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Abstract: The current experimental study was conducted in sheep, which present bone anisotropy and
a predisposition to periodontal disease, with alveolar bone resorption, similar to that found in
humans. In this study, alveolar bone augmentation was performed using a lyophilized bovine bone
xenograft enriched with type 1 atelocollagen, which was combined with autologous platelet-rich
plasma (PRP) and advanced platelet-rich fibrin (A-PRF) as a membrane. The results were
radiologically and histologically evaluated at six weeks postoperatively. At that time, the
transformation of the composite biomaterial was clearly visible, suggesting that the regeneration
process started from the periphery of the augmentation mass, which was progressively transformed
from a granular eosinophilic material into an undifferentiated hypercellular one, then into
fibroblastic, cartilaginous tissue, and finally into new bone and desmodontal-like tissue. This process
was most probably induced by all the compounds used, the growth factors found in autologous blood
derivatives, including bone morphogenetic proteins (BMPs), as well as type 1 atelocollagen from the
graft composition, especially in combination. The composite biomaterial at six weeks postoperatively
provided excellent results regarding alveolar bone regeneration, and without any risk, as opposed to
that found in overdose of recombinant growth factors.
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1.Introduction

Alveolar bone destruction is one of the main causes of tooth loss, with many different etiologies,
from acute or chronic trauma to periodontal disease, with its complex pathogenesis related to local
factors or systemic diseases. Moreover, alveolar bone destruction always results in tooth loss, and
tooth loss, regardless of the cause, is followed by complete and irreversible alveolar bone resorption.

*email: ramona.popovici@umft.ro; carmen.georgiu@hotmail.com

Rev. Chim., 71 (4), 2020, 390-400 390 https://doi.org/10.37358/RC.20.4.8079


https://revistadechimie.ro/
https://doi.org/10.37358/Rev
mailto:*email@institution.com
mailto:ramona.popovici@umft.ro

Revista d_e Chimi_e _ .@__
https://revistadechimie.ro

https://doi.org/10.37358/Rev. Chim.1949

Particular attention is now paid to preparations used for guided alveolar bone regeneration,
different preparations having already been used over time. Xenografts are biomaterials with a bone
augmentation role and are represented by lyophilized bone masses belonging to a different species.
Among them, xenografts of bovine origin were generally considered as the equivalents of autografts
[1]. They usually undergo physiological osteoclast and osteoblast remodeling [1], the grafts being
minimally resorbed during the healing period [2]. In this study, a bovine xenograft with a macroporous
structure enriched with type 1 atelocollagen was used. Macroporous structures are ideal in
osteoconduction, favoring vascular proliferation within the augmentation mass. On the other hand,
atelocollagen stimulates platelet aggregation and favors growth peptide release, also with an
osteoconduction effect.

Growth factors are essential for tissue healing and nowadays there is strong evidence regarding the
high levels of growth factors released by autologous blood derivatives, particularly by platelets and
white cells. Autologous blood derivatives are usually in the form of platelet-rich plasma (PRP) and
platelet-rich fibrin (PRF), obtained by centrifugation of autologous blood, and have, in addition to
regenerative and anti-inflammatory effects, a demonstrated antibacterial effect. They act especially
against periodontal germs such as Porphyromonas gingivalis and Aggregatibacter actino-
mycetemcomitans, which are found in large amounts in the periodontal exudate of periodontopathic
patients [3]. These blood derivatives are usually obtained immediately before the bone augmentation
procedure, by different centrifugation protocols (according to the indications of the manufacturers), in
test tubes containing different components.

PRP usually contains a pool of growth factors effective in osteogenic induction, proliferation and
differentiation [7]. Studies demonstrate the role of PRP in bone regeneration [8-12], through the
increased content of various growth factors and other cytokines (potentiating bone morphogenetic
protein (BMP) synthesis and subsequently, cell proliferation) [7,13]. The therapeutic potential of PRP
is dependent on dose [14] and local pH [15]. It is injectable due to the added anticoagulant that is most
often represented by heparin, as well as sodium citrate. As for PRF, an advanced platelet-rich fibrin
(A-PRF) form, it contains: slow-release cytokines, full natural fibrin, monocytes, granulocytes and
plasma proteins, with long-term release of autologous BMP-2. A-PRF fraction also has an increased
content of platelets, neutrophils, subfamilies of leukocytes, as well as red blood cells and exhibits an
increased amount of stem cells [4], and more growth factors. Of autologous blood derivatives, PRP
and A-PRF are considered to be among the easiest to obtain and most efficient preparations used in
tissues [4-7,13]. Consequently, they were used in the current study, PRP in combination with a bovine
xenograft enriched with type 1 atelocollagen and A-PRF as a membrane.

