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Abstract: The present work is focused on presenting the challenges and the recent advances
in the field of Bone Tissue Engineering. It has to mention that worldwide, the need of bone
grafting materials is only exceeded by the need of blood. Some of the most relevant materials
used in bone grafting will be presented considering the compositional and morphological
similitude with the bone but also the specific needs associated with different pathologies.
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Introduction

Bone is a special composite tissue with several major functionalities:
mechanical support and protection, movement, mineral storage and
homeostasis of some specific ions (Ca*", PO4*, Na*, CI but also pH/H3O" at
the bone level) [1]. Unfortunately, it is highly exposed to specific diseases of
congenital or developed due to the daily activity. If the bone mass loss is
consistent, in this case bone grafting materials have to be used to assist the
healing. Statistically speaking, about 49% of the annual need of grating
materials is represented by the bone grafting materials followed by the grafting
materials for blood vessels - 11%; nerves — 10%, skin — 9%, etc. [2].

A wide range of materials are used in bone grafting (some representative
examples are presented in Table 1) but, considering the composite nature of the
bone, mainly composed by hydroxyapatite and collagen, there are many bone
grafting materials based on these components, alone or in association with
other components. Worth mentioning that according to the classification of the
materials used in bone grafting, the composite materials represent the 3%
generation of materials and by improving them, by loading them with cells or
cell derived agents (bone morphogenic proteins, growth factors, etc.) the
overall performances of the composite materials can be further improved and
these tissue engineered composite represents the fourth generation of materials
[3]. Nowadays, considering the advance of the additive manufacturing, the
more control in developing the materials, it i1s obvious that the properties of the
grafts are better and this is why there is a new trend to consider the materials
obtained by additive manufacturing to be the materials of the fifth generation
and, also in this case, a major focus is on the nanocomposites.

Table 1. Most representative materials used in bone grafting materials

Inorganic materials Organic materials, mainly

CaPs (especially HA, TCP); polymers

CaS0s4, CaCOs, bioglasses; collagen, gelatin, fibrin, silk fibroin,
(mesoporous) silica; ZrO,, Al>Os, chitosan, alginate, cellulose,

MOFs; zeolites; etc. agarose, hyaluronic acid, PEO,

PVA, PLA, PLGA, PCL, PHB, etc.

calcium phosphates: CaPs; hydroxyapatite: HA, tricalcium phosphate: TCP;

metal-organic frameworks: MOFS, polyethylene oxide: PEQO; polyvinyl
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alcohol: PVA; poly-L-lactic acid: PLA; poly(lactic-co-glycolide): PLGA;
poly(e-caprolactone): PCL,; poly(3-hydroxybutyrate): PHB.

The aim of this paper is to review some of the most important challenges
associated with the composite materials based on collagen and hydroxyapatite
from the point of view of regenerative but also curative point of view, when
loaded with specific biological active agents.

Collagen/Hydroxyapatite composite materials for bone tissue
regeneration

Collagen/Hydroxyapatite composite materials are usually obtained by
mineralization of the collagen structures (gel, matrices, fibers) using adequate
precursors, soluble or partially soluble calcium salts and soluble phosphates. It
is worth to mention that the final properties of the composite materials are
strongly related to the mineralization conditions but also a key role is played
by the collagen precursor. Considering the high impact of the porosity on the
performances of the grafting materials: osteointegration, bioactivity; release,
mechanical properties, etc., many researchers, depending on the final
application, are focusing on developing materials with controllable porosity. In
general, collagen gel is the most versatile form, starting with it, porous or dense
mineralized structures can be easily obtained while, starting from the collagen
matrix, the porosity will be slightly decrease but usually more porous

mineralized structures are obtained (Figure 1).
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Figure 1. Collagen precursor — porosity correspondence
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Considering the various diseases associated with the bone tissue, such as
infections or osteoporosis, and the derived increased fracture risks, different
materials were developed having antimicrobial or antiosteoporotic properties.
Such materials can be obtained by using materials with intrinsic activity, such
as for instance chitosan, or doped hydroxyapatite (with Ag" or Zn**) [4] or even
with the addition of Ag, ZnONPs — for inducing antimicrobial activity or Zn,
Sr - doped HA for enhancing the cellular activity of the osteoblast and thus to
improve the osteo-formation / osteo-resorption ratio.

