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Abstract
Objectives: This study aimed to evaluate the bone regeneration performance of the xenografts Bio-Oss
and Cerabone, isolated and associated with i-PRF, in critical bone defects in rat calvaria.

Materials and Methods: Surgical defects were performed and �lled with different materials, according to
the referred groups: clot (CG), autogenous bone (AG), Bio-Oss (BO), Cerabone (CB), i-PRF homogenous (i-
PRF), Bio-Oss associated with i-PRF (BOPRF) and Cerabone associated with i-PRF (CBPRF). The animals
were euthanized for histological and histomorphometric analysis after 4 and 8 weeks. Statistical analysis
for bone neoformation assessment was performed by ANOVA and complemented by Tukey's test.

Results: The AG group exhibited the highest mean for bone neoformation (37.83 ± 7.96) in this study.
Among the bone substitutes, CBPRF group (18.79 ± 5.98) exhibited highest means (p<0.05) compared to
BO group (10.20 ± 2.82) and CG group (6.96 ± 3.29). i-PRF group (17.07 ± 4.95), BOPRF group (16.86 ±
6.14), BO group (10.20 ± 2.82), and CB group (16.15 ± 4.72) were not signi�cant among them (p>0.05).

Conclusions: According to the results obtained in this study, it was observed that Cerabone® and Bio-
Oss®, associated with i-PRF, exhibited a satisfactory applicability to �ll critical defects, favoring the bone
regeneration process.

Clinical Relevance: To the authors' best knowledge, no study in the literature has been found so far, in
animals or humans, that compares and associates the materials cited in this study.

Introduction
Bone substitutes are often used as part of grafting procedures for bone gain and �lling defects in
dentistry. Currently, autogenous bone is still considered the gold standard for these procedures [1–4], due
to its osteogenic, osteoinductive, and osteoconductive properties. However, its practical use is limited by
its availability and invasiveness, with increased surgical morbidity associated with patient treatment [5].

Thus, many commercial bone grafting materials, of allogeneic, xenogeneic, and alloplastic origins are
extensively studied and developed. Although they do not have the same capabilities as autogenous
grafts, they are effective, with certain limitations, for bone augmentation and treatment of periodontal
and peri-implant defects [6, 7].

Deproteinized bovine bone mineral (DBBM) is a safe and biocompatible material with osteoconductive
properties [8] and is considered the most widely used and documented biomaterial in bone reconstruction
[7, 9, 10]. As it is a natural biomaterial, the material may maintain its original surface characteristics,
mimicking human bone. Thus, its receptor surface acts as a scaffold and becomes attractive to bone-
forming cells [11, 12].

Bio-Oss® (Geistlich Pharma AG, Wolhusen, Switzerland) is a DBBM with an open porous structure
comparable to natural bone [13, 14]. The material is deproteinized to completely remove immunogenic or



Page 3/19

potential pathogenic components by extraction with organic solvents followed by heat and alkaline
treatment [15, 16]. Histological studies con�rmed the osteoconductive properties of Bio-Oss in implant
installation procedures, alveolar ridge augmentation, and maxillary sinus lifting [9, 15, 17, 18].

Cerabone® (Botiss, Zossen, Germany) is a sintered DBBM with a trabecular bone-like structure [19].
Sintered at a high temperature, results in a highly crystalline hydroxyapatite mineral with low
bioresorbability [16, 20]. Histological studies have reported osteoconductive properties for Cerabone,
together with low immunogenic potential and the ability to support angiogenesis, which can be applied in
several surgical and periodontal procedures, as well as Bio-Oss, in addition to being compared with it
[21–23].

Faced with these different characteristics and limitations, the literature explores alternatives and
associations with different products that can aggregate osteogenic cells and growth factors, such as the
case of Platelet-Rich Fibrin (PRF) [24–26].

