater than the 

implants rehabilitation alternative.36 Anson1 in a literature 

review professes the installation of implants over core/pin 

or crown rehabilitation, once the implants are not suscep-

tible to root fractures and failure on endodontic treatment. 

However, most of dentistry treatments, when realized un-

der ideal conditions of indication and execution, present 

high level of success. Thus, even implants are liable of fail-

ure when the clinic and biological challenge is high.

In a comparative review about treatment of endodontical-

ly treated teeth and implants, Iqbal and Kim17 concluded 

that although implants are good therapeutic alternatives 

for endodontically compromised teeth they promote 

surgical pain/inflammation, are double the price of the 

therapy of non-surgical canals, are associated to greater 

intervention after treatment, and do not have better sur-

vival than endodontic treatment. Thus, assert teeth that 

can be treated endodontically must not have implants as 

a routine therapy, being these reserved only in cases of 

“terminal stage” teeth.

Related to restorative aspects, surgical clinic crown aug-

mentation should be avoided in aesthetic areas, because 

it will result in gingival recession and consequent aesthet-

ic defect. In these cases, the orthodontic traction even if 

slower and more expensive might be a viable alternative. 

Evaluation also needs to be done when the subgingival 

extension of preparation, according to the root length, so 

after the procedure of clinic crown augmentation the rela-

tion crown/root does not become unfavorable.11

Greenstein et al,11 in their literature review, cite authors 

who comment the magnitude of evaluate the functional 

load that will impact over the restored tooth. Some stud-

ies show fixed partial prosthesis that use endodontically 

treated teeth as buttresses tends to fail more frequently 

than having vital teeth as buttresses. Lundgren et al29 ob-

served that in modern dentistry both professional and pa-

tients have preferred the fixed rehabilitations than remov-

able. Comparing with fixed partial prosthesis, the greater 

benefit of using implants is avoiding the preparation of 

healthy teeth adjacent to themselves.

Recently a longevity of teeth and implants have been 

focus of several reviews and what is been observed on 

literature is that dental implant does not overtake the 

tooth in terms of survival.13 Even though a compromised 

tooth by the loss of vitality and periodontal insertion is 

comparable to an implant, if this tooth obtained success 

on its treatment (Table 2).28 By his systematic review, 
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Tomasi et al45 concluded that in patients clinically well 

maintained the survival rates of teeth are higher than im-

plants, as well as changes in bone levels seem to be small-

er in teeth than in implants after a minimum of 10 years 

of accompaniment, highlighting the difficulty of compari-

son due the heterogeneity between the studies. In this 

context, it is important to remember that the longevity of 

osseointegrated implants might be compromised by in-

fections in the tissues that lay on and support in function 

(peri-implant mucositis and peri-implantitis) and by oc-

clusal overload.44 In study of Karoussis’s et al,21 compared 

the survival rate, of implants success and the incidence 

of peri implantitis in patients who lost their teeth due 

periodontal disease or other reasons as, for example, root 

fracture. The survival rate of implants, in patients with his-

tory of periodontitis, was 90.5%, whereas the group of 

patients without history of periodontitis obtained 96.5%. 

In the group of compromised patients by periodontal dis-

ease, there was a greater incidence of peri-implantitis 

(28.6%) than the group of healthy patients (5.8%).

Thus, although the implants are placed in the middle of 

the relatively healthy tissues, complications and failures 

occurs even before the osseointegration of implant (early 

loss of implant), or after one well succeed osseointegra-

tion (later implant loss).38 From the problems that can 

attack the implants, the failure in osseointegration is the 

most relevant of these, once it directly influences the suc-

cess of treatment. Furthermore, the preparation and posi-

tioning of implants are procedures of surgical nature that 

carry common risks to the surgical procedures, including: 

bleeding, neurosensitive disturb and the possible devital-

ization of adjacent tooth.44 Therefore, as far implants as 

dental treatments shows their limitations.

There isn’t in literature a consensus in respect to the sover-

eign of one technique over another for the treatment of dif-

ferent clinical situations. The consensus is to make the ade-

quate indication for each technique for each situation and for 

each patient, as well as its insertion on maintenance therapy 

aiming the success of long-term implemented therapy.

R = retrospective study. P = prospective study. PT = periodontal treatment. IP = implants placement. RR = root resection. ET = endodontic treatment. ER = endodontic retreatment.

Table 2 - Summary of results found in the studies.

Study Type Treatment # Follow up (years) Survival

Dannewitz et al7 R PT-molars 505 ≥ 5 87%

Fugazzoto10 R
RR-molars 701 ≥ 15 96.8%

IP 1472 13 97%

Karoussis et al20 P
PT 179

10
95%

IP 179 95%

Lazarski et al25 R ET 110.000 3.5 94.44%

Salehrabi, Rotstein42 R ET 1.4 million 8 97%

Salehrabi, Rotstein43 R ER 4.744 5 89%

Ng et al34 P
ET 759

2 a 4
95.4%

ER 856 95.3%

Karoussis et al21 P IP 112 10 90.5 a 96.5%

Levin et al26 R IP (molar unit) 81 0.5 a 10 92.6%
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Abstract
Introduction: The minimally traumatic retrieval implant technique is a treatment that uses a tapered screw coun-

terclockwise device. This tool can break the osseointegration and retrieve the implant easily. Objective: The aim 

of this paper is to show a clinical case report where this technique was used in implant failure and to show the 

advantages and disadvantages of other treatment alternatives. Conclusions: This new approach suggests that 

this explantation can preserve the peri-implant bone tissue and the adjacent teeth, there is a reduction of treat-

ment time and in the morbidity associated with bone reconstruction. It seems an effective technique for removal 

of implants, ensuring predictability to retreatment.

Keywords: Dental implants. Retreatment. Device removal.
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Introduction
Implant-supported restorations provide a predictable 

tooth replacement treatment because success rates are 

high.1 However, failures can occur in implant treatments.2,3 

For adequate management and retreatment is necessary 

to identify the causing factor of the failure, to try to fix it 

with a different approach.

 

Late failures occur after total or partial osseointegra-

tion of the implant surface subjected to occlusal load4 and 

jeopardize patient satisfaction and aesthetic function.5 

Among the causes are peri-implantitis, occlusal over-

load,3 prosthetic problems, inadequate three-dimensional 

positioning of the implant and deficient tissue volume 

that was previously uncorrected.

