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Since centuries, clinicians are making constant efforts to replace completely and 
partially edentulous dental arches with dental implants. Implantology has become 
the mainstream practice and is clinically accepted as the desirable treatment 
modality for the patients. Thus, it is very much essential to analyze the various 
parameters for their long‑term success in the oral cavity. This literature review 
summarizes the evolution of biomaterials, its characteristics, effects on tissues and 
its  impact on the treatment outcome. It also compares the conventional titanium 
with the recently popular zirconium implants. Thereby, helping the clinician to 
choose the ideal implant biomaterial in clinical practice.
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iii. Bioresorbable: These materials on placement begin to 
resorb which get slowly replaced with bone. Examples 
are tricalcium phosphate, polylactic–polyglycolic 
acid copolymers, calcium oxide, calcium carbonate, 
and gypsum.

Thus, bioinert and bioactive materials are called as 
“osteoconductive” materials as they have the ability to 
act as “scaffolds” for bone deposition on its surfaces.[7]

Based on chemical composition
Biomaterials can also be classified into metals, ceramics, 
and polymers.
i. Metals: titanium, titanium alloys, stainless steel, 

cobalt chromium alloys, gold alloys, and tantalum
ii. Ceramics: alumina, hydroxyapatite, beta‑tricalcium 

phosphate, carbon, carbon/silicon, bioglass, zirconia, 
and zirconia‑toughened alumina

iii. Polymers: polymethyl methacrylate, 
polytetrafluoroethylene, polyethylene, polysulfone, 
polyurethane, and polyether ether ketone.[8]

Properties of implant biomaterials
Mechanical properties
i. Modulus of elasticity: Should be equivalent to 

bone (18 GPa). It is selected for equal stress 
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Introduction

B iomaterial is defined as “A nondrug substance 
suitable for inclusion in systems which augment 

or replace the function of bodily tissues or organs.”[1] A 
universal criterion for a dental implant biomaterial is to 
achieve osseointegration with the bone. It was discovered 
in the year 1952 by Dr. Per Ingvar Branemark. He 
introduced threaded implant design constituting of pure 
titanium which achieved osseointegration.

In this current literature review, we have dealt with the 
evolution of implant biomaterials from 1955 till date 
[Table 1]. As a wide array of implant biomaterials has 
been in use with different properties, it is the clinician 
who chooses the best which essentially influences the 
longevity of the implant.

Classification of Biomaterials
Based on biocompatibility
Biomaterials are broadly classified into three major 
categories: bioinert, bioactive, and bioresorbable.
i. Bioinert: These are the materials which when placed 

has minimal interaction with the tissue surrounding it, 
thus leading to osteogenesis. Some of the examples 
are stainless steel, titanium, zirconium, alumina, and 
ultra‑high‑molecular‑weight polyethylene

ii. Bioactive: These are the materials once placed 
inside the oral cavity react with the hard tissues 
as well as the soft tissues. Examples are synthetic 
hydroxyapatite, glass ceramic, and bioglass
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distribution at implant and to reduce the mobility of 
the implant

ii. Tensile, shear, and compressive strength: Should 
essentially be high to prevent implant failure

iii. Yield and fatigue strength: Should be high to prevent 
brittleness of the material

iv. Ductility: Minimum of 8% is required as per 
American Dental Association (ADA) for coining of 
the implant.

Chemical properties
Corrosion is defined as loss of metallic ions from the 
surface of a metal to the surrounding environment.[ 9] 

There are four types, namely, pitting corrosion, crevice 
corrosion, galvanic corrosion, and electrochemical 
corrosion.[10‑12]

i. Pitting corrosion: It is a rapid process which occurs 
in an implant with small surface pit which when 
placed in a solution, the metal ions which are present 
near to the pit dissolve, thereby losing its positive 
ions and combines with chlorine ions leading to 
pitting corrosion

ii. Crevice corrosion: It occurs at the bone–implant 
interface. When metallic ions dissolve, they create 
positively charged environment, thus resulting in 
crevice corrosion

iii. Galvanic corrosion: The difference in electrical 
gradients results in galvanic corrosion. The ions 
which get leaked into saliva at the implant interface 
later pass on to peri‑implant tissues, thus leading to 
implant failure as a result

iv. Electrochemical corrosion: With the presence of 
passive oxide layer at the implant metal surface, 
anodic oxidation and cathodic reduction can be 
prevented to a greater extent.[7,13]

Comparative evaluation between conventional 
titanium and zirconium
Titanium
Titanium was first introduced by Wilhelm Gregor in 
1789. It has been credited as a successful implant 
material in the recent years due to its excellent property 
of biocompatibility and its ability to form stable oxide 
layer. It is also widely recommended as a material of 
choice for intraosseous implants.

However, its major drawback is its dark gray color which 
shines through the peri‑implant mucosa which proves to 
be an esthetic concern for the patients.

