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Technological innovation and the development of new products is what currently boost the
competitiveness between enterprises and moves the economy. The technical-scientific advances in
Dentistry grow each day and there are great investments by research centers and universities in new
materials, especially in dental implantology. The objective was to evaluate the patents deposited and
granted in implantology at the National Institute of Industrial Property (INPI) in Brazil. This is a
prospective study with searches performed during March 2020 on patents in dental implantology
deposited and granted in the INPIl. The research was carried out in titles and abstracts of reports on
patent applications from the first deposit through to the most current using the search terms "dental
implants" and "implantology". The information was extracted from documents and organized into tables
and graphs. From 1988, the date of the first deposit, through to 2019 there were 139 patent application
deposits. Among the deposited patents, 54% (75) were classified as utility model patents and 25% (35)
as invention patents, the others 21% (29) have been in analysis. Brazil holds 80.6% (112) of deposits,
and the others are from countries in Latin America, North America, Europe and Africa, and virtually all
patents are of type A, which refers to products of human needs. Most deposits of patents for use in
implantology in the INPI relate to implant and prosthetic component accessories, indicating greater
investment by industry in Brazil in this sector. However, in 30 years there were only 134 deposited
patents, suggesting that the importation of products in the area is still great, which consequently makes
the products of this area more expensive. Thus, investments in patents play an important role in
technological and economic development of a country.
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INTRODUCTION

Technological innovation and the development of new between enterprises and moves the economy (Dalmarco
products is what currently boostthe competitiveness et al., 2011). The technical-scientific advances in dentistry
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grows each day and there are great investments by
research centers and universities in new materials,
especially in dental implantology, which depends on the
evolution of materials/instruments/processes to be an
increasingly safer and accessible option as an alternative
to removable prosthetics (Lotif et al., 2018).

The prognosis and long-term safety of prostheses in
implants are already well documented in both laboratory
and clinical-epidemiological studies. Like any area,
materials and instruments may be subject to failures,
making the search for safer materials and innovative
methods one of the main interests of industries and
scientific studies in Implantology, not only in relation to
implants, prostheses and biomaterials, but also
aseptic/antiseptic substances used to disrupt bacterial
biofilm, improving long-term performance (Sandhu et al.,
2017); thus, the scarcity and search to improve products
increases industrial investment in production and
development (John and Prates, 2015). The global
biomaterials market in general is currently expanding,
especially in the United States and Europe, being very
expressive and profitable. It has two types of modalities:
The first relates to compounds that constitute
biomaterials such as metals, ceramics, and natural
products, etc.; the second relates to the application form,
which includes biomaterials used in dentistry (Pires et al.,
2015).

Investing in technological innovation, especially in
industries, is essential to keep up with the market.
Patents are intellectual property that guarantees the
inventor(s) the right over an invention or a utility model,
also ensuring safety in profits in possible negotiations
(Amadei and Torkomian, 2009). Therefore, the
inventor(s) will have the exclusive right to commercialize
the product for a certain time, varying according to the
patent type and laws of the country, or even transfer
rights to companies, which is very common practice when
the inventor is not able to invest in the production of
his/her invention (Furtado Janior et al., 2018; Haase et
al., 2005). In Brazil, for example, there is only one
company among the largest depositors, as the others are
individuals and universities (Pieroni et al., 2010).

The investments and the search for patent protection
are increasingly disseminated in capitalism, where the
whole system operation relates to scientific and
technological advancement. Although patent law is
known worldwide, most people, even researchers, do not
partially or totally understand the process of preparation
and deposit of patents (Tejedor and Romero, 2014).

After the deposit, intellectual property banks are
responsible for analyzing documents and providing
patents. Some of the major banks in the world are the

National Institute of Industrial Property (INPI-Brazil), the
Canadian Intellectual Property Office (CIPO-Canada), the
German Patent and Trade Mark Office (DPMA-Germany),
the Japanese Patent Office (JPO-Japan), the Intellectual
Property Office (IPO-United Kingdom), the United States
Patent and Trademark Office (USPTO-United States) and
the World Intellectual Property Organization (WIPO-
Europe) (Valadas et al., 2017). Therefore, the objective of
this study was to evaluate deposited and granted patents
regarding dental implantology at the National Institute of
Industrial Property (INPI) in Brazil in order to assess the
main materials and industrial production in implantology.