 

The treatment selection comes with a difficult deci-

sion: maintaining the implant or not. For a long time the 

maintenance of the implant was the first option of treat-

ment, since the implant retrieve with late failure is com-

plicated and traumatic, can lead to consequences that 

jeopardize the function and esthetic results.6

 

Broadly used in histological research to obtain in vivo 

samples, the trephine drill is also used in explantation in 

a peri-implant bone-wear technique.7 The drawbacks of 

this technique are the excessive bone wear, which may 

put in risk the adjacent teeth, leading to further required 

bone grafting; difficulty in cooling the drill, and causing 

overheating bone necrosis; and the increased time for the 

rehabilitation of the supported implant, due to waiting for 

the bone healing after grafting.

 

Nowadays there is a dental device which disrupts the 

osseointegration, unscrewing the implant with or with-

out minimal bone damage.6 It consists of a conical screw 

counterclockwise which connects inside of the implant, 

and when rotated, with the aid of a ratchet, attaches to 

the implant, removing easily with minimal trauma.

 

The aim of this article is to discuss different treatment 

options in late failure implants, showing the advantages, 

disadvantages, indications and contraindications of each 

technique, and present a new treatment option: a mini-

mally traumatic explantation.

 

Case report
Male patient came to private clinic with complaints 

about the aesthetic result of previous treatments (Fig 1). 

The patient was partially edentulous, with chronic peri-

odontitis and had an implant crown in the region of 

tooth 21, where there was great loss of vestibular tissue 

volume. The periodontal biotype was intermediate and 

smile line was average. Peri-implant bone loss was ob-

served, radiographically and tomographically, (Fig 2 and 

3) in the region of 21. There was no spontaneous bleed-

ing or oozing in this area.

 

This patient began treatment with periodontal ther-

apy. Old restorations were removed and provisional 

crowns were made in an attempt to provide an esthetic 

result that would satisfy the initial aspirations of the 

patient (Fig  4). The crown on the implant of 21 was 

removed, in an attempt to cover it with soft tissue for 

Figure 1 - Clinical case initial image.
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a period of three weeks. After concluding this set of 

provisional crowns, a great deficiency of previously un-

corrected soft tissue, the presence of a large space be-

tween the roots of the 11 and 22 and the gingival level 

variation of teeth 11, 22 and 23 were observed in the 

region of the implant (Fig 5-7).

 

We decided to restore the ideal gingival contour with 

a clinical crown augmentation surgery followed by an im-

plant removal in the region of tooth 21 with simultaneous 

alveolar bone regeneration and the correction of the tis-

sue deficiency with connective submucosal tissue graft.

  Figure 2 - Radiographic 
and tomographic 
initial images of 
the clinical case.

Figure 4 -	Clinical case after the provisional crowns. Figure 5 -	 It can be observed the large deficiency in the implanted 
tissue, the presence of a wide diameter between teeth 11 and 
22 and the gingival ideal level variation of teeth 11, 22, and 23.

Figure 6 -	Again, it can be observed the large deficiency in the implanted tissue, the presence of a wide diameter between teeth 11 and 22 and the gingival 
ideal level variation of teeth 11, 22, and 23.

Figure 3 - Radiographic 
and tomographic 
initial images of 
the clinical case.
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In an attempt to decrease the cost, time and number 

of interventions in the treatment of the patient, primarily, 

we tried to accomplish the minimally traumatic explan-

tation. If this procedure fails, a conventional procedure 

would be performed with drills, trephines and forceps.

 

Intrasulcular incisions followed by internal bevel 

incisions were made to remove the excess of gingi-

val tissue (Fig 8 and 9) and flapless osteotomy was 

performed in the adjacent teeth of the implant with 

provisional crowns in place. A supracrestal incision 

mildly shifted toward the palate was held between the 

dihedral angles of the teeth 11 and 22 (Fig 10). The flap 

was folded, making ideal conditions for visualization of 

the implant (Fig 11). The conical retrieval was insert-

ed into the implant screwing it in a counterclockwise 

direction, and this set was connected to the ratchet. 

Counter-torques are given in the ratchet until it breaks 

osseointegration and enable the implant to be removed 

progressively (Fig 12, 13 and 14).

 

Figure 8 - Supracrestal incision slightly palatal shifted. Figure 9 - Occlusal view after flap folding.

Figure 7 - Incisions for removing excess gingival tissue.
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After removal of the implant (Fig 15) we inspected the 

integrity of the alveolus. It was filled with a slow resorp-

tion biomaterial Bio-Oss® and then a subepithelial con-

nective tissue graft was performed, transplanted from 

the palate, under the flap from the buccal surface to the 

Figure 10 - Implant gradually being removed. Note the opposite direction of the tapered threads remover compared to the implant.

Figure 11 - Occlusal view of the alveolus after explantation. Figure 12 - Alveolus filling with biomaterial.

Figure 14 - Provisional crowns repositioned and recemented.Figure 13 -	 Suture after covering with a connective tissue graft.

cervical ridge, stabilized by sutures (Fig 16 and 17). Then 

the crowns were relieved in the bridge, repositioned and 

cemented (Fig 18). A new procedure should be performed 

in 8 months after complete healing and remodeling of the 

bone tissue.
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situations where there are minor tissue deficiencies that 

were previously uncorrected and exposure of a few im-

plant threads, provided that they are decontaminated and 

that the implant has proper tridimensional placement.11,12 

The tissue defects presented in our case made it impos-

sible to use the implant, but the subepithelial tissues graft 

allowed greater gain in vestibular thickness for future re-

implant in the region.

 

Temporary submerged-implant

The submerged-root is a technique that emerged be-

cause of the impossibility to use prosthetical disabled 

teeth.13,14 The extraction of these teeth would lead to 

vestibular bone resorption and loss of tissue volume; the 

submerged-root technique preserves the tissue volume in 

that area. Temporary submerged-implant technique pro-

motes a gain of soft tissue in the regions of implant expo-

sure and may be associated with subepithelial connective 

tissue grafting techniques. It is recommended to recover 

in case of exposure of the platform and / or the threads 

of the implant, tissue deficiencies, or peri-implantitis. 

However the technique is contraindicated in cases where 

there is no decontamination of the threads. In the clinical 

case described, the temporary submerged-implant could 

be performed in order to be able to recover the implant 

platform with soft tissue, since the biomaterial Bio-Oss® 

was placed in the alveolus after explantation and this 

would not be exposed to the oral cavity.