The animal species chosen for this experimental study was represented by sheep, which have
already been used in many dental research fields such as periodontal wound healing [17], endodontic
regeneration [18], stem cell therapy in bone regeneration [19], implant studies [20]. The experimental
sheep model of chronic marginal periodontitis is preferred because of its similarities to humans. It is
known that the main bacterial species involved in human chronic marginal periodontitis are
Porphyromonas gingivalis, Prevotella intermedia, Treponema denticola, Tannerella forsythia and
Aggregatibacter actinomycetemcomitans [22,23]. A number of studies have reported similarities
between ovine and human periodontal flora, containing: Treponema [24], Bacteroides
melaninogenicus/Prevotella [25,26], Bacteroides gingivalis [27]. This bacterial colonization and the
natural evolution of periodontal disease in sheep are the main arguments for using this experimental
sheep model of chronic marginal periodontitis. However, similarly to the human species, individual
variations in the extension and severity of periodontal disease may complicate the response to healing
in sheep [21].

The aim of this study was to assess the efficiency in guided alveolar bone regeneration in sheep of
a composite system, consisting of a bovine xenograft enriched with type 1 atelocollagen and combined
with PRP and A-PRF used as a membrane, in the context of chronic marginal periodontitis.
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2.Materials and methods

The study was conducted based on the approval of the Ethics Committee no. 23 of 23.01.2015,
issued by “Iuliu Hatieganu” University of Medicine and Pharmacy Cluj-Napoca, Romania.

This experimental study included three 5-year-old sheep (Ovis aries, Romanian Turcana breed),
non-pregnant multiparous females, with a weight ranging between 40-60 kg, without cardiac diseases
or other organic disorders, which had chronic marginal periodontitis and received periodontal
treatments, including bone augmentation. In order to avoid the suffering of the animals, general
anesthesia was used before any examination or intervention on the dental bone and periodontal
structures.

Periodontal status [28] and the probing depth were evaluated with an 11 mm periodontal probe
with a tip diameter of 0.5 mm, and tooth mobility was assessed using a dental clamp and the same
graded periodontal probe. At the same time, the calculus and bacterial plaque index was evaluated, as
well as bleeding on probing and the degree of tooth mobility.

The post-evaluation treatment was multimodal. First, antibiotic therapy was applied, which
consisted of subcutaneous injection of 1 mL Amoxicillin Retard 20%/10 kg live body weight, for five
days, starting 12 h before initiation of local treatments. This was followed by piezoelectric ultrasonic
supragingival scaling, performed using a flat loop with a spatula-shaped active portion [29], with
moderate intensity, in order to avoid destruction of the enamel prisms and root cementum in the
coronal third, given the animals’ tooth morphology. Then, closed field periodontal curettage and root
planning were performed. Periodontal curettage was performed in the presence of periodontal pockets
diagnosed by periodontometry, inflammation, dental calculus and bleeding on probing. It was carried
out manually, using Gracey curettes number 1/2, 3/4, 5/6 [29], with a 3 mm longer passive portion, in
order to easily access pockets deeper than 5 mm [28]. Regarding the active portion, this has a sharp
surface that acts on the root cementum, as well as a round surface positioned in the opposite direction,
which protects the adjacent areas. With the same curettes, the granulation tissue of the inner epithelium
of periodontal pockets was also curetted.

Periodontal bone augmentation was aimed at regenerating superficial and deep bone and ligament
tissue; for this purpose, bone grafting was performed with lyophilized bovine bone (Hypro-Oss),
incorporating type 1 atelocollagen, modified to non-immunogenic atelocollagen 30% and hydroxyl-
apatite 70%, with organic matrix containing small molecules of proteoglycans and non-collagen
proteins [30], and having a macroporous structure.

Platelet-rich plasma PRP containing thrombocytes and white blood cells in a proportion of 99.9%
was obtained by centrifugation of the test tubes with autologous blood at a speed of 3500 rotations per
minute for five minutes (XC-2000 centrifuge). The presence of thixotropic gel is mandatory for the
adequate separation of white blood cells from erythrocytes; anticoagulant must also be present. The
xenograft was combined with PRP [4,11], and subsequently applied to the surgical site, to a recipient
dental bone bed (application to the bone as well as to the root cementum was performed).