MATERIALS AND METHODS

This is a prospective study of exploratory analysis performed in
March 2020, in which searches were conducted for Implantology
patents deposited and granted in the National Institute of
Intellectual Property (INPI), which is the bank responsible for
intellectual property in Brazil.

For this, searches on the INPI bank, were performed in titles and
abstracts of reports on patent applications related to dental
Implantology, from the first deposit through to the most current.
First, a search with the term "dental implants" was performed, which
returned 44 patent deposits. Next, a search with the term
"implantology"”, which returned 100 deposits. After reading the
reports and deleting duplicate documents or those unrelated to
implantology, 139 reports on patents were selected and have been
read and analyzed. The information extracted from the reports, as
year of the deposit, type of patent and products were organized in
tables and figures in GraphPad Prism 6.

RESULTS AND DISCUSSION

From 1988, the date of the first deposit, through to 2019
there were 139 patent application deposits. Among the
deposited patents 54% (75) were classified as utility
model patents and 25% (35) as invention patents, the
others 21% (29) have been in analysis.

Figure 1 shows the distribution of the reports at INPI
along the years. There were no reports of deposits
recorded between 1988 and 1996. Although the amount
is modest, the number of deposits increased in 2007 and
2008.

Figure 2 shows the countries of the depositors. Brazil
holds 80.6% (112) of deposits, and the other 19.4% are
countries in Latin America, North America, Europe and
Africa. After Brazil, the United States has the most
deposited patents in the most recent years.

In Figure 3, when analyzing the applications for patents
of companies/individuals in Brazil regarding the
distribution of Brazilian regions, the Southeast region
holds 74 deposits, which represents more than half of the
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Figure 1. Amount of patents per year with the term "Implantology" and "Dental Implants" at INPI, Brazil, 2019.
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Figure 2. Depositors of patents by country with the term "Implantology” and "Dental

Implants” at INPI, Brazil, 2019.

patent applications (68.5%), followed by the South
region, with 26.8% (33) deposits. The North region has
no record of deposits.

Table 1 shows the amount of products with application
in dental implantology. The largest number of deposits
relates to accessories of implants (28.78%); the lowest
amount of deposits was related to accessories/
instruments for grafts (7.91%).

In order to standardize the deposits, every patent is
classified in accordance with the IPC - International
Patent Classification, which is the international

classification system created in 1971, distributing patents
by codes. The products are divided into technological
areas of types A through H, and each type has its
divisions and subdivisions (subclasses). Table 2 shows
that virtually all deposits are type A (94.24%), which
refers to products of human needs. Type C, related to
chemicals/metallurgy, had only 2.16%, and type G, which
refers to physical processes, had 3.6%. Types B, D, E, F
and H had no deposits because they do not apply to the
area.

Since the description of the osseointegration principle
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Figure 3. Distribution of patent deposits with the term "Implantology" and "Dental

Implants" by regions of Brazil, 2019.

Table 1. Amount of deposited patents by type of material at INPI, Brazil, 2019.

Description of the patent material

Quantity (%)

Antimicrobial accessories/materials
Accessories/instruments for grafts
Implants

Accessories for implants

Protheses (materials/components)
Systems/methods

Others (packaging, positioners, etc.)
Total

7 (5.04)
11 (7.91)
20 (14.39)
40 (28.78)
29 (20.86)
20(14.39)
12 (8.63)
139

by Branemark and colleagues more than 45 years ago, a
new era emerged in the research of materials for dental
Implantology. Currently, there are approximately 1,300
different implant systems, each one with its particularities
in relation to format, materials, surface treatment,
prosthetic components, etc. Although rehabilitation with
dental implants presents high rates of long-term success,
new technologies are developed in order to promote
long-term osseointegration in cases in which more
failures occur, such as low quantity and bone quality and
patients with comorbidities (Smeets et al., 2016).