 

Surgical relocation

This technique is indicated in cases of incorrectly 

positioned implants with great prosthetical limitations 

without the presence of peri-implantitis. It consists of re-

moving and repositioning of the implant bone block and 

can be performed with drills, chisels and / or piezosonic 

scalpel.15,16 This last offers lower post-surgical trauma, 

because it does not generate osseous heat and performs 

a more delicate osteotomy. The limitations of the tech-

nique are the risk of slicing the adjacent dental roots, 

Bibliographic review and discussion
There are many options to treat late failures in Implan-

tology. Each technique have its directions, advantages and 

disadvantages. These are described below and related to 

the clinical case reported.

 

Treatment options with the maintenance of the implant

Using an implant prosthesis

Dental-gingival prosthesis

The offsetting of soft tissue in an implant prosthesis8,9 

is indicated in cases of advanced uncorrected tissue de-

ficiencies, preferably in multiple implants, and patients 

resistant to surgical treatment options. This artifice al-

lows a balance of form and height / width ratio, dental 

papilla to be at an ideal height, a correct dental axis, seal-

ing of air during speech, smile line and optimal gain of lip 

support in cases of severe tissue defects. The limitations 

of the technique are the height of the smile, the tissue 

conditioning to correct emergence profile and mainte-

nance of oral hygiene. There is the need for strict control 

of plaque by the patient and due to this factor was not 

opted for this alternative treatment in the clinical case 

reported. There is the need for strict control of plaque by 

the patient and due to this factor, this treatment option 

was not choice for the clinical case reported.

 

Connective tissue graft associated with techniques

The subepithelial connective tissue graft10 is a surgi-

cal technique that emerged from the periodontal plastic 

surgery in order to recover roots on exposed areas and 

/ or form a band of keratinized tissue where there is an 

absence. In the Implantology this technique may be em-

ployed before, during or after implantation, and may be 

performed in more than one surgical approach. The best 

donor region is the palatal mucosa and the technique of 

choice with less postoperative discomfort is the technique 

of linear incision with suspended sutures, which reduces 

the risk of bleeding and enhances the healing process. In 

late failure implants, this technique is recommended in 
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the difficulty in fixing the block and poor access (in some 

cases). Because of the difficulty of the technique, it 

has become a less used option. This technique has 

not been shown in this case because there was peri-

implant bone loss.

 

Surgical peri-implantitis regeneration therapy

Some studies indicate the possibility of a regenera-

tive surgery, and even re-osseointegration, in implants 

disabled by peri-implantitis. Despite being a recent 

issue, the etiology of periodontal disease and peri-

implant disease are similar, but the second has much 

more rapid progression due the absence of the peri-

odontal ligament and the difficulty of complete decon-

tamination of screw threads. The main objective of the 

technique is decontamination and the filing of the im-

plant threads with drills and ultrasonic instruments.18,19 

Antiseptic solutions, topical antibiotics may be used, 

along with, in some cases, grafts and biomaterials for 

covering bone defects. It is indicated only in cases of 

well positioned long implants, with a maximum of one 

third of the height jeopardized of the bone loss, and / or 

supporting extensive prosthetic rehabilitation. Because 

of the large bone loss around the implant, difficulty of 

the technique and high cost, this alternative treatment 

has not been ruled out for this clinical case.

 

Without using an implant prosthesis

Permanent submerged-implant

The implant failure may lead the patient to frustration 

regarding surgical approaches and so prosthetic conven-

tional treatments can be a solution in such cases. In re-

gions that the adjacent teeth are present, conventional 

fixed prostheses or adhesive prostheses3 are two options, 

with or without association of a connective tissue graft 

to correct defects in the volume of the pontic area. Due 

to the need for a surgical procedure, like clinical crown 

lengthening surgery in the adjacent teeth, and by the 

choice of the patient, this technique was not chosen.

 

Treatment options without implant maintenance

Implant removal

Traumatic techniques of explantation

Many times late implant failures render impos-

sible prosthetic rehabilitation with adequate function 

/ esthetic, and thus, the removal of dental implants 

becomes a required solution. However, conventional 

techniques of explantation are traumatics7 because 

peri-implant bone tissue is unnecessarily filed. For this 

reason this kind of procedure becomes the last treat-

ment choice in cases of failure.

 

Carbide and trephine drill (Fig 19) produce bone heat-

ing due the difficulty of cooling and induce necrosis after 

surgery, remove unnecessary peri-implantar bone tissue 

and create a risk of injury to the adjacent roots. Conven-

tional instruments of exodontia technique, such as root 

elevators, tooth forceps and bone rongeurs, have a lim-

ited efficiency in the removal of dental implants. Those 

boorish instruments can injure the buccal peri-implantar 

bone wall. Recently an electrosurgical device for implant 

remove emerged20 to make the approach easier. Howev-

er, this procedure causes thermal necrosis and indicates 

high peri-implantar bone trauma. Piezosonic scalpel can 

be used in this technique too, but it leads to unnecessary 

removal of the peri-implantar bone also.

 

Minimally traumatic technique of explantation.

The minimally traumatic implant removal appeared 

to make the explantation easier.6,21 The conventional 

approach can lead to a clinical case with additional re-

constructive procedures, delayed healing, damage to 

adjacent teeth, complex operation, high costs and risk 

of impossibility of future reimplantation in the same 

area. Being a high-risk technique, it has turned into the 

last treatment option or even ruled out of the question.

The explantation by counterclockwise torque was 

used22 to evaluate in rabbits the implant osseointegration 
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with different surface treatments. Another study23 eval-

uated in vivo the amount of torque required to remove 

orthodontic mini implants with surface treatment. They 

concluded the removal torque was 67.91 ± 12.47 N and 

varied according the implanted area.

As described in recent literature,6 there emerged in 

the dental market a counterclockwise threaded coni-

cal device (Fig 20), which by imbrication with the im-

plant’s inner surface, and connected to a ratchet, can 

transfer the torque load from the ratchet to the implant, 

breaking the osseointegration and easily unscrewing 

the implant (Fig 21). The need for tissue reconstruction 

is reduced because it causes less trauma and does not 

need to remove periimplantar bone, which would lead 

to less time for a new reimplantation or even immedi-

ated reimplantation after the explantation.

 
Figure 15 - Trephine drills of different diameters.

