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Abstract
The reconstruction of bone defects in the maxillofacial region represents a serious issue for dental surgeons, especially when

facing extensive bone loss as the result of trauma, inﬂammation, and surgical treatment of tumors. Different reconstruction modalities include bone graft transplants either autologous or heterologous, implants of different biomaterials, etc. but none of these ap-

proaches has proven to be fully satisfactory. The use of engineered bone tissue can provide numerous benefits for the patient. First
of all, it eliminates donor site morbidity encountered in the case of autogenous bone grafting techniques, and the absence of immune
rejection which can occur when using allografts. Bone tissue engineering implies the use of adequate, biodegradable scaffolds for cell

seeding, suitable cells with osteogenic potential and finally osteogenesis-inducing factors. A vast variety of biomaterials have been

used as matrix for bone tissue engineering applications, among others collagen, chitosan, polylactic and polyglycolic acid, fibrin,
hydroxiapatite etc. Porosity, topography, three-dimensional architecture, immunogenicity and mechanical parameters represent

scaffold properties with significant influence on bone formation. Most recently, various dental niches are emerging as interesting

sources of stem cells for potential application in bone defects reconstruction: dental pulp stem cells, stem cells from human exfoliated
deciduous teeth, stem cells from apical papilla, periodontal ligament stem cells and others. These cells are used along with bone mor-

phogenetic proteins (BMPs) which belong to the TGF-β family and represent potent osteoinductive factors. BMP-2, BMP-4 and BMP-7
are the most frequently applied in maxillofacial reconstruction. Finally, in order to achieve the optimal results in tissue engineering,

from simple static tissue cultures, tissue production has been moved to bioreactors, devices that try to respond to the challenges of

achieving adequate, three-dimensional proliferation of mesenchymal stem cells on biodegradable substrates followed by osteogenic
induction of these MSCs and matrix synthesis.
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Introduction
The reconstruction of maxillofacial defects represents a huge

clinical problem and challenge for dental surgeons, especially
when facing extensive bone loss due to pathological events such as

trauma, inﬂammation, and surgical treatment of tumors. In these
cases different approaches for reconstruction include bone graft
transplants either autologous, homologous or heterologous grafts,

implants of different biomaterials, etc. but none of these modalities
has proven to be fully satisfactory [1].

In principle, bone grafts should contain all the key elements

required for bone repair: (i) an osteoconductive scaffold, (ii) cells

with osteogenic potential, and (iii) growth factors for enhancing

osteoinduction and vascularization within the new bone/implant

[1]. Each kind of bone graft has its specific advantages as well as

some drawbacks. The clinical use of autologous bone graft is limited by a considerable donor site morbidity that increases with the

amount of harvested bone. The principal disadvantage of allografts
is their relatively poor capacity for osteoconduction and their lack
of osteoinductive properties compared with autologous bone [2].

The reconstructive procedure using microvascular free ﬂaps is

considered to be the gold standard as it provides, in most cases,
a functional reconstruction. However, even microvascular tech-

niques have some disadvantages: they are very demanding for the

patient (long intraoperative time and a double surgical ﬁeld), and

Citation: Jelena Milasin., et al. “Bone Tissue Engineering Application in the Maxillofacial Region”. Acta Scientific Dental Sciences 3.2 (2019): 99-104.

Bone Tissue Engineering Application in the Maxillofacial Region
100

the harvesting of tissue from a donor site produces comorbidity

cisely, in order to grow a bone an adequate starting number of cells

peutic modalities has become an imperative.

nally a satisfactory blood supply.

and results in a permanent deﬁcit when a muscle or a bone is included in the ﬂap [3]. For those reasons introducing novel thera-

Bone tissue engineering
Tissue engineering is a rapidly developing field, which combines the disciplines of materials science and biotechnology aiming

to develop tissue constructs that can be implanted into the human
body [Balasundaram., et al.]. It was defined two decades ago as “an

interdisciplinary field that applies the principles of engineering
and life sciences toward the development of biological substitutes
that restore, maintain, or improve tissue function” [4].

with osteogenic capacity is needed, as well as an appropriate scaffold to seed the cells onto, factors stimulating osteogenesis, and fiTissues scaffolds

Scaffolds are mechanical constructs that act as supports and

carriers for cells and growth factors [5]. The scaffolds should be

biodegradable, which implies that they should slowly disappear
during the process of tissue regeneration and should be replaced
with fully functional host tissue.