In relation to scientific production in dental materials in
the world context, Brazil has great expressivity. Studies in
implantology in Brazil have been increasing, and dental
materials had the highest number of published articles up
until 2016 (13,708 articles). Nevertheless, the amount of
patents is modest, as the process for a product to be
patented is complex and the number of depositories is
not proportional to the number of scientific studies in the
area (Rosa et al., 2016).

Unlike developed countries, the government in Brazil is
the main responsible organ for funding Research and

Development (R&D), while the main source of investment
in other countries comes from private capital/sources
(Castro and Souza, 2012). However, in recent years, the
trend to develop more complex studies by large
companies and basic studies by universities has been
increasing due to the costs (Dalmarco et al., 2011). Thus,
the universities are responsible for most studies in Brazil,
especially public ones, but the amount of products being
patented by them is still small and a new phenomenon,
indicating that the participation of Brazilian universities is
modest, especially in the area of dental Implantology,
probably because the country has few graduate
programs in implantology (Valadas et al., 2017).
Regarding the Brazilian regions, the Southeast region
has the highest amount of patent deposits in universities,
especially being represented by the universities of S&o
Paulo, followed by the South region in second place and
the Northeast in third. These results result from a major
investment of funding agencies, in addition to
concentrating most studies in the country, which tends to
decrease because of guidelines created for the
decentralization of scientific and technological activity
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Table 2. Classification of deposited patents with the term "Implantology" and "Dental Implants" at INPI, in accordance with the International
Patents Classification - IPC.

Classification by section Subclass of patent Quantity (%)

A61C 107 (76.98)
AB1K 12 (8.63)
AB1L 5 (3.6)
Type A (human needs) A61B 4 (2.88)
AB1F 1(0.72)
A61N 1(0.72)
A41D 1(0.72)
CO01B 1(0.72)
Type C (chemistry/metallurgy) c23C 1(0.72)
C23F 1(0.72)
GO01B 1(0.72)
Type G (Physics) GO1L 2 (1.44)
GO03B 2 (1.44)

A41D, External clothing; protective costumes; accessories; A61C, dentistry; oral or dental hygiene; A61K, preparations for medical, dental and hygienic
purposes; A61L, methods or apparatus for sterilizing materials or objects in general; Disinfection, sterilization or deodorization of air; Chemical aspects
of bandages, dressings, absorbent pads or surgical articles; materials for bandages, dressings, absorbent pads or surgical articles; A61F, Filters
implanted in blood vessels; prostheses; devices that promote clearing or prevent collapse of tubular structures of the body, such as stents; orthopedic,
nursing or contraceptive devices; fomentation; treatment or protection of eyes or ears; bandages, dressings or absorbent pads; first-aid cases; A61N,
electrotherapy, magnetotherapy; radiation therapy; ultrasound therapy; A61B, diagnosis; surgery; identification; CO1B, non-metallic elements; their
compounds; C23C, coating of metallic materials; coating of materials with metallic materials; materials with surface treatment of metallic materials by
diffusion, by chemical conversion or replacement; coating by vacuum evaporation, sputtering, implantation of ions or chemical deposition in vapor
phase, in general; C23F, non-mechanical removal of metallic materials of surfaces; GO1B, measuring of lengths, thicknesses or other similar linear
dimensions; measurement of angles; measurement of areas; measuring surface irregularities, or outline; GO1L, measurement of force, tension, torque,
work, mechanical power, mechanical efficiency, or pressure of fluids; GO3B, instruments or provisions to take photographs or to project them or view
them; instruments or provisions that use similar techniques by means of waves different from optical waves; accessories for them.

(Oliveira and Velho, 2009). In the present study, only
3.73% (Pires et al., 2015) deposits were from public
(federal) universities in the Southeast region.

This trend in depositing the products generated by
searches will probably increase, because of Law 10,973
of 2 December 2004, which deals with measures to
encourage innovation and scientific and technological
research by the Federal Government, states and
municipalities and development agencies to increase
partnerships with companies and entities dedicated to
scientific and technological researches, requiring an
Information Technology Core (NIT) from each public
university to strengthen this partnership (Dagnino and
Silva, 2009; Mueller and Perucchi, 2014; Valadas et al.,
2017).