Figure 16 -	Tapered removers available in the dental market of the 
brands: Nobel Biocare (Zurich, Switzerland), Kopp 
(Curitiba, Brazil) and Maximus (Contagem, Brazil), from 
left to right, respectively.

Figure 17 - Dental implant explanted with the conical remover.
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Another article21 reports the use of a implant re-

move kit with the conical tool and trephine drills to 

cervical osteotomy. It was observed that when used, it 

decreases the necessary torque required for removal, 

and it is in the range of 80-200N.

 

The tapered remover works from a mechanical prin-

ciple and is widely diffused in the mechanics for the re-

moval of broken screws (Fig 22).

 

The sequence suggested by the authors to use the ta-

pered device is:

1)	 Widening the internal implant hole – aiming to 

establish better positioning of the tapering tool 

in the implant and avoid fracturing of the part 

caused by partial or improper settling.

2)	 Osteotomy in switching platform implant – this 

type of implant may have a accommodation of 

bone tissue in the cervical area and platform of 

the implant, which can enhance the stress gener-

ated in the remove and hinder it.

3)	 Attach the removal device in the implant – 

this should be done by threading the tool in a 

counterclockwise direction, being careful to stabi-

lize it on the same axis of the implant.

4)	Snap on the removal device with ratchet – a 

ratchet, in good condition, with a counterclock-

wise orientation must be used, so that there is no 

damage to internal components, as the torque 

can reach 200N.

5)	 Rotate the set in a counter-clockwise direction 

– the removal tool is progressively locked inside 

the implant until it is stabilized by the increased 

resistance.

6)	 Load the ratchet until it breaks osseointegration –

this force varies according to the implanted area and 

the implant surface treatment. The ratchet must be 

stabilized with your fingers against the implant (Fig 

23) because at this point a fracture risk arises.

7)	 Unscrewing the implant – which is easily removed.

8)	 Inspection of explanted area – the integrity of the 

alveolus bone walls are assessed, which will guide 

the decision to do an immediate reimplantation, an 

early reimplantation or a delayed reimplantation 

that can be performed at this time, following the 

bone graft.

 

Figure 19 -	Dental implant being unscrewed from the tapered ratchet 
remover by means of counterclockwise torque (image 
courtesy of Nobel Biocare Services AG).

Figure 18 -	Tapered remover used in mechanical removal of screws.
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In this suggested sequence we observe that we can 

perform a flapless surgery. In this clinical case we chosen 

by flap the mucosa, since there was a previous osteotomy 

and needed to grafting after explantation. We could have 

a direct visual inspection of the peri-implant bone walls 

with the flap approach. After the period of bone remodel-

ing, approximately 8 months due to the use of biomate-

rial,24 a new, more apical and shifted toward the palate 

implant will be installed.

 

In clinical cases of unaltered bone walls and with ade-

quate height and thickness, we suggest that reimplantation 

may be performed subsequent to the minimally traumatic 

explantation surgery, which would decrease even more 

time and costs to prosthetic rehabilitation treatment. In 

the clinical case described, the bone walls were thin and 

we chose to fill the socket after explantation with Bio-Oss® 

biomaterial, and at the same time performed a subepithe-

lial connective tissue graft. The proposed to use is a xeno-

genic biomaterial in order to reduce the buccal bone wall 

resorption, as occurs in cases of sockets after exodontia. 

However we can not say that the behavior of sockets after 

explantation is equals the sockets after dental extraction, 

which suggests further studies on this subject.
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Abstract
Introduction: The clinic form is an essential tool for the execution of any periodontal procedure. Its finality is to 
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The purpose of this work is to emphasize the importance of the periodontal clinic form and propose a guidance 
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Introduction
The periodontal form, present on dental clinical records, 

was defined as a document in which it can be recorded 

and kept all information regarding the patient, from his/

her systemic health condition to clinical particularities, 

that will guide his/her treatment needs.1 This documen-

tation, based on the individual response of each patient, 

helps to improve the diagnosis accuracy, inform the cor-

rect prognosis and elaborate an appropriate treatment 

plan.2 The periodontal clinic form is one of the compo-

nents of the dental record. Besides the clinical forms, it 

is also part of the dental record: Prescriptions, recom-

mendations, certificates, complementary exams, ra-

diographs, photographs, models and other documents, 

that must be correctly executed and stored by the pro-

fessional.3 Recording data becomes essential especially 

to follow the treatment development, for revaluation 

of each phase and to follow the case in the long term.4 

Many professionals, although perform an appropriate 

technical work, end up not recording correctly the in-

formation obtained before, during and after treatment, 

by negligence or, most of the time, because they don’t 

have an embracing clinical form or of easy fill out. It is 

important to emphasize that the dental documentation, 

when correctly done, shows technical efficiency from 

the professional in his practice, besides, it can be used as 

evidence in eventual civil suit, criminal procedures, ethi-

cal process, and as consultation tool in cases of human 

identification.5 The present study has as objective to in-

troduce an specific periodontal clinical form, in a simple, 

concise and complete way that allows the correct elabo-

ration of the patient’s treatment and that facilitates re-

storing all relevant data in every appointment, providing 

a model that can guide professionals or educational in-

stitutions on the elaboration of their own clinical forms.

Material and Methods
For the elaboration of a periodontal clinic form model, 

it was performed a study of the main articles related to 

the subject and an investigation of the data contained 

on periodontal forms used in some graduation courses 

in Brazil and abroad.6 The personal, medical and den-

tal questioning as well as periodontal charts and pro-

cedure forms were analyzed and compared with one 

another. All relevant data were collected and new data 

were introduced for the elaboration of a new periodon-

tal clinic form model, updated and integrated with the 

medical specialties. The form is constituted of: 

Term of commitment

The negligence on anamnesis characterize professional 

mistake, and may subject to ethical and legal sanctions. 

Therefore, professionals must explain to their patients 

about the importance of having access to all clinical in-

formation for the sake of their own health and success 

of the dental therapy.7 In this form model, the patient 

is responsible for the veracity of the information and 

authorize the use of the material for didactic purposes 

and research, becoming particularly important for the 

clinical forms of educational institutions or research 

centers (Fig 1).

Register

This item contains the patient’s data usually found in 

most forms: full name, date of birth, profession, civil 

status, ID, SSN, gender, filiation, home address, contact 

phone numbers.8 Besides, data related to the name of 

the spouse or close people are fundamental to second-

ary contact in case of complications during treatment. 