A vast variety of biomaterials have been used as matrix for bone

The use of engineered bone tissue can provide numerous ben-

tissue engineering applications, among others collagen and chi-

and the absence of immune rejection which can occur when using

have been used for cell immobilization in combination with other

efits for the patient. First of all, it eliminates donor site morbidity
encountered in the case of autogenous bone grafting techniques,
allografts [Balasundaram., et al.].

Three crucial components required for engineering a bone are:

(1) scaffolds, (2) cells and (3) cell signaling molecules. More preSynthetic Polymers
Polylactic acid (PLA)

Poly glycolic acid (PGA)

Poly (lactic-co-glicolic acid) (PLGA)

Poly ɛ-caprolactone (PCL)

Polyacrylic acid (PAA)

represent matrix properties which significantly influence bone formation within bioartificial bone substitutes.

Gelatin/chitooligosaccharide

[11]

Chitosan/collagen/beta-glycerophosphate (β-GP)

[10]

[14]

Poly aldehyde guluronate (PAG)

mensional architecture, immunogenicity and mechanic parameters

[8]

[9]

Polyvinyl alcohol (PVA)

Poly propylene fumarate (PPF)

scaffolds as well. Porosity, surface chemistry, topography, three-di-

Natural Polymers

[12]

Polyethylene terephthalate (PET)

have also been developed (Table 1). Gel-like matrices such as fibrin

Ref.

Polyethylene glycol (PEG)

Polybutylene terephthalate (PBT)

tosan. New polymers such as polylactic acid and polyglycolic acid

[13]
[13]

Collagen

Chitosan
Alginate
Chitin

Ref.
[18]

[19]

[20]

[21]

[22]

Ceramics
TiO2

HAp

β-TCP

Bioglass

Ref.
[24]

[25]

[25]

[26]

Metals
NiTi

Titanium alloy

Magnesium alloy
Porous tantalum

Ref.
[27]

[28]

[29]

[30]

[23]

[15]
[16]
[17]

Table 1: Types of materials used in scaffold construction.

One of the most widely used material for scaffold construction,

combined with various natural or synthetic polymers, is hydroxyapatite, chemically similar to the inorganic minerals of the bone.

composite scaffold construction with ceramic parts, mimics the

structural hierarchy of bone, while a thin polymer layer improves
mechanical properties and cell attachment and proliferation [5-7].

For instance, a very good example of innovative product is ALBO-

Osteogenic cells

ology suitable for cell adhesion and proliferation; namely, specific

the most suitable for engineering of bone tissue. Isolation and ex-

OS, a composite scaffold based on calcium hydroxyapatite and poly

lactic-co-glycolic acid. It shows a very high porosity and nanotop-

Today it is still unknown which type of osteogenic cells will be
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pansion efficiency, stability of osteoblastic phenotype, in vivo bone

scaffolds were shown to be effective in the reconstruction of bony

cessful clinical application.

distributed throughout, while the interface between native bone

formation capacity, and long-term safety are essential require-

ments that have to be met by any type of osteogenic cell for sucThe most obvious choice of osteogenic cells would be the dif-

ferentiated cell type appropriate to the tissues being replicated by

the construct. These autogenous primary cells can be harvested
by biopsy and expanded In vitro using standard cell culture tech-

niques [31] before being seeded onto the scaffold. Osteoblasts possess strong osteogenic potential, and can be used as seed cells for
bone regeneration [21]. As bone-forming cells, osteoblasts are able

to synthesize and secrete bone matrix, thereby promoting mineralization and bone formation. However, the main disadvantages

of osteoblasts application include less availability of donor tissue,
lower proliferative capacity in vitro.

Another potential cell source that has elicited great interest

are stem cells. Stem cells are deﬁned as clonogenic cells capable of
both self-renewal and multilineage differentiation. Stem cells are

classiﬁed as embryonic stem cells (ESCs), induced pluripotent stem

cells (iPSCs), and adult stem cells according to their source, which
also often correlates with their plasticity, i.e. their differentiation
potential.