Patents may be invention (IP) or utility model (UM). In
the present study, 68.2% of deposits were UM and 31.8%
were [P, suggesting more Brazilian investment in
improving and adapting inventions than create original
products. The number of accessories of implants was
significantly higher than the number of implants patented
in Brazil; thus, the country’s industries are not investing in
invention or adaptation of new implants. The same
occurs regarding biomaterials, which have a significant
participation in the market both quantitatively and

qualitatively in generating profits; however, only two
patents (UM 7700936-3; IP 1106507-9) were recorded in
this area (Table 1) (Pires et al., 2015; Amadei and
Torkomian, 2009).

Regarding prostheses and their components, the
survey indicated that they had 29 (20.86%) of related
deposits, an expressive number. For the development of
new increasingly sophisticated prosthetic materials,
aesthetics are not the only goal. Behind it, the industry
uses engineering, physics and chemistry techniques,
making the work not only increasingly more aesthetic but
also functional and resistant, and this multiprofessional
interaction is essential for this improvement (Hattori et al.,
2011).

Studies indicate that the Brazilian dental industry used
to focus on the production of restorative materials;
however, the current trends are investments in
technology, because there is a concern to improve the
development of biomaterials (Rosa et al., 2016).

When observing the provision of deposits of patents
over the years at the INPI bank, the last decade (2000-
2010) had a lot more deposits than the current decade,
indicating that technological innovation in the industry of
dental implants and related materials decreased in the
current decade. In 2017, for example, had only one
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deposit record (BR 1020170069222) (Silva, 2017), but
possible deposits can still be processing. Reports
indicate that after the creation of the National Sanitary
Surveillance Agency (ANVISA) in 1999, there was a
greater demand of companies in providing products with
guaranteed quality and increasingly more safety, thus
influencing the development of new products in the last
decade (Pieroni et al., 2010). Another explanation is that
there were many mergers of companies in the health
area in Brazil between 2005 and 2006, when more than
250 business transactions with international companies
occurred (Burkhardt and Tardio, 2006).

Multinational companies commonly perform deposits in
countries other than of their origin in order to increase the
protection and disclosure of their products, which is
normally done through the Patent Cooperation Treaty
(PCT), known as the international patent. When
depositing the invention in this way, the product is
protected in all country members of the Treaty. Deposits
on intellectual protection of products for application in
dental Implantology are made by several countries,
especially the United States, which is the country with the
largest market movement of biomaterials (Pires et al.,
2015). Although the data are modest, the existence of
other countries as depositors indicates an interest in the
Brazilian market, whose growth in the area and prospect
of increased demand is attracting an increasing number
of deposits by international companies (Tejedor and
Romero, 2014).

There is a regional inequality of technical-scientific
production in Brazil, in which the state of S&o Paulo and
the Southeast region as a whole have a greater
participation and enormous importance in the system of
innovation in the country. Having the highest GDP (Gross
Domestic Product) in the country, a large part of the
universities, industries and scientific production are
decisive factors for this scenario. An indicator of this
scenario is deposits of patents, as in the present study, in
which the Southeast and South regions together have
almost 80% of the deposits (Albuquerque and Cassiolato,
2002).

The Northeast region has only four of the 112 Brazilian
patent applications, where the state of Ceara has half the
deposits, followed by Bahia and Pernambuco, with only
one deposit each. Although the production is virtually
non-existent, the development and protection of new
products in the dental implantology market in Ceara may
be considered an advance.

In Brazil, the industry of products for health services
has large participation, in which dentistry is the only area
that features a trade surplus and the second largest
market in the world, only behind the United States.
However, most of its products are low- and medium-
technology. Regarding innovative products, the use of
American products still prevails in Brazil. The current
context requires new challenges and major investments
in technology in this sector (Pieroni et al., 2010).

Conclusion

Records of patents are essential to evaluate the
technological level of a given area. Analyzing the patent
deposits for use in dental implantology at INPI provided a
panoramic view and showed that the majority relate to
accessories of implants and prosthetic components,
indicating greater investment by industries in Brazil in this
sector.

The number of patent applications in the years 2007
and 2008 increased, yet the number of deposits is small,
since only 139 patents were deposited in 30 years,
suggesting that the importation of products in the area is
still great, which consequently makes the products of the
area more expansive.
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