The name of the doctor is also necessary to allow ac-

cess to further information about the state of health, 

prescription of medicines or availability of certain pro-

cedures (Fig 1). 

Chief complaint

The chief complaint is a key component. It will deter-

mine the beginning of the intraoral exam, for it is the 

main objective of the appointment for the patient.9,10 
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The correct comprehension of the patient’s complaint 

facilitates the good relationship between patient and 

professional and his satisfaction with the treatment. 

Obviously, the professional must expound other find-

ings from the intraoral exam that are, many times, 

more important than the chief complaint reported and 

orientate the patient regarding all other necessary pro-

cedures that must be prioritized so that it is possible to 

effectively promote oral health (Fig 1).11 On the “Obser-

vations” item below the “Chief complaint” the profes-

sional can included other information such as: difficulty 

to express or communicate about the chief complaint 

from the patient, degree of concern about the reported 

event and other relevant information.

Medical history

The performance of the medical history investigation 

provides support so the surgeon dentist correlates the 

systemic state of the patient with his dental history, 

providing relevant information for the clinical diagnosis 

and elaboration of the treatment plan associating them 

to medical specialties.12 As the periodontal disease 

etiology is multifactorial, diseases or systemic altera-

tions can directly affect the host compromising his im-

mune response, accelerating or increasing the progres-

sion and tissue destruction caused by the disease. The 

same way, the periodontal disease may cause some 

systemic alterations as cardiopathy, chronic pulmo-

nary alteration among other things.13-18 It is important 

to know the relation of the medication used by the pa-

tient, either for the possibility of interaction with oth-

ers eventually prescribed or for alterations in the oral 

cavity and on periodontal tissues that it may cause.17 

On the presented survey there is a differentiated space 

for prescribed and non-prescribed medication. It is 

important to emphasize that the intake of medication 

without the prescription of a professional is a fact very 

commonly found and it can lead to complications and 

cause interference on the treatment, if not reported. 

Any cases of allergy must me recorded, including food, 

drugs or dental material sensibility. For women, it is im-

portant to record situations characterized by hormonal 

alteration such as puberty, menstrual cycle, pregnancy, 

menopause or the use of contraceptive.18 The medical 

history of this form was carefully elaborated aiming to 

obtain as much information as possible regarding the 

patient’s current and previous general health state, to 

allow a safe and integrated clinical management with 

his condition (Fig 2).

Figure 1 - Term of commitment, register and chief complain.
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Dental history

The suggested survey is composed of direct ques-

tions that aim to record all data related to habits of 

hygiene, parafunctional, periodontal problems such as 

gingival mobility and bleeding, reactions to anesthe-

sia, complications in previous dental treatments and 

performance of treatments from other specialties19,20 

(Fig 3). These data are import so the surgeon dentist 

has an overview of the patient’s oral health condition 

or, at least, of the perception that the patient has re-

garding his own oral health.

Examiner’s comments

This area located right below the Dental history, allows 

the addition of extra data collected from the dental or 

medical history, besides others impressions from the 

professional that can assist on the diagnosis, planning 

and execution of the treatment, such as socioeconomic 

aspects, motivation, expectation of cooperation, intel-

lectual capacity of comprehension of the disease or the 

treatment or other complementary information collect-

ed on the dialogue with the patient and not specified 

in other areas (Fig 4). This area is also used for that 

Figure 2 - Medical history. Figure 3 - Dental history.
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alterations of data from medical and dental history, re-

ported in return visits after significant period of time, 

can be updated, adding them without having to fill out 

another form. There are specific spaces to record the 

updates dates.

Complementary exams

Among the complementary exams that may assist on 

the diagnosis, the radiographs are one of the most fre-

quently required.21,22 Regarding microbiological tests, 

they can be requested to assist on specific identifica-

tion of pathogenic microorganism in the sulcus. These 

tests provide information that can guide the clinician 

on the determination of when or which antimicrobial 

agent could particularly provide a therapeutic benefit to 

the patient.23 Laboratorial tests such as hematological 

analysis (glycemia, clotting time, platelet count), im-

munoassay and hormonal test are extremely important 

to assist the management of patients during the treat-

ment of periodontal disease. The laboratorial tests can 

be required as result of oral findings or when aspects of 

the treatment can potentially affect the patient’s sys-

temic health. Many times, the laboratorial exams are 

necessary to confirm a systemic disease or monitor its 

current situation.24 All required exams, as well as its 

results must be carefully recorded in this item (Fig 4). 

There are spaces designated for recording the dates of 

these exams updates.

Periodontal chart

The periodontal chart work as a guide for a direct 

exam and to record the patient’s conditions. It is also 

used to evaluate the response to the treatment and for 

comparison to posterior visits.25 The periodontal chart 

elaborated for this form (Fig 5) enable in a simple and 

quick way the recording of all periodontal alterations. 

Through the use of the signs described on the legend, 

the professional can mark the main clinical findings 

associated or predisposing to periodontal disease, 

such as: presence of diastema, open contact, food im-

paction, excess of restorations margins, degree of com-

mitment of furcation lesions, degree of dental mobility, 

mesialization or distalization of the dental elements, 

presence of bleeding on probing, absence of papilla and 

presence of endodontic lesions. The boards above the 

dental diagram are designated to measurement of prob-

ing depth (PD), recession measure (Re) and amount of 

gingiva measure (Ge) on the initial appointment and 

after periodontal therapy. Although the absence of 

space related to insertion loss, fundamental item on 

periodontal analysis, it can be obtained through sum of 

Figure 4 - Examiner’s comments and additional exams.
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the recession (if existent) with the probing depth. On 

the boards denominated “Observations” located below 

and above the legend, it can be added other explana-

tions about situations not enough graphically clarified. 

It is emphasized the importance of recording the date 

of the information note to allow evaluate the evolution 

of executed treatment on posterior measurements.

Plaque index (O’Leary)

The plaque control record was developed to give the 

dentist, the sanitarian or the educator a simple method 

to record the presence of plaque on individual surfaces 

of the teeth (mesial, distal, buccal, lingual). The re-

cord allows the patient to visualize his own progress 

on plaque control and works as motivator.26 The index 

used was the O’leary’s due to greater facility to take 

notes and for the fact of being the one of greater ac-

quaintance among academics.27 In this space, below 

the records, it is found the formula for its attainment, 

facilitating its application in case of unawareness. 

