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Abstract

Osseointegration is probably the most studied and most
investigated area in implantology. A thorough and complete
understanding of what happens at the bone-implant interface is
important for the implantologist and the manufacturer, thereby enabling
the implant manufacturer a product which conforms to the standards and
giving better clinical predictability to the clinician. This article serves to
be a comprehensive review of literature on the various aspects of
Osseointegration today, considering the scope and the depth at which
investigators are involved in research on the subject.
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Introduction :

Collins in 1954 and Southam & Selwyn in 1970, disagreed
and disapproved with the idea of bone to implant contact without
formation of a fibrous layer, since decades there had been a thought of
development of fibrous layer around implant, diminishing its integrity
with bone". Prof. Per-Ingvar Branemark and his colleagues in 1950s and
1960s, while examining microcirculation of bone and wound healing
through means of vital rnicroscopy1 accidentally discovered the process of
Osseointegration, and a new dimension in the field of implantology had
been reached which gave better treatment options to patients improving
function and overall health. What became significant with that innocuous
sagacity was the adherence of bone with titanium metal, without the
formation of fibrous layer, which could not be removed without fracture”.

The term Osseointegration was first used by Prof I-P
Branemark’, since then it has been used to describe the procedure of bone
attachment with titanium. Though lately, the Glossary of Prosthetic Terms



(Sixth Edition) lists the terms Osseointegration and osteointegration but
recommends the use of the term osseous integration4. However, in this
article term Osseointegration will be used.

Osseointegration was originally defined as, a direct
structural and functional connection between ordered living bone and the
surface of a load-carrying implant by Branemark in 1985°. Albrektsson’ in
1981 defined it as, a direct on light microscopical level, contact between
living bone and implant. Steinemann® in 1986 defined it as, A bony
attachment with resistance to shear and tensile forces. Branemark” in
1990, then gave a modified definition of his own — “A continuing
structural and functional coexistence, possibly in a symbolic manner,
between differentiated, adequately remodeling, biologic tissues and
strictly defined and controlled synthetic components providing lasting
specific clinical functions without initiating rejection mechanism.”

Bone

Osseointegration is an ongoing procedure representing process
of formation and adaptation to function and repair, which takes place due
to Osteoblastic and Osteoclastic activity of bone, also known as
couplingm'13 :

Osteoblasts are of mesenchymal origin and differentiate under
the influence of local growth factors such as fibroblastic growth factor
(FGFs), bone morphogentic proteins (BMPs), and Wnt proteins, and also
require transcription of Runx2 and Osterix transcription factors'”.
Osteoblasts also govern the activity of osteoclasts by secreting
Osteoprotegrin (OPG), which is a decoy RANK, which inhibits
osteoclastic bone resorptionlS.

Osteoclasts are bone resorbing cells and function in conjuction
with Osteoblasts.

Osteocytes are the new cells which get trapped inside the new
bone matrix. They communicate with other bone cells through numerous
cellular membrane protrusions that lie in tunnels, known as Canaliculi.
The function of these networked cells is partly unknown, nevertheless
they are thought to participate in bone 1resorption16 and sense mechanical
load on bone'”.



Bone lining cells cover majority of quiescent boney surfaces,
however their function 1s still partially unknown and their origin is under
debate'”.

Events at Bone-Implant Interface.

As soon as the implant is placed in the prepared site, within
nanoseconds there is formation of water molecule layer around it, which
is greatly influenced by implant surface'®. This layer facilitates protein
and other molecules to adsorb on the implant surface'”*. In the 2™ stage,
within 30 seconds to hours after implantation, the implant surface is
covered by a layer of extracellular matrix proteins. Its conformation,
orientation and composition, depends upon the surface type. These
proteins first come from blood and tissue fluids at the wound site and later
from the cellular activity in the periprosthetic regionzl. In the 3" stage,
interaction of cells with implant surface via adsorbed protein layer takes
place, initiating cellular adhesion, migration and differentiation, which
occurs from few hours to several dayszz. This stage is enormously and
tightly regulated by ECM proteins, cell surface-bound and cytoskeletal
proteins, chemical characteristics, implant topographies and chemical ions
released by the surface™.

ECM contains information that is interpreted by cells via
adhesion structures and influences cell shape, cytoskeletal organization,
cell motility and polarity, gene expression, proliferation and survival. It
also contains type I collagen, proteoglycans and noncollagenous
protein524'26.