The membrane was made of A-PRF, obtained by centrifugation of the test tubes at a speed of 1500
rotations/min, for 10 min in the XC-2000 centrifuge (low-speed centrifugation concept). The test tubes
can be simple or with fibrin addition. Following centrifugation, the platelet clot was extracted, which
was pressed and thus the membrane was obtained; this was cut and placed so as to cover the entire
xenograft combined with PRP, with the margins exceeding the grafted bed, in order to penetrate under
the periosteum adjacent to the surgical site.

Guided tissue regeneration was carried out with a coronally displaced flap and deepening of the
vestibular sulcus. The intervention was strictly performed in the lower front region. Incision of the
sulcus was made with a periodontal scalpel, and the mucoperiosteum was detached up to the vestibular
cul-de-sac and up to 5 mm in the lateral areas.

After the periodontal bone defect was uncovered, vestibuloplasty was performed [29] with an
incision of the lip and cheek mucosa, at 8 mm distance from the insertion of the fixed mucosa. The
incision was horizontal, and did not exceed the vestibular chin area (adaptation of Kazanjian’s
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method). Subsequently, two symmetrical Z-shaped discharge incisions were made, which allowed
displacing the flap in coronal direction, avoiding in this way the tensions exerted on the flap during
achievement of lower lip functionality (a technique adapted to the anatomical structures of sheep).

After evidencing the root portions without bone support, following mucoperiosteal flap
detachment, the root surfaces were washed with citric acid, sterile physiological serum, and with PRP.
Then, the bovine xenograft enriched with type 1 atelocollagen, previously combined with PRP, was
applied, and next, the A-PRF membrane was positioned, exceeding the augmentation area by about 5
mm. The membranes did not require suturing or fixation with pins. The mucoperiosteal flap was
placed over the augmentation area, being pulled coronally and sutured in the desired position;
subsequently, the incision of the cul-de-sac can be extended if needed, to ensure the absence of traction
of the flap. Resorbable sutures were placed in order to avoid additional sedation.

The euthanasia protocol was introduced after six weeks. The specimens for histological
examination were collected by sectioning the chin with the entire front teeth group. The dental-
periodontal structures were reexamined during the sample taking session, on which occasion the
absence of calculus and bacterial plaque deposits was found. All the histological slides were stained
with hematoxylin-eosin.

3.Results and discussions
The post-centrifugal result for A-PRF and PRP respectively according to the techniques described
above is that of (Figurel a. A-PRF b.PRP).

a b
Figure 1. a. Image showing the color difference between the
A-PREF clot in the middle and PRF; b.The test tube used for PRP
preparation (Plasmolifting), the container in which HIPRO-OSS was stored,
and the syringe in which autoplasma was collected

The results were histologically evaluated at six weeks postoperatively. The biomaterial was
partially transformed, simultaneously presenting areas of hypercellularity, cartilage, new bone and
desmodontal-like tissue.

The “transformation” into new bone started in the deepest portion of the augmentation area, at the
contact point with the mesenchymal tissues of the host. From there, fibrocartilaginous neoosteogenesis
progressively replaced the biomaterial, very similarly to what is usually observed in a callus formation.
At this point, six weeks postoperatively, the process was not fully completed, but the new bone
formation was sufficiently advanced to reveal details of the process of neoosteogenesis. Small amounts
of granular biomaterial were still present (Figure 2 a), but also, next to them, small areas of
hypercellular biomaterial, with numerous small undifferentiated mesenchymal cells or stem cells
(Figure 2 b, c), and larger areas of more differentiated tissues such as collagen fiber-secreting
fibroblasts (Figure 2 d, e), fibrocartilage (Figure 2 f), cartilage (Figure 2 g) and also small new bone
structures (Figure 2 h) were found. The more differentiated ones were in direct contact with the host
tissues, meaning the remnants of original alveolar bone, desmodontium and gingival fiboromucosa.
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g h