There is space for six evaluations (Fig 6) that will be 

recorded on sessions determined by the professional.

Observations

This item is reserved for additional data verified by the 

examiner concerning the patient’s hygiene. Other ori-

entations may be recorded such as brushing technique 

and frequency or type of suggested toothbrush, new 

orientations, collaborations and other relevant infor-

mation (Fig 6).28,29,30

Diagnosis

The correct periodontal diagnosis is an essential veri-

fication that will determine the efficiency of the treat-

ment. In periodontal practice, the diagnosis is deriva-

tive from information obtained on the patient’s medi-

cal and dental survey combined to findings of a deep 

oral exam. All signs and symptoms associated to the 

current condition must be considered before conclud-

ing the diagnosis. In some cases, additional informa-

tion derivative from laboratory exams are useful on the 

global process of decision-making. Experienced clini-

cians prefer using the term differential diagnosis which 

is a list of possible diagnoses for that situation, orga-

nized from the most likely to the less likely. This pro-

vides the clinician other diagnostic options, in case the 

initial hypothesis is mistaken (Fig 7).31

Prognosis

The prognosis is a preview of the probable course, dura-

tion and result of a disease based on general knowledge 

Figure 5 - Periograma.
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of the pathogenesis and in presence of risk factors. It is 

established after the diagnosis is done and before the 

treatment plan is determined.32 It will depend on sev-

eral factors as disease severity and cooperation from 

the patient (Fig 7).31

Treatment plan

After the diagnosis and prognosis have been estab-

lished, the treatment plan is instituted, based on col-

lected data from previous items associated to other 

dental and medical specialties. The treatment plan is 

the project for management of the case. On periodon-

tal therapy, many times, the treatment plan includes the 

following decisions: teeth to be kept or extracted, tech-

niques of pocket therapy – surgical or non-surgical that 

will be used, necessity of occlusal correction, endodon-

tic or orthodontic therapy, necessity of temporary resto-

ration, types of final restorations that will be necessary 

after periodontal therapy, teeth that will be pillars for the 

fixed prosthesis, esthetic considerations on periodontal 

therapy and therapy sequence.33 The space designated 

to this item is vast so it can be included several options 

of possible treatment to that specific case and not only 

the ideal treatment.29,34 Informed about all implications 

and after have done the choice for certain plan, the pa-

tient must date and sign on the proper lines (Fig 8).35

Figure 6 - Plaque index. Figure 7 - Diagnosis and prognosis.
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Economic plan

In case of private practice or institutions where the pa-

tients has to pay any fees, it is important to specify and 

record the cost of each procedure as well as the total 

cost of the treatment and the payment options. The 

patient’s signature points his approval to the proposed 

conditions (Fig 8).

Procedures: It is indispensable on the clinical form the 

detailed description of performed procedures and used 

materials during the treatment. Besides, it also must 

be recorded all typed of occurrences such as: Inter-

vention of other professionals, referral, modifications 

Figure 8 - Treatment plan.

on the treatment plan and its reason, cases of delays, 

patient’s absences and psychological behavior, hygiene 

condition and lack of collaboration.36,37 These data have 

legal value, as a way to prevent lawsuit, for well elabo-

rated clinical records will allow to explain the profes-

sional’s situation and define is he executed the correct 

procedures and conduct (Fig 9).38 It must be recorded 

the date and signature of the responsible professional. 

On the presented form, elaborated for academics pur-

poses, there is space for signature of the student re-

sponsible for the procedure.

Envelope

It gathers all data in an organized and convenient way 

(Fig 10). This envelope illustration has the traditional 

areas for filling in with the record number, patient’s 

name, treatment initiation year and name of the stu-

dents that performed the medical care (in case of 

educational institutions) and assembles a relevant 

differential on the superior left board: On it will be 

done, if necessary, an apparent mark aiming to quick-

ly recognize any important situation that needs to be 

considered during treatment. Laterally there is space 

to mention the aggravations to be considered. This is 

extremely functional since, many times, these data, 

when recorded on the clinical form, can go unnoticed 

in subsequent visits, especially after a relevant period 

of time since the initial appointment.

Logo

On figures 1, 5 and 10 it can be noticed the space re-

served for logo of the institution or private practice.

Results
The new model of clinical form was developed to offer 

to professionals and educational institutions a way of 

data storage that show in a succinct, yet complete, way 

all relevant and current information for an appropriate 

periodontal treatment plan (Fig 1-10). 
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Discussion
The definition of health, according to the World Health 

Organization, is not only based on the absence of dis-

ease, but on a complete state of physical, mental and 

social welfare.39 It is fact that the oral health has se-

rious implications on the human health, therefore a 

complete and adequate survey is necessary to obtain 

and record all relevant information for the beginning 

and progress of an efficient and safe treatment.15 The 

periodontal disease, defined as an inflammation of the 

dental supporting tissues that leads to progressive 

destruction of bone tissue and periodontal ligament40 

is one of the chronic diseases of greater incidence on 

the world population today.41 Even in developed coun-

tries it reaches over 85% of the adult population, af-

fecting one or two teeth.42,43 In Brazil, the percentage 

of individuals with periodontal disease is of 83% for 

adults between 35 and 44 years old, achieving 98.2% 

when considered the elderly between 65 and 74 years 

old.44 Being a multifactorial disease, the methodolo-

gies used until early last decade did not have a clas-

sic standard to determine the illnesses presented by 

patients, making it difficult to store information due to 

divergences on the classification.45-48 However, in 1999 

an international meeting defined, in consensus, a new 

classification of periodontal diseases based mainly on 

the modulation between microorganism and host, being 

distributed in multiple categories of disease.49 This new 

classification allowed clinicians and researchers to com-

municate more efficiently about the characteristic of the 

lesion acquired. This communication is through notes 

recorded on a periodontal clinic form  that, the more 

Figure 9 - Description of performed procedures.