In actual terms ECM is the mode through which transfer of
information takes place via a no of proteins, to name some like, collagen
I, fibronectin, thrombospondin, osteonectin, osteopontin, osteoadherin,
bone sialopeoteion (BSP), most of them function as cell attachment
mediators, some signaling and cell-cell and cell-protein interactions”’.
Certain Plasma proteins like a,HS- glycoproteinzl. Also, there 1s absence
of serum proteins like albumin, indicating selective
accumulation/deposition of molecules at the interface®. Molecules
containing Arg-Gly-Asp or RGD sequence are believed to play role in cell
adhesion and binding of minerals>'. This RGD sequence is present in a



number of ECM proteins like fibrin, collagen, fibronectin, vitronectin,
osteopontin and bone sailoproteinzg.

Cell attachment is a complex procedure and takes place with the
help of Integrins, Focal Adhesion and Filopodia. Integrins are
transmembrane cell surface receptors which mediate physical contact of
cell to the outside matrix for propagation of signaling from outside-to-
inside and vice versa™". They contain a- and - subunits, with each cell
expressing different mixture of Integrins31. Focal adhesion are integrin
based molecular compositions of cells participating in adhesion dependent
signaling32’3 3 and link ECM to the actomyosin sytoskeleton of a cell™.
These structures are motile, can assemble/disassemble, disperse and
recycle according to the cell’s need” ™. Filopodia are Actin rich cell
extensions through which cell adherence takes place on rough surface®.
Filopodia scan substrate’s surface structures and stabilize the cell
according to signals received from micro or submicrometre-structured
pores which act as a favorable environment during the path-finding
phase36. Optimum anchorage takes place by specific points along the
Filopodia as well as their tips. The tips broaden and branch out to become
localized adhesive structures, known as footpads3 7. Cell spreading is
mediated by cell membrane extensions at footpads, or by protrusion of a
cytoplasmic sheet, i.e. a lamella or a Lamellipodium between adherent
Filopodia37’3 %% _On the other hand cells adhere with smooth surface
through focal adhesion. Filopodia while scanning the smooth surface get
negative signals and retract back to the cell body, resulting in well-
developed stress fibers which exert tension across the cell body making
more flattened cells with reduced cellular attachment to their surrounding
substrate'®°,

At day 1, on the day of implant placement, there is adsorption
of water molecules and platelet which secrete growth factors, signaling
and enabling Osteoblasts to adhere at the implant surface via fibronectin
mediated focal adhesion®'. The first cells to migrate at the implant surface
are multipotent mesenchymal cells and not committed Osteoblasts*, and
the ability of these cells to differentiate into functional Osteoblasts
depends upon local oxygen tension™, availability of nutrients and local
regulatory growth factors, which in turn depends upon vascularity of
implant site and host physiology27. Migration of these cells also depends
upon diminishing oxygen concentration gradient towards the center of the



wound, which happens due to local ischemia and necrosis because of
cessation of circulation and lack of oxygen supply for the osteocytes due
to broken cappilaries40. Neutrophils are the most numerous cells peaking
at 24-48 h, but later macrophages rapidly become predominant. Both
these cells are involved in clot and necrotic tissue formation.

On day 3, cells around implant activate osteoblast related
transcription factors Runx2 and Op44. By day 4, Necrotic bone created
during surgery gets resorbed, and a well defined interface zone is
formed®. By day 5, there is evidence of new bone formation and presence
of Alkaline Phosphatase activity is seen, indicating onset of
mineralization and evidence of matrix remodeling44. At the end of 1 week,
Osseous matrix adherence on implant surface can be easily distinguished,
ECM gets anchored in the cavities on the surface™ and Bone to implant
contact ratio becomes 35.8 + 7.2%"*. By day 16, implant surface is well
covered and extensively integrated in a mixture of mineralized tissue,
osteoid and dense matrix*.