Figure 2. Detailed representation of the transformation of the biomaterial into bone structure, at six
weeks postoperatively: a. Non-transformed, fine, granular, eosinophilic hypocellular biomaterial; b.
Transformation of the biomaterial, with variable cellularity, representing the first stage of
transformation; ¢ The biomaterial with increased cellularity, consisting of numerous undifferentiated
mesenchymal cells, with a small amount of cytoplasm and small basophilic nuclei; d. The first
fibroblast differentiations of the biomaterial, with fusiform fibroblast cells with a fascicular
arrangement, but also interspersed with undifferentiated cells; e. Organization in fascicles of collagen
fibers (highly eosinophilic) secreting fibroblasts; f. Fibrocartilaginous transformation, the first
chondroblasts being visible in the right upper part of the image; g. Cartilaginous island (right lower
corner of the image) inside fibrocartilage; h. Extremely basophilic (calcified) organizing bone structure
(in the center of the image), inside fibrocartilaginous tissue. Hematoxylin-eosin staining
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The location of all these transformations was directly related to the location of the composite
biomaterial used for bone augmentation present around the vestibular parts of the treated roots. Bone
augmentation appeared as fibrocartilaginous ossification in the coronal part of the residual alveolar
bones (Figure 3 a, b), between the bone and the gum, or also covering the desmodontium and the root,
after more extensive alveolar bone resorption. However, all stages of ossification, fibrous,
fibrocartilaginous (Figure 3 c, d) or fully differentiated bone trabeculae were present (Figure 3 e, f).

Figure 3. The location of the biomaterial and of its end results, according to the elements of the
periodontal region: a. Tooth, alveolar bone and hypercellular biomaterial between the bone and the
gum; b. Hypercellular biomaterial covering the rests of the resorbed alveolar bone, and of the
desmodontium and the root; c. Desmodontium, initial alveolar bone, fibrocartilaginous growth on one
side of the initial bone and fibroblastic area; d. Initial alveolar bone surrounded by extensive fibrous
and fibrocartilaginous tissues; e. General appearance of a tooth in oblique-longitudinal section, along
with the periodontium (gingiva, desmodontium, alveolar bone), which shows on the surface of the
alveolar bone (lower part of the image) a new bone forming area, with fine bone trabeculae,
perpendicular to the initial bone, representing the bone augmentation performed by the biomaterial. f
At a larger magnification, the same tooth, desmodontium, initial alveolar bone, and new, bone
trabeculae. Hematoxylin-eosin staining.
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As this study confirms, the animals included in the study (sheep) can be successfully used in
cellular experimental studies, and particularly in the study of periodontal therapy, representing a
predictable model for human clinical studies [36,37]. Moreover, in the chosen sheep, at the age of five
years, the presence of chronic marginal periodontitis as well as the guided bone regeneration were
more conclusive, considering the bone isoform and the calcium concentration that decreases [38] with
aging; calcium concentration increases until two years of age, after which it starts to decrease [38].
Physiologically, this species is known to have increased tooth mobility (equivalent to grade Il tooth
mobility in humans), with much more elastic ligaments and a much larger desmodontal space. This is
why dento-dental immobilization was not chosen, which did not prove to be unfavorable regarding the
evaluation of results and bone formation.

The success of the treatment presented here was mainly the result of the composite material used
for bone augmentation, meaning all the compounds themselves, but especially in combination. Firstly,
the macroporous material used as a xenograft potentiates the growth of blood vessels towards the
inside of the structure. Secondly, atelocollagen stimulates and accelerates the formation of new bone
tissue by triggering platelet aggregation, degradation and release of growth peptides responsible for
osteoinduction. Furthermore, it was already emphasized that alkaline phosphatase is more active after
12 days in the presence of atelocollagen, which makes it more useful for oral and maxillofacial bone
reconstruction [31]. Also, atelocollagen in contact with fibrin shows a much higher resistance, and
inflammatory cell accumulation in the presence of atelocollagen is significantly lower [32].

Regarding PRP, it confers an angiogenic role to the composite material [33], and promotes
collagen synthesis [6, 33,46] and bone formation. It suppresses chondrocyte apoptosis and improves
transplanted cell integrity, regulates cellular differentiation, and modulates growth factors, including
BMP2 [34], which contribute to osteogenic induction, proliferation and differentiation [16,34,35]. It
also contributes to stem cell osteogenesis [7], establishes a balance between adipogenesis and
osteogenesis, induces a significant increase in cell proliferation without affecting differentiated cells.
The amount of BMPs in PRP varies with the pH (4), which is dependent on platelet lysis in buffer
systems, which in turn influence the potentiators of BMPs, explaining the various release mechanisms
of BMPs from PRP, such as: activation of the therapeutic potential of muscle-derived stem cells,
which express BMP4 [6], as well as activation of the therapeutic potential of adipose tissue-derived
stem cells, which express BMP2 [34], due to the high DNA content.