COLL/HA composite drug delivery systems

The properties of the COLL/HA composite materials can be tuned very well
by loading them with adequate biological active agents. It is worth to mention
that there are a lot of natural and synthetic agents which are currently used to
enhance or even to induce the desired activity, including the fast healing or the
treatment of different diseased associated with bone, as presented in Figure 2.
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Figure 2. Common applications of COLL/HA composites

A special concern in this case is related to the delivery profile because the
release of the active agent has to be in the therapeutical level, for a specific
period of time. A major challenge in developing these drug delivery systems is
related to the control of the delivery of the active agents to assure a personalized
approach, and thus to assure the optimal amount of the active agent, over the
exact period of time needed. This control can be thus obtained considering
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internal but also external triggering factors, pH, light, magnetic field,
temperature being some of the most used triggering factors used in such
applications [5].

Fast healing can be also achieved starting from COLL/HA composite materials
by loading with cells, growth factors, bone morphogenic proteins, vitamins,
etc. [6-9].

The treatment of the primary bone cancer involves chemotherapy, surgery and
radiotherapy. Depending on the medical recommendation, the order of the
chemotherapy and surgery can vary but, during the surgery step, instead of the
resected tumoral tissue, multifunctional grafts can be implanted, these grafts
being able to assure antitumoral activity (at short-term) and also to assist the
healing (at long-term). The antitumoral activity can be assured by multiple
mechanisms, by hyperthermia (generated by the presence of magnetite when
exposed to proper pulsatory fields), by chemotherapy — cytostatics release or
by phototherapy. Moreover, these mechanisms can be synergically applied and
in this case, an externally controlled antitumoral activity can be achieved [10].
Antimicrobial bone grafts are developed to be used in already existent infected
defects but, they can be also developed to prevent infections as a consequence
of the surgical intervention. Depending on the need, antibiotics can be loaded
to treat infections associated with the bone tissue while for preventive purpose,
especially nanoparticles (such as AgNPs or ZnO NPs) or natural compounds
(such as volatile oils, polyphenols, etc.) can be used [11-15].

Table 2. Drug delivery systems used in bone tissue engineering
COLL/HA/b-FGF [6]

COLL/HA/BMP-2 [7]
HA-Curcumin [19]
COLL/HA/cytostatics [10, 20, 21]

Fast healing

Antitumoral systems

COLL/HA/antibiotics [11-13]
Antimicrobial systems COLL/HA/AgNPs [14]
COLL/HA/essential oils [15]
PLGA/HA/vitamin D3 [16]
PCL/PEG/HA/bisphosphonates [17]

Anti-osteoporotic systems
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In osteoporosis, there are two mechanisms of action of the drugs, some are
reducing the resorption rate while others are enhancing bone formation. The
healing of the osteoporotic bones is challenging because the bone formation is
inferior as the resorption and even during the healing of fractures, the organism
can just marginally improve the formation rate. In such situations, the use of
specific DDS is needed and specific drugs are loaded, including vitamins,
bisphosphonates, strontium ranelate, etc. [16-18].

Conclusions

Bone tissue engineering is a complex field of research which involve pure
regeneration, diagnosis and treatment of specific bone related diseases such as
osteoporosis, osteomyelitis, osteosarcoma, etc. Considering the composite
nature of the bone tissue, the morphology-induces properties of the bone tissue,
the most biomimetic solution is based on COLL/HA composite materials and
their properties can be further enhanced by loading with different biological
active agents — from ions, to ternary oxides, polymers, nanostructures or drugs.
Based on the literature screening, many drug delivery systems were presented,
some of them being able to assure smart drug delivery in a triggered way, the
triggering factor being internal but also of external nature (proper
electromagnetic fields generating hyperthermia, or light — generating
photothermia, etc.).
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