By day 28, at the end of 4 weeks, there is Intimate bone contact
over the whole length of the implant surface and also at the neck,
Collagen fibers and Osteoblasts make bulk of tissue layer adjacent to
implant, Collagen fibers orient themselves parallel to the implant surface,
cells, ECM proteins and mineralized bone tissue appear in direct contact
with implant and bone to implant contact ratio becomes 46.3 + 17.7%".
According to Davies (2003)40 and Puleo-Nanci (1999)21, bone formation
occurring in 2 directions, from implant surface towards bone and from
bone towards implant surface also known as contact osteogenesis and
distance osteogenesis (fig 1&2). In contact osteogenesis bone forms at a
30% faster rate”'. In this, the implant surface has to be colonized with
bone cells before bone matrix formation can begin, the same mechanism
that takes place during remodeling procedure, also known as de novo
bone formation®. In distance osteogenesis, new bone is not forming at the
implant surface, but implant gets surrounded by bone. This procedure is
expected to occur in cortical bone healing40.

Initially woven bone is formed, which has osteoids in its
matrix. At the end of 12 weeks, newly developed bone integrated at
implant surface with intimate contact of mature lamellar bone with

o 45
titanium surface .



Distance osteogenesis. contact osteogenesis.

CONCLUSION:

Osseointegration is a very complex procedure, there are still
many micro and macro molecular aspects of bone-implant interface that
need to be understood and elucidated. But with the experiments and
studies done by many authors so far, we can state that healing patterns in
cortical and trabecular bone are different. Cortical healing relies on
osteonal remodeling, while, trabecular healing on the phenomena of
osteoconduction and de novo bone formation™.

Bone formation at the bone injury site takes place due to
coupling mechanism, according to frost this mechanism of formation and
resorption must exist. Biomechanical environment at the fracture site
immensely influences the development of cartilage and bone.

When an implant placement site is prepared, a wound is created,
and healing at the bone-implant phase takes place in the same manner as it
does at the bone fracture site, thus they both begin with a breach in an
intact skeletal site, an immune response, neo-vascularization, and
recruitment of skeletal progenitor cells. However in a fracture, some
skeletal progenitor cells differentiate into chondrocytes, while others into
Osteoblasts, followed by endrochondral ossification. Where as, around an
implant all skeletal progenitor cells differentiate into Osteoblasts,
followed by intramembranous ossification. Another difference in implant



healing is that the process of Osseointegration is largely influenced by
implant surface, chemical composition and implant biomechanics™.

Thus, as soon as the implant is placed there is aggregation of
platelets40. These platelets secrete growth factors like Platelet Derived
Growth Factor (PDGF-BB), insulin-like growth factors (IGF-1, IGF-2),
fibroblastic growth factors (a-FGF, b-FGF), Transforming growth factor
beta (TGF f’s), bone morphogenic proteins (BMPs)*’ and vasoactive
factors serotonin and histamine™, (fig 3). These growth factors further
differentiate, proliferate and attach Osteoblasts with titanium surface (fig
4.) and form new bone matrix (fig 5). The transcription factor protein core
binding-facto-alpha (Cbfal) regulates this development”’.

There is enough evidence based literature demonstrating a
direct relation between Osseointegration and surface topography. It has
been proved that rough surface enhances the process of Osseointegration
with better attachment, resulting in Filopodia, also there is four-fold
increase in Cbfal on rough surface”’. It has also been postulated that an
increase in surface area is not a decisive factor for regulating cell growth
at bone-implant interface, but the implant’s surface topography plays a
vital role and changes cell structure accordingly, as on smooth surface
Osteoblasts are oriented in parallel manner, and on rough surface cells
have a stellate shape36. Thus new bone matrix at the bone-implant
interface is formed through osteoconduction, osteoinduction, osteogenesis
and 0steopr0motion27.

Osteoconduction means directing bone forming activity to a
particular site or surface, like, Hydroxyapatite coatings serve as scaffold
for cells to attach and grow27’40. Osteoinduction involves the recruitment
of mesenchymal stem cells to become osteoblasts. Implant surfaces are
not osteoinductive. Osteogenesis refers to the stimulation of committed
osteoprogenitor cell proliferation and encouragement of osteoblast
biosynthetic activity. The 4™ term osteopromotion is relatively new and
refers to bone formation at local osseous sites using membrane barrier
techniques and is in use for clinical promotion of cells only27.

Apart from the details provided in this article there are many
unanswered questions, however there is no other area of study in
implantology being investigated as thoroughly as osseointegration and
the results of ongoing and future research projects would provide an
even better understanding and a more clear picture at what happens at



the bone implant interface thereby providing implantologists adequate
information required to provide the patient best possible clinical care
after understanding patient’s bone physiology and bio-physical need.

Fig 3. Fig. 4.

Fig. 5.
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