As one of the production protocols, injectable Platelet-Rich Fibrin (i-PRF) is liquid and can be combined
with bone substitute grafts [27]. Thus, i-PRF works by enriching bone substitutes with growth factors,
promotes �broblast migration, and has the potential to release a higher concentration of cytokines and
selective growth factors over time compared to other platelet concentrates described in the literature [28–
33]. Clinically, it also allows the bone graft particles to unite for better handling and compaction in the
surgical bed [34, 35].

Therefore, this study aimed to evaluate the bone regeneration performance, through histologic and
histomorphometric analysis, of Bio-Oss, and Cerabone, isolated and associated with i-PRF, in critical bone
defects in rat calvaria, systemically healthy.

Methods

Animals
This study was conducted according to the ARRIVE guidelines for experimental studies with animals [36],
and was approved by the Ethics Committee on the Use of Animals at the Federal University of Alfenas,
Brazil (registration number: 60/2018).

For this study, it was calculated a sample size of 64 male Wistar/ST rats, seven-week-old (body weight,
200-300g) to be used after acclimatization (2 weeks). The rats were kept in cages at a constant
temperature, with a 24-h light-dark cycle, and provided ad libitum access to food and water during the
experiment period. Thus, rats were randomly allocated into seven groups of eight animals each. Eight
animals were used as donor rats to obtain the homogenous blood derivatives. In each experimental
group, four rats were euthanized after 4 weeks and four were euthanized after 8 weeks postoperatively.
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Two surgical defects, 6 mm in diameter each one, were performed in each rat, which received the same
type of graft. Thus, sixteen bone defects were obtained per group, with eight bone defects evaluated
within a period of 4 weeks and eight bone defects evaluated within a period of 8 weeks. The sample size
was calculated (software GPower v3.1.9.2) according to an effect size of 0.4, with a signi�cance level of
5% and power of 80%, demonstrating the need for at least 14 surgical defects per group.

Description of the groups:
AG: Autogenous bone (positive control);

CG: Clot (negative control);

BO: Bio-Oss DBBM, Geistlich;

CB: Cerabone DBBM, Straumann;

i-PRF: Homogenous injectable platelet-rich �brin;

BOPRF: Bio-Oss associated with i-PRF;

CBPRF: Cerabone associated with i-PRF.

i-PRF preparation
An intracardiac puncture was performed with a BD Vacutainer® Safety-Lok™ Blood Collection Set scalp
(0.8 x 19mm x 178mm) directly in the animal's left ventricle and a 9 ml white Vacuette® tube (Z, without
additives) was used. The blood volume taken from the donor rats to obtain the homogenous i-PRF was
approximately 7ml and centrifuged immediately (Centrifuge FibrinFuge25®, Montserrat).

The collected blood was centrifuged once at 2700 rpm, for 6 minutes, without the addition of any
anticoagulant, as recommended by Dohan, Choukroun, Diss, Dohan, Dohan, Mouhyi and Gogly [37]. At
the end of this process, it was possible to observe an orange-colored area at the top (i-PRF) and red blood
cells at the bottom of the tube. Then, the tubes were opened carefully so as not to homogenize the
material, and a syringe coupled to a hypodermic needle was used to collect the i-PRF.

Surgical procedures
General anesthesia was given by intramuscular injection of xylazine (10 mg/kg Xilazin®, Syntec, Brazil)
and ketamine (90mg/kg Dopalen®, Ceva, Brazil). After shaving and painting with povidone-iodine
(Riodeine®, Rioquímica Ltda, São José do Rio Preto, SP, Brazil) it was performed subcutaneous local
anesthesia with 1% lidocaine and epinephrine (1:100,000) and then an incision was performed in the rats'
calvaria with a 15c scalpel blade and a full-thickness �ap was detached in the posterior direction.

Two critically sized craniocaudal defects were performed on the calvaria of each rat to reduce the sample
size, one more anterior and the other more posterior, with a 6mm diameter trephine drill (Neodent, Curitiba,
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Brazil) attached to an NSK electric motor, rotation 1200 rpm, under abundant refrigeration with sterile
saline solution (Physiological 0.9% Equiplex®, Aparecida de Goiânia, GO, Brazil).