Moreover, the A-PRF used in this study is a blood cell concentrate, which contains a multitude of
growth factors. It can be used as a mass for the augmentation of hard tissues both alone and combined
with other bone augmentation materials [39]. The new A-PRF protocol, based on the low-speed
centrifugation concept, is the most powerful concept as it combines the fibrin network, the growth
factors from platelets and the white cell activity for only one goal: getting the more rapid and thorough
vascularization of the local tissues [4,5,6]. The A-PRF protocol proposes the best composition for the
healing cascade: slow-release cytokines, full natural fibrin, monocytes, granulocytes and plasma
proteins, with long-term release of autologous BMP-2. A-PRF also presents a higher osteogenic
potential [16,40] compared to PRF and PRP. This again is due to the concept of low-speed
centrifugation, which produces a uniform distribution of cells in the clot, as well as to the presence of a
higher amount of growth factors and a wide range of over 100 bioactive molecules, the most notable of
which are PDGF, VEGF, IGF, EGF, TGF- and BMP2 [4,16]. It also contains more inflammatory
cells compared to PRF [4,41]. In his studies, Pirraco showed BMP production by monocytes and
macrophages, BMP receptors in monocytes thus being discovered. The results confirm that A-PRF
releases all cytokines already present in PRF and a higher amount of monocytes and bone
morphogenetic proteins, BMP-2 and BMP-7, respectively [6]. There are also studies that confirm the
possibility of a role of TGF-R1 in promoting bone regeneration in sheep [42].

Different histological analyses for A-PRF showed a significantly higher number of neutrophil
granulocytes and leukocyte subfamilies compared to PRF. Different cells are seen in the middle and
distal portions of the clot; here, the uniform presence of monocytes is highlighted, which subsequently

Rev. Chim., 71 (4), 2020, 390-400 396 https://doi.org/10.37358/RC.20.4.8079


https://revistadechimie.ro/
https://doi.org/10.37358/Rev

Revista d_e Chimi_e _ .@__
https://revistadechimie.ro

https://doi.org/10.37358/Rev. Chim.1949

turn into macrophages and are found in PRF at the extremity of the clot. In this sense, A-PRF
significantly facilitates cell penetration into the fibrin clot, promoting vascularization [4,6].

The rapid regeneration of bone and ligament structures as observed in this 6-week experimental
study is most probably due to local stimulation of bone morphogenetic protein proliferation, owing to
growth factors in the platelet autoplasma, which is potentiated by the qualities of the xenograft of
bovine origin, enriched with type 1 atelocollagen, according to the described techniques. At the same
time, the platelet autoplasma potentiates periodontal ligament regeneration by promoting collagen
synthesis. The association of these elements induces a healing cascade that leads to cell chemotaxis,
angiogenesis, cell proliferation and matrix synthesis without affecting the differentiated cell.

In the present study, glass test tubes were used to obtain A-PRF, although there are studies that
preferentially indicate plastic test tubes or test tubes made of glass with the walls lined by plastic,
because glass hardness more rapidly promotes coagulation cascades, unlike plastic elasticity that
would prolong the coagulation time [43], but there are studies evidencing the detachment of silica
microparticles during centrifugation of test tubes containing plastic masses. Although the silica
particles of test tubes are considered to be stable, the possibility of inducing cytotoxicity in
inflammatory cell responses was found [44], a behavior similar to that of direct dental adhesive
systems [45].

As it is known, using rh-BMP-2 recombinant growth factors in sheep has yielded favorable results
compared to evaluation under different conditions such as osteodistraction [46]. The current
biomaterial used in this study does not involve the risks of overdosage or dose-dependent catabolic
reactions, as it happens with recombinant growth factors including rh-BMPs. According to literature
data, adverse effects generally occur in the case of the use of high doses, the most important of these
effects being: cell apoptosis, inflammatory reactions, fibroblast infiltration [47].

Compared to autografts, additional surgery was here avoided; the doctor’s physical effort and the
trauma induced to the patient decrease, postoperative inflammation is extremely reduced given the
predominance of platelets, and healing and osseointegration are very rapid [48].

Histological evaluation did not show osteolysis in the addition areas of the composite biomaterial
after six weeks from completion of surgery, and clearly proved an evolution towards bone
transformation, starting from the marginal portions of the hypocellular area of the biomaterial, also
clearly revealing the bone transformation stages. The presence of new bone was histologically visible
in all alveolar bone augmentation areas.

4.Conclusions

Alveolar bone augmentation, using a bovine xenograft enriched with type 1 atelocollagen and
combined with PRP and A-PRF, respectively, as a membrane, provided better than expected results
following evaluation at six weeks postoperatively. The biomaterial offers excellent results regarding
alveolar bone regeneration. This study also revealed many details of the histological evolution from
acellular granular biomaterial to well-structured new bone trabeculae and their well-guided apposition
at periodontal level.
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