Recently, considerable attempts have been made towards di-

recting ESC differentiation into osteogenic lineage and its use for
bone regeneration [32]. It has already been established that ESCs
can be differentiated into osteogenic cells and consequently used
as a potential cell source for bone tissue engineering [5]. However,

there are a lot of obstacles in their use in clinical practice, both ethical and legal, regarding their harvesting, expanding, and potential

defects in pig mandibles. Radiographic analyses showed that tis-

sue-engineered constructs were uniformly radiodense with bone
and constructs was indistinct [34]. Most importantly, optimal outcome has been achieved by using autologous BMSCs to repair hu-

man bone defects, in particular mandible defects [35]. Compared

with BMSCs, ASCs are easier to obtain, carry relatively low donor
site morbidity, and are available in large number [36]. The osteogenic capacity of ASCs has received considerable attention with
respect to bone regeneration. Various studies have reported that

successful repair of bone defects can be achieved by transplanting

autologous ASCs into the bone defect sites [37]. Most recently, vari-

ous dental niches are emerging as interesting sources of stem cells:
dental pulp stem cells (DPSCs), stem cells from human exfoliated

deciduous teeth (SHED), stem cells from apical papilla (SCAP) [38],
periodontal ligament stem cells (PDLSCs), etc [39]. DPSCs, a population of postnatal stem cells residing in the dental pulp are capable

of differentiation towards osteoblasts and formation of bone In vivo

[14]. As such, they represent an interesting cell source for bone regeneration in oral and maxillofacial region. Similarly, MSCs derived
from apical papilla are becoming an increasingly attractive stem

cell source because they belong to a developing, easily accessible
tissue, with cells possessing high-proliferation rate, plasticity and
differentiation capacity [38].
Osteoinductive factors

Bone morphogenetic proteins (BMPs) are among the most po-

tent osteoinductive factors. BMPs belong to the TGF-β family and
bind to extracellular matrix components such as heparan sulfate

and type IV collagen [40]. BMPs [mainly BMP-2 [Dunn., et al.], BMP-

4 [Stadlinger., et al.] and BMP-7 [Giannobile., et al.]] have been the

tumorigenicity [5].

more frequently applied in maxillofacial reconstruction. Major

gations in bone regeneration research and show great promise for

addition, growth factors such as fibroblast growth factor (FGF),

Adult stem cells represent one of the main objects of investi-

use in the oral and maxillofacial region [14]. The potential bonegenerating adult stem cells include bone marrow mesenchymal

stem cells (BMSCs), adipose derived stem cells (ASCs). BMSCs were

ﬁrstly isolated by Friedenstein., et al. in the 1960s and named at the
time bone marrow stromal cells. It was demonstrated that, when
transplanted, these cells had the ability to form bone, cartilage,

adipose cells, and ﬁbrous connective tissue [33]. BMSCs are the

most studied cells for the purpose of use in regeneration of orofacial bone defects. BMSCs seeded on poly-dL-lactic–coglycolic acid

bone defects have been engineered by a combination of BMSCs and

BMP-7 [35], or by exclusive reliance on the growth factor [35]. In

vascular endothelial growth factor (VEGF), and platelet derived
growth factor (PDGF) have also been used successfully in bone regeneration [41].
Bioreactors

Traditional efforts to grow bone In vitro relied mainly on cul-

turing cells on scaffolds, with the addition of osteogenic factors,
under static conditions, but these conditions would not allow the

growth of larger bone grafts for clinical application [42]. A consid-

Citation: Jelena Milasin., et al. “Bone Tissue Engineering Application in the Maxillofacial Region”. Acta Scientific Dental Sciences 3.2 (2019): 99-104.

Bone Tissue Engineering Application in the Maxillofacial Region
102

erable improvement in the field was achieved with the introduc-

pH, oxygen and carbon dioxide concentrations, speed of culture

of a bioreactor primarily depend on the type of tissue that is being

quick access to the cells/tissue if any technical problem occurs

tion of bioreactors, devices designed to attain optimal conditions
to grow cells In vitro to be utilized in tissue engineering. The design
constructed. Its function is to provide a suitable, reproducible and

easily controlled cell culture environment, in terms of temperature,

medium flow, etc. Bioreactors should also have a simple design in
order to reduce the risk of contamination and allow an easy and

during the culturing process (flow obstruction or culture medium
leakage, for instance) [42].

Figure 1: A-different sources of dental stem cells; B-main components used in tissue engineering; C-basic elements of
a bioreactor system.
In a typical “bone bioreactor” dynamic settings mimicking phys-

ever, translation to clinical use is much slower. Although cell based

remodelling and regeneration. The bioreactor tries to respond to

types and number of cells and osteogenesis-stimulating factors to

iological conditions are a requisite. It must be emphasized that

mechanical (biophysical) stimuli are crucial for successful bone

all the challenges: achieving adequate, uniform three-dimensional
proliferation of mesenchymal stem cells on a biodegradable sub-

therapies and tissue engineering are in the focus of research, there

is still a lot of debate related to the most suitable types of scaffolds,
be utilized in bone regeneration in general, and more specifically in
maxillofacial reconstructive therapy.

strate followed by the osteogenic commitment of these MSCs and
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