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Abstract:

Periodontitis is the disease causing the destruction of the soft and hard tissues surrounding the tooth. If left untreated, periodontal
destruction may progress and lead to mobility and ultimately loss of teeth. Replacement of the missing tooth with implant has gain
a popularity among the population. But for a successful implant, factor such as sufficient bone (height and width) is very crucial. If
a tooth was extracted, a certain period (3 months) of healing within the bone socket must be allowed prior placing an implant. With
the development of ligaplants, bone with large defects may be overcome by ligaplants. The cultured PDL cells that surrounded the
implants will act as supporting and anchorage in the place of normal PDL.
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INTRODUCTION
The periodontal ligament is the soft connective tissue
interposed between the roots of the tooth and the inner wall
of the alveolar sockets". Apart from its role in the tooth

anchoring, the periodontal ligament(PDL) provides
progenitor cells for alveolar bone formation and
remodeling!®*¥; and it plays the role of the periosteum in the

alveolar socket that faces the root of the tooth.

Periodontitis is characterized by the destruction of tissues,
such as alveolar bone, cementum and the periodontal
ligament which may be followed by tooth loss™. A possible
approach to the replacement of tooth loss 1is tissue
engineering of the PDL. As the PDL has been shown to
possess a capacity for spontaneous regeneration, during
which the biomechanical tissue strength is restored®, and
innervations is reestablished®. Regeneration of the PDL
likely emanates from PDL progenitor cells!”) which can
assemble new PDL-like structures in vivo'”. Regeneration
proceeds with a new layer of cementum, attached to original
cementum of the tooth root, into which new transverse fibres
are integrated!"!). Then, if a new cementum layer were to be
laid down on the surface of the engineered-device, this would
accommodate the integration of a properly attached PDL with
the potential to stimulate the regeneration of adjacent alveolar
bone!"’.

Tissue-engineering has emerged as a new and ambitious
approach that combines knowledge from material chemistry
with cell biology and medicine. These strategies used
biodegradable polymers to make scaffolds into the cells were
inserted to produce tissues in the presence of growth
factors!'?. The first generation of tissue engineering can be
used for constructing cartilage!*'*! or bone!™”!. The second
generation of tissue engineering requires a new method of
tissue reconstruction not based on scaffolds."!

LIGAPLANTS

The combination of PDL cells with implant biomaterial is
known as Ligaplants (Figure 1). Recently, replace lost teeth
without considering the PDL, implants of inert biomaterial
are directly inserted into jawbones. Before these procedures,
local bone defects and generally poor bone quality necessitate
bone reconstruction!'®. Besides that, localized bone loss
around the implant fixture represents a clinical challenge!'”!
especially in the cases of gingival recession where maybe due
to modified tissue architecture, which requires further
surgical interventions!™™. So, to overcome this problem, a
implant system with tissue-inducing properties might be
useful. Technically, implants with PDL maybe installed in the
extraction socket of the missing tooth, thereby facilitating the
surgical procedure. Natural implant anchoring might also be
compatible with further growth and development of the
alveolar bone housing, and it may allow tooth movements
during orthodontic therapy. Conclusively, ligaplants have the
capacity to induce the formation of the new bone, when
placed in sites associated with large periodontal bone
defects).

implant

Figure 1: Ligaplants
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MATERIALS AND METHODS OF OBTAINING LIGAPLANTS
Tooth transplantation with double PDL stimulation is one of
the best examples of its healing capacity. Fourteen days
before transplantation, the donor tooth is extracted and
immediately replanted in its original alveolus. This deliberate
trauma triggers a healing process within the PDL, which
includes cell proliferation and differentiation. The in vivo cell
culture reaches its peak of activity after 14 days, after which
the transplantation of the tooth can be performed with
millions of cells full activity attached to its root by new
Sharpey’s fibres.>'*2"]

Using this model in its biological and clinical aspect, we now

use it similar cell culture around an artificial root using tissue

engineering techniques.

e  Preparation of temperature-responsive culture dishes
N-isopropylacylamide monomer in 2-propanaol solution
was spread onto polystyrene culture dishes. Then the
dishes were subjected to electron beam irradiation with
an Area Beam Electron Processing System. The
temperature-responsive  polymer-grafted (poly N-
isopropylacrylamide) dishes were rinsed with cold water
to remove ungrafted monomer and sterilized with
ethylene oxide'".