Extensive research to solve the problems related to 
esthetics leads to the discovery of tooth‑colored implants, 
and thus, zirconia came into existence.[8]

Zirconia
The first extensive research work on zirconia was done 
by Cranin et al. in the year 1975. The first implant system 
to be developed is the SIGMA implant in 1987. Zirconia 
proved to be a superior material of choice as it was inert 
along with minimum ion release had higher fracture 
resilience and higher flexural strength. It achieved 
osseointegration with minimal plaque accumulation, thus, 
a better maintenance of soft tissues was achieved, and it 
also proved to be esthetically pleasing.[14]

Titanium–zirconium alloy (Straumann Roxolid)
Roxolid developed by Straumann consisted of superior 
mechanical properties such as increased fatigue strength 
and elongation than the pure titanium, thereby satisfying 

Table 1: Evolution of implant biomaterials
Year Invention
16th and 
17th century[2,3]

Discovered by ancient Egyptians and South 
Americans, usage of stone and ivory implants 
was reported
Albucasis de condue wrote a paper on 
“transplants” in edentulous areas

20th century[2,3]

1809 Maggio introduced implant made of gold
1887 Harris introduced porcelain teeth with 

lead‑coated platinum posts
1890 Zamenski used in porcelain, gutta, and rubber 

implants
1898 RE Payne placed silver capsules in socket
1900 Lambotte used implants made of alum, silver, 

brass, red copper, gold, magnesium, and soft 
steel plated with gold and nickel

1901 RE Payne invented the technique of capsule 
implantation

1903 Sholl introduced porcelain corrugated root 
implants

1913 Dr.Edward. J. Greenfield discovered 
“ Submerged implant”, “Healing tissue”, and 
“Dental implant immobility” concept came 
into existence
Combination of iridium and 24‑carat gold 
implant was placed

1935‑1978 Introduction of synthetic polymers, ceramics, 
and metal alloys
Strock made a vitallium screw dental implant 
and mounted with porcelain crown. This was 
the first implant to have the success period of 
15 years

1969[4‑6] Milton Hodosh invented polymer implants
Usage of metal and metal 
alloys, cobalt–chromium alloys, iron–
chromium–nickel‑based alloys

1975 Cranin et al. conducted first research work on 
zirconia

21st century Widely popular titanium implants, ceramics, 
aluminum, and zirconium oxide implants 
came into existence

At present Zirconia and titanium–zirconium 
alloy (Straumann Roxolid) is widely used
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all the criteria of dental implantologists and accounting 
for being 50% much stronger than the titanium.[9,15]

Conclusion
Nowadays, although dental implants tend to be more 
expensive than the conventional dentures, due to their 
property to replace the roots of the natural teeth and 
also procuring excellent esthetics, they provide better 
improvement in quality of life related to oral health 
compared to the other treatment options. Even among 
patients, preference for the traditional removable and 
fixed denture prosthesis has markedly declined compared 
to implants, thereby proving to be a benchmark in the 
field of dentistry.

Thus by evaluating the past and the present of 
biomaterials, one can foresee the future. Clinical 
success is mainly decided upon the apt implant 
biomaterials that the clinician selects for the treatment. 
Thereby, a thorough knowledge is required to 
eliminate the other materials and choose the finest. 
Thus, zirconia stands as a “gold standard” for implant 
fabrication and is known to have a promising future in 
years to come.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1. Heness GL, Ben‑Nissan B. Innovative bioceramics. In Materials 

forum 2004. Institute of Materials Engineering Australasia Ltd.
2. Kent JN, Block MS, Misiek DJ, Finger IM, Guerra L, 

Larsen H. Biointegrated hydroxylapatite‑coated dental implants: 
5‑year clinical observations. J Am Dent Assoc. 1990;121:138‑44.

3. Huebsch N, Mooney DJ. Inspiration and application in the 
evolution of biomaterials. Nature 2009;462:426‑32.

4. Ashman A. Acrylic resin tooth impant: A progress report. 
J Prosthet Dent 1971;25:342‑7.

5. Hodosh M, Povar M, Shklar G. The dental polymer implant 
concept. J Prosthet Dent 1969;22:371‑80.

6. Shklar G, Hodosh M, Povar M. Tissue reactions to polymer‑
coated Vitallium pin implants. J Prosthet Dent 1970;24:636‑45.

7. Muddugangadhar BC, Amarnath GS, Tripathi S, Dikshit S, 
Divya MS. Biomaterials for dental implants: An overview. Int J 
Oral Implantol Clin Res 2011;2:13‑24.

8. Osman RB, Swain MV. A critical review of dental implant 
materials with an emphasis on titanium versus zirconia. Materials 
(Basel) 2015;8:932‑58.

9. Saini M, Singh Y, Arora P, Arora V, Jain K. Implant biomaterials: 
A comprehensive review. World J Clin Cases 2015;3:52‑7.

10. Chaturvedi TP. An overview of the corrosion aspect of dental 
implants (titanium and its alloys). Indian J Dent Res 2009;20:91‑8.

11. Manivasagam G, Dhinasekaran D, Rajamanickam A. Biomedical 
implants: Corrosion and its prevention ‑ A review. Recent Pat 
Corrosion Sci 2010;2:40‑54.

12. Adya N, Alam M, Ravindranath T, Mubeen A, Saluja B. 
Corrosion in titanium dental implants: Literature review. J Indian 
Prosthodont Soc 2005;5:126‑31.

13. Misch CE. Contemporary implant dentistry. Implant Dent 1999;8:90.
14. Özkurt Z, Kazazoğlu E. Zirconia dental implants: A literature 

review. J Oral Implantol 2011;37:367‑76.
15. Meffert RM, Langer B, Fritz ME. Dental implants: A review. J 

Periodontol 1992;63:859‑70.