After making the two critical defects, the groups received the respective grafts. The positive control group
received an autogenous bone graft (AG group) and the negative control group had wound closure with a
clot (CG group). The group that received the autogenous bone had the bone circumference ostectomized
and particulated in a bone grinder, then the crushed bone was placed again in the region of the defects.
The clot group had defects made with a trephine, bone circumference exeresis, and wound closure only
with the �lling blood clot in the region of the defect.

The defects of the experimental groups were �lled with Bio-Oss in the form of granules of 0.25–1.0 mm
(group BO), Cerabone in the form of granules of 0.5–1.0 mm (group CB), Homogenous i-PRF (i-PRF
group), Bio-Oss associated with i-PRF (BOPRF group) and Cerabone associated with i-PRF (CBPRF
group). The grafts were deposited in a small metal tub and moistened with saline solution (BO and CB
groups) or associated with i-PRF (BOPRF and CBPRF groups), then inserted into the defects with a Molt
peeler. The �aps were repositioned and sutured with nylon 3.0 thread (Ethicon, Johnson & Johnson,
Brazil) (Fig. 1).

After surgery, the animals received a single dose of Pentabiotic® (0.03 ml, 1.200.000 IU, Zoetis, Brazil)
intramuscularly and a dose of Meloxicam 0.2% (0.2 ml Elo-xicam, Chemitec®, Brazil). An analgesic dose
of 0.06 ml of tramadol hydrochloride 50mg/ml was also applied intraperitoneally. Analgesic doses were
administered at the end of the procedure and for another 3 days. Follow-up was carried out every day in
the �rst week after surgery and then every 15 days for clinical evaluation.

The animals were euthanized between 4 and 8 weeks after surgery through the CO2 inhalation.

Histological analysis
The bone specimens were immediately �xed in 10% neutral buffered formalin solution for 24 hours,
decalci�ed in an EDTA-based solution (Dinâmica Química Contemporânea Ltda®, Brazil) for 30 days,
and embedded in para�n. Serial cuts of transverse 5-µm-thick tissue sections were prepared from each
specimen utilizing the standard histological technique and stained with a hematoxylin-eosin solution for
histological and histomorphometric analysis.

Histomorphometric analysis
The histological sections were selected so that the original surgical defect could be evaluated
histomorphometrically in its entirety. The images of the histological sections were captured using a
digital camera (Axiocam MRc 1.4 Mb - Carl Zeiss, Göttingen, Germany) coupled to a binocular optical
microscope (Axio Lab - Carl Zeiss, Göttingen, Germany) with an original magni�cation of 2x, 5x, 25x, and
40x (N objective lens - Achroplan) and saved on a computer.

The images were captured by the “AxioVision Rel. 4.8” software and their respective scale bars were used.
The program allowed the calculation of bone formation area in square micrometers. The following
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criteria were used to standardize the histometric analysis of the digitized images [38]:

a) The total area (TA) analyzed corresponded to the total area of the surgical defect. This area was
determined by identifying the internal and external surfaces of the original calvaria on the right and left
margins of the surgical defect. These surfaces were connected with lines drawn following their
curvatures and were measured at 2 mm at the ends of the specimens to establish the boundaries of the
original surgical defect. The height of the total area was determined according to the thickness of the
skullcap. The area of bone neoformation (ABN) was delineated within the limits of TA. The ABN was
represented by a region of intense cellular activity, osteoid matrix, and bone mineralized with osteocytes,
formed from the edge of the surgical defect towards the center;

b) TA was measured in m² and considered 100% of the analyzed area. The ABN was also measured in
m² and was calculated as a percentage of TA;

c) Only the particles from the autogenous bone graft were measured in m² and calculated as a
percentage of AT.