e  Cells and cell culture
Human periodontal ligament cells were isolated from an
extracted tooth. After extraction, periodontal tissue was
scraped from the middle third of the root with a scalpel
blade. The harvested tissue was placed into culture
dishes containing = Dulbecco’s modified Eagle’s
minimal essential medium, supplemented with 10% fetal
bovine serum and 100units/mL of penicillin-
streptomycin. Then, those outgrowth cells were cultured
in a humidified atmosphere of 5% CO, at 37°C for 48
hours to allow attachment of the cells to the dishes. The
dishes were washed to eliminate debris and the medium
was changed three times per week. To harvest the cell
sheet, human periodontal ligament cells were plated on
temperature- responsive culture dishes( 35 mm in
diameter) at a cell density of 1x10° and cultured at 37°C
supplemented with 50mg/mL ascorbic acid 2-phosphate,
10nM dexamethasone and 10nM B-glycerophosphate that
function as an osteodifferentiation medium!>*'.

e  Culture of PDL cells in a bioreactor
A titanium pin which coated with hydroxyappatite (HAP)
was placed in a hollow plastic cylinder leaving a gap of
3mm around the pin. Culture medium was continuously
pumped through the gap. Single cells suspension,
obtained from human, were seeded first into plastic
vessels under a flow of growth medium for 18 days. 2"

PRECAUTIONS WHEN PREPARING LIGAPLANTS

A cushion of sufficient thickness favours the formation of
PDL and on the other, the prolonged cell culturing may
favour the appearance of non-PDL cell types.

In order to preserve the cell differentiation state and to obtain
adequate cell stimulation, the bioreactor has been constructed

with the aim to resemble the PDL situation during cell growth;
cells are positioned in a narrow space between the ligaplant
and surrounding hollow cylinder. It was thereby anticipated
that the PDL phenotype would be favoured implicating a
tight attachment of cells to the implant. So, the preparation of
the ligaplants should have minute mechanical movements of
the medium flow and space between the implants and the
culture should be optimal and the duration of the surface
treatment should also be optimal to obtain the successful
ligaplants which brings big improvements to the implant
system[s].

SUCCESS OF THE LIGAPLANTS??

Tissue-specified characteristics ~were acquired after
implantation: a new-cementum like layer, typical for
regenerated PDL, orientation of cells and fibres across the
non-mineralized peri-implant space.PDL organization that
induced the cooperation of the tissues surrounding the
ligaplant site. Bone formation was induced around ligaplants,
suggesting an osteogenic potential of the new PDL.

The development of a regenerative PDL depends on site-
specific signaling, which in turn is mediated by an anatomic
code, written in expression patterns of homeogene-coded
transcription factors. So, the homeoproteins influence the
synthesis of cell surface and signaling components, and
signals from the cell surface feedback to modulate
homeogene expression, whereby cell identities are
established according to the anatomic site and tissue type.
Homeogene Msx2 has in fact been implicated in the
singregation of mineralized bone versus non-mineralized
PDL™. For the inhibition of mineral formation of PDL, a
role of asporin (an SLRP protein that is present in the
extracellular matrix) has been introduced.*****

ADVANTAGES OF LIGAPLANTS

Ligaplants can alleviate problems that implant commonly
faced such as gingival recession and bone defects of the
missing tooth site. Therefore implant can be applied in cases
of periodontal bony defects, situation that conventional
implants could not be installed. Ligaplant system mimics the
natural insertion of natural tooth roots in alveolar bone.
Ligaplants become firmly integrated without interlocking and
without direct bone contacts, despite the initial fitting being
loose in order to spare the PDL cell cushion. Bone formation
was induced and movements of ligaplants inside the bone
suggesting an intact tissue communication between bone and
the implant surface!.,

DISADVANTAGES OF LIGAPLANTS

The culturing of ligaplants should be cautious about the
temperature, the obtained cells that used for culturing, the
duration of the culturing and others. If some problem evokes
during the culturing, the ligaplants may fail as other non-
periodontal cells may develop. Besides that, with limited
facilities and members to perform this research, the cost of
this type of implant is high. The factors affecting the host to
accept the implant or the growth of PDL in the socket is
unpredictable, which may result in failure of implant.
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CONCLUSION

Ligaplants as tooth replacement has decisive advantages as
compared with osseosintegration devices, due to their
periodontal tissue regeneration. The ligaplants surgery is
relatively easy, because the implant is not tightly fitted to its
site. Besides that, patient may not have to undergo bone
grafting, inconvenience and discomfort with the ligaplants
placement.
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