Figure 10 - Envelope.
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standardized8 and easy to read, it facilitates the gath-

ering of data allowing multicenter studies to be per-

formed with a greater number of cases and increase 

the reliability of the presented results. An embracing 

and simple periodontal form model is of great utility 

specially for specialists on the beginning of their car-

riers when the concern with the adequate treatment 

plan and correct execution of techniques, associated to 

clinical inexperience may leave aspects prior to treat-

ment such as medical survey and a judicious periodon-

tal chart fill out on a second plan. A study performed in 

a university of São Paulo50 verified that during gradu-

ation course most of the academics do not entirely fill 

out the forms for the difficulty to read and interpret or 

absence of adequate symbology. Another study ana-

lyzed the periodontal forms from 10 Brazilian universi-

ties and verified the lack of adequacy to didactic and 

clinical needs of the analyzed forms. As an example it 

can be mentioned that from all assessed forms, only 

four presented the item “Medical history”, and from 

these, only one presented it appropriately.8 The pre-

sented form was developed to facilitate its reading and 

comprehension: an apparent mark on the envelope’s 

superior left board alerts for a supposed main problem 

(Fig 10). Then, there are items of full identification and 

medical and dental history with simple terminology 

(Figs 1, 2, 3). It presents, on the clinical part, a peri-

odontal chart where the dental structures are reported 

with dental format and not symbols, facilitating the 

reading and with markings positioned right above the 

referred teeth (Fig 5). Besides, it offers enough space 

for observations, diagnosis, prognosis, detailed treat-

ment and economic plans, where the patient’s signa-

ture is required making it mutual the responsibility for 

the execution and honoraria of the professional when 

necessary (Figs 7 and 8). It estimates a space for ex-

aminer’s comments and complementary exams (Fig 4) 

that will be recorded and become particularly impor-

tant in case of switching professionals or demand of 

other specialties. This form comprises all parameters 

for the recording of data and its formulation estimate 

certain versatility that can be adapted to academic 

purposes or private practice.

Conclusion
In Periodontics, there is a great difficulty to establish a 

periodontal form model, due to variety of collected data 

that must be converted systematically in a written and 

comprehensive treatment plan. When it is assessed 

the didactic matter, this difficulty is emphasized since 

it is necessary a form of easy comprehension, simple 

and that comprises and fulfill the present requirements 

needed to periodontal exam. Through the analysis of 

several periodontal forms and study of legal require-

ments, it was possible to elaborate a complete peri-

odontal form that allows the recording of procedures in 

a safe way that comprises all clinical data and findings 

that guide the periodontal treatment.
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Crown cementation over implant
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Effect of interimplant distance (2 and 3 mm) 
on the height of interimplant bone crest: a 
histomorphometric evaluation

Elian N, Bloom M, Dard M, Cho SC, Trushkowsky RD, Tarnow D. Effect 

of interimplant distance (2 and 3 mm) on the height of in-

terimplant bone crest: a histomorphometric evaluation. J 

Periodontol. 2011 Dec;82(12):1749-56. Epub 2011 Mar 29.

Background

Implants restored according to a platform-switching con-

cept (implant abutment interface with a reduced diameter 

relative to the implant platform diameter) present less crest-

al bone loss than implants restored with a standard protocol. 

When implants are placed adjacent to one another, this bone 

loss may combine through overlapping, thereby causing loss 

of the interproximal height of bone and papilla. The present 

study compares the effects of two interimplant distances (2 

and 3 mm) on bone maintenance when bone-level implants 

with platform-switching are used.

Methods

This study evaluates marginal bone level preservation 

and soft tissue quality around a bone-level implant after 

2 months of healing in minipig mandibles. The primary 

Abstracts of articles published in important journals of Implantology,
Prosthodontics and Periodontics from around the world

objective is to evaluate histologically and histomorpho-

metrically the affect that an implant design with a hori-

zontally displaced implant-abutment junction has on the 

height of the crest of bone, between adjacent implants 

separated by two different distances.

Results

Results show that the interproximal bone loss measured 

from the edge of the implant platform to the bone crest 

was not different for interimplant distances of 2 or 3 mm. 

The horizontal position of the bone relative to the micro-

gap on platform level (horizontal component of crestal 

bone loss) was 0.31 ± 0.3 mm for the 2 mm interimplant 

distance and 0.57 ± 0.51 mm above the platform 8 weeks 

after implantation for the 3 mm interimplant distance.

Conclusions

This study shows that interimplant bone levels can be 

maintained at similar levels for 2 and 3 mm distances. 

The horizontally displaced implant-abutment junction 

provided for a more coronal position of the first point 

of bone-implant contact. The study reveals a smaller 

horizontal component at the crest of bone than has 

been reported for non-horizontally displaced implant-

abutment junctions.
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A Retrospective Analysis of Implants 
Immediately Placed in Sites With and 
Without Periapical Pathology in Sixty-Four 
Patients

Fugazzotto PA. A retrospective analysis of implants imme-

diately placed in sites with and without periapical pathol-

ogy in sixty-four patients. J Periodontol. 2012;83(2):182-

6. Epub 2011 May 31.

Many patients requiring implant therapy present with 

hopeless teeth exhibiting periapical pathology. The ad-

visability of implant placement in such situations has 

not been conclusively determined. Methods: Sixty-four 

patients underwent therapy in their maxillary inci-

sor region. Treatment consisted of immediate implant 

placement in a site demonstrating periapical pathology, 

and immediate implant placement in a ‘‘pristine’’ site, 

either during the same visit or during separate visits. 

The implants placed in the sites demonstrating periapi-

cal pathology were followed in function for 117 months, 

with a mean time in function of 64 months. The im-

plants placed in pristine sites were followed in func-

tion for 120 months, with a mean time in function of 

62 months. Results: Two implants in the central incisor 

positions of one patient demonstrated 2 mm of buccal 

recession after 46 months in function. These implants 

were deemed esthetic failures, despite the absence of 

inflammation and continued clinical implant immobil-

ity, yielding cumulative survival rates of 98.1 and 98.2 

for implants placed in sites with periapical pathology 

and implants placed in sites without periapical pathol-

ogy, respectively, according to published criteria. Con-

clusions: Implants immediately placed in sites dem-

onstrating periapical pathology yielded results com-

parable to those immediately placed in pristine sites. 

The difference in survival rates was not statistically 

significant. J Periodontol 2012;83:182-186.