Statistical analysis
The ABN was represented by the percentage of the area of new bone in relation to the TA of the surgical
defect. The results were estimated as a mean ± standard deviation (SD) and a median. The Shapiro–Wilk
normality test was applied, and homogeneity of the results was observed (p > 0.05). Comparisons of
individual interactions (bone substitutes, periods) were performed by 2-factor variance analysis, ANOVA.
Values showed statistical signi�cance applying the Tukey test. All data were analyzed using IBM SPSS
25.0 (Chicago, IL, USA) and the signi�cance level was set to p < 0.05.

Results
Four animals died during the experimental period. Two of them died during the surgical period, and two
were euthanized in the postoperative period for showing suffering. The four animals were replaced,
making a total of 64 animals. The animals remained healthy throughout the experimental period,
demonstrating good tolerability to the surgical procedure and no signs of infection after the interventions.

Descriptive histology
It was observed that none of the specimens presented complete closure of the surgical defect, even in the
8-week experimental period. Regardless of the material used in the defect, there was no presence of
in�ammatory in�ltrate after 4 weeks of repair.

CG group exhibited a smaller thickness than the original calvaria in the region of the defect, although it
presented bone neoformation at the margins of the defect in most specimens. AG, BO, and CB groups
presented bone neoformation from the edges of the defect towards the center and the graft particles �lled
most of the defect, maintaining the thickness of the calvaria. The i-PRF group maintained the original
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thickness of the calvaria and showed bone neoformation at the margins of the defects. Lastly, BOPRF
and CBPRF groups showed bone neoformation in all specimens, progressing from the defect margins
and approaching the central region. The thickness of the calvaria in the region of the defect was
maintained and, in some specimens, the volume was greater (Fig. 2).

Histometric analysis
The evaluation between groups exhibited a signi�cant difference (p < 0.01) at the mean of the periods'
assessment, but no signi�cant difference was proved between the evaluation periods (p > 0.05) (Fig. 3).
Conversely, the interaction between group and evaluation period was also not signi�cant (p > 0.05)
(Table 1).

Table 1
Statistics of the percentage of bone neoformation area in relation to the total area of the defect according

to the group and period.

  Evaluation periods  

Groups 4 weeks 8 weeks Mean of periods

  Mean ± SD (Median) Mean ± SD (Median) Mean ± SD (Median)

AG 33.53 ± 8.75 (33.71) 42.12 ± 10.80 (42.07)ns 37.83 ± 7.96 (40.14)(a)

CG 8.01 ± 4.26 (7.76) 5.90 ± 4.93 (4.20)ns 6.96 ± 3.29 (5.97)(b)

BO 10.75 ± 4.37 (10.09) 9.65 ± 5.90 (7.10)ns 10.20 ± 2.82 (10.39)(bc)

CB 16.84 ± 7.67 (16.51) 15.45 ± 5.48 (15.93)ns 16.15 ± 4.72 (17.07)(cd)

i-PRF 15.43 ± 5.42 (16.15) 18.72 ± 7.99 (17.68)ns 17.07 ± 4.95 (16.35)(cd)

BOPRF 16.47 ± 5.52 (15.40) 17.24 ± 11.31 (15.52)ns 16.86 ± 6.14 (15.96)(cd)

CBPRF 15.72 ± 9.30 (12.62) 21.85 ± 6.09 (20.49)ns 18.79 ± 5.98 (17.00)(d)

Obs.: Letters in parentheses indicate signi�cant differences (p < 0.05) between the corresponding
groups. ns-Indicates a non-signi�cant value of p (p > 0.05) between periods.

The highest bone neoformation means corresponded to the AG groups at 8 and 4 weeks (42.12% and
33.53%, respectively), followed by the CBPRF group at 8 weeks (21.85%), while the lower means were
expressed in the CG groups at 8 and 4 weeks (5.90% and 8.01%, respectively), followed by BO at 8 and 4
weeks (9.65% and 10.75%, respectively). Considering the mean of the periods' assessment for bone
neoformation, the AG group represented the highest results (37.83 ± 7.96), followed by the CBPRF group
(18.79 ± 5.98), i-PRF group (17.07 ± 4.95), BOPRF group (16.86 ± 6.14), CB group (16.15 ± 4.72), BO group
(10.20 ± 2.82), and then the CG group (6.96 ± 3.29). A statistical difference between the reported
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outcomes was observed by the AG group from all other groups; between the CG group and the CB, i-PRF,
BOPRF, and CBPRF groups; and between the BO group and CBPRF group.