Variability observed in mechano-regulated in 
vivo tissue differentiation can be explained 
by variation in cell mechano-sensitivity

Khayyeri H, Checa S, Tägil M, Aspenberg P, Prendergast PJ. Vari-

ability observed in mechano-regulated in vivo tissue dif-

ferentiation can be explained by variation in cell mecha-

no-sensitivity. J Biomech. 2011 Apr 7;44(6):1051-8. Epub 

2011 Mar 5.

Computational simulations of tissue differentiation have 

been able to capture the main aspects of tissue formation/

regeneration observed in animal experiments—except 

for the considerable degree of variability reported. Un-

derstanding and modelling the source of this variability is 

crucial if computational tools are to be developed for clini-

cal applications. The objective of this study was to test the 

hypothesis that differences in cell mechanosensitivity be-

tween individuals can explain the variability of tissue dif-

ferentiation patterns observed experimentally. Simulations 

of an experiment of tissue  differentiation in a mechanically 

loaded bone chamber were performed. Finite element anal-

ysis was used to determine the biophysical environment, 

and a lattice-modelling approach was used to simulate cell 

activity. Differences in cell mechanosensitivity among indi-

viduals were modelled as differences in cell activity rates, 

with the activation of cell activities regulated by the me-

chanical environment. Predictions of the tissue distribu-

tion in the chambers produced the two different classes of 

results found experimentally: (i) chambers with a layer of 

bone across the chamber covered by a layer of cartilage on 

top and (ii) chambers with almost no bone, mainly fibrous 

tissue and small islands of cartilage. This indicates that the 

differing cellular response to the mechanical environment 

(i.e., subject-specific mechanosensitivity) could be a rea-

son for the different outcomes found when implants (or tis-

sue engineered constructs) are used in a population.
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Predatory bacteria: A future biological 
antimicrobial agent?

Van Essche M, Quirynen M, Sliepen I, Loozen G, Boon N, Van Eldere 

J, Teughels W. Killing of anaerobic pathogens by predatory 

bacteria. Mol Oral Microbiol. 2011 Feb;26(1):52-61. Epub 

2010 Nov 18.

Bdellovibrio and like organisms (Balos) can attack and 

kill gram-negative bacteria. The present study suggests 

that Balos could be potential living biological antibiot-

ics for the prevention and treatment of periodontitis. 

Since almost all periodontal pathogens are gram-neg-

ative, ideally they should all be susceptible to preda-

tion of Balos. On the other hand, commensal and / or 

gram-positive beneficial microbiota must be resistant 

to predation of Balos. The potential antimicrobial activ-

ity of various Balos — also known as predatory bacte-

ria — was studied against: 1) several major periodontal 

pathogens and 2) Agregatibacter actinomycetemcomi-

tans (Aa) in combination with the non-target micro-

organism Actinomyces naeslundii (An) (decoy). Thus, 

six strains were tested in BALO Aa [Porphyromonas 

gingivalis (Pg), Prevotella intermedia (Pi), Fusobac-

terium nucleatum (Fn), Sputigena Capnocytophaga 

(Cs), Eikenella corrodens (Ec)], An-Aa [Porphyromo-

nas gingivalis (Pg) , Prevotella intermedia (Pi), Fuso-

bacterium nucleatum (Fn), Capnocytophaga sputigena 

(Cs), Eikenella corrodens (Ec)] and An. Bdellovibrio 

bacteriovorus HD100 proved to be the most versatile 

predator, reducing the viability of four of the six patho-

gens tested. Significant reductions in the viability of the 

pathogen reached by Balos reached 3.04 log10 Aa, 2.99 

log10 for Ec, 2.70 log10 Fn, and 1.03 log10 Pi. The sec-

ond part of the study revealed no differences in Bdel-

lovibrio bacteriovorus HD100 predatory efficacy in a 

mixture of biofilm when different ratios of extract (Aa) 

against decoy (An) were tested. The overall results 

suggest that oral administration of BALO strains in high 

concentrations of inoculum has the potential to quickly 

decrease the numbers of a wide range of periodontal 

pathogens from the mixed oral microbiota. Thus, the 

results of this research support the ongoing research 

on predatory therapy for the development of an adjunct 

to standard periodontal therapy.

Minimally rough implant surfaces favor 
the repair in experimental defects of 
peri-implantitis 

Albouy JP, Abrahamsson I, Persson LG, Berglundh T. Implant sur-

face characteristics influence the outcome of treatment 

of peri-implantitis: an experimental study in dogs. J Clin 

Periodontol. 2011 Jan;38(1):58-64. Epub 2010 Nov 24. 

Implant surfaces favor the repair of peri-implant experi-

mental defects. In this article, the third of a series of this 

research group, it was investigated the characteristics of 

different oral implant surfaces and their effects on surgi-

cal treatment of peri-implantitis without antibiotics. In an 

in vivo study in dogs, four types of implants were used 

representing four different surface characteristics: type 

A = smooth (Biomet 3i), type B = TiOblast (Astra Tech 

AB), type C = SLA (Straumann AG), and type = D TiUnite 

(Nobel Biocare AB). Each one was placed on the left side 

of the mandible in six Labrador dogs. Three months af-

ter implant healing, experimental peri-implantitis was 

started by placing bands over a period of 12 weeks until 

40 to 50% of bone loss had occurred. Four weeks later, 

the surgical treatment included full thickness flaps, re-

moval of granulation tissue and mechanical cleaning of 

the surfaces of the implant using curettes and sterile 

saline solution in a gauze. No antibiotic regimen was in-

stituted. After 12 to 18 weeks of surgery, the dogs were 

sacrificed and tissue blocks collected. Radiographs from 
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the beginning, 12 weeks and 36 weeks (18 weeks after 

surgery) were analyzed; clinical measures were not in-

cluded. The results showed that the plate control exert-

ed during post-surgical treatment improved the clinical 

symptoms of inflammation in the implant types A, B and 

C, while in the type D, the swelling and redness in the 

peri-implant mucosa persisted. In addition, three D-type 

implants were lost during follow-up. Radiographic bone 

gain was observed between weeks 12 and 36 of implant 

type A (2.22 ± 1.49 mm), Type B (1.59 ± 1.51 mm) and 

type C (0.89 ± 1.50 mm). In type D, however, additional 

bone loss 1.83 ± 2.37 mm did not occur. The difference 

between implant types A and D were statistically signifi-

cant. The findings of this research were: 1) the resolution 

of peri-implantitis without systemic or local antimicrobial 

therapy is possible, and 2) the outcome of the therapy is 

influenced by characteristics of the implant surface in fa-

vor of minimally rough surfaces. Although bone mass gain 

observed following surgery for treatment of peri-implanti-

tis with implant types A, B and C appear promising, the re-

sults should be interpreted cautiously because the process 

of healing in dogs can be different from humans beings.
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