All the described outcomes are better illustrated in Table 1 and Fig. 3.

Discussion
This study aimed to evaluate the use of Bio-Oss, Cerabone, and i-PRF, alone or in combination, in critical
size bone defects in rat calvaria. To the authors' best knowledge, no study in the literature has been found
so far, in animals or humans, that compares and associates the materials cited in this study.

The application of BO and CB isolated in the critical defects created for this study did not show a
statistical difference between them (Table 1). Even more, the BO group presented a lower result during the
mean of periods if we consider that there was no difference (p > 0.05) with our control group, CG,
differently from CB (p < 0.05). This result contradicts many studies that represent Bio-Oss as the most
commonly used bone substitute with good clinical and histological outcomes that favor its use [8, 39,
40]. However, a similar study of Grossi-Oliveira, Faverani, Mendes, Braga Polo, Batista Mendes, de Lima,
Ribeiro Junior, Okamoto and Magro-Filho [6] also reported other graft substitute materials, xenogeneic
and alloplastic origin, with better results than the Bio-Oss itself. This could be justi�ed by the slow and
incomplete resorption rate of its particles, even exhibiting a superior rate of calcium release as compared
to Cerabone as described by the literature [41, 42].

Mahesh, Mascarenhas, Bhasin, Guirado and Juneja [9] also investigated new bone formation with Bio
Oss or Cerabone in sinus augmentation procedures by histologic and histomorphometric analysis.
Compared to our results, the use of the xenografts isolated also did not show a statistical difference
between the groups but allowed new bone formation in the grafted sinuses, which have been considered
both as predictable materials to apply in different clinical procedures. Furthermore, according to the
authors, both materials show a similar healing process involving minimal in�ammation and resulting in
long-term success.

Tawil, Barbeck, Unger, Tawil and Witte [43] demonstrated that the use of Cerabone in patients submitted
to maxillary sinus lift procedures, followed by the installation of implants, proved to be an adequate
osteoconductive material with slow and effective resorption. Further, other human studies, where
Cerabone and Bio-Oss were compared to assess the bone regeneration process did not observe any
statistical difference between the analyzed groups and both xenografts proved to be effective in sinus
enlargement of atrophic maxillae [44]. Riachi, Naaman, Tabarani, Aboelsaad, Aboushelib, Berberi and
Salameh [45] also reported, through radiographic analysis of maxillary grafted sinuses, that Bio-Oss
presented a signi�cantly greater volumetric loss (33.4 ± 3.1%) than the initial graft size compared to
Cerabone (23.4 ± 3.6%), being the largest amount of vertical loss of volume observed after one year of
surgery.
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The use of i-PRF has been proposed to agglutinate the particulated bone graft material in defects and to
enhance its osteoconductive capacity [32]. As explored by many studies in the last decade, the
advantages of i-PRF carrying cytokines and growth factors, accelerate cell migration, neovascularization,
and the in�ammatory response, favoring tissue repair [38, 46]. Furthermore, its capacities can be
extrapolated to many periodontal and surgical procedures, proving to be versatile, effective, and of low-
cost obtention material.

Similar in vivo studies �lling and associating i-PRF to DBBM grafts in calvarial defects are still scarce in
the literature. Mu, He, Xin, Li, Yuan, Zou, Shu, Song, Huang and Chen [47] investigated the angiogenic and
osteogenic capacity of DBBM particles soaked in i-PRF for sinus grafting, in rabbits. In this study, i-PRF + 
DBBM accelerated vascular formation, bone remodeling, and substitution of bone graft materials at the
early healing period, even though it failed to increase the bone volume in a long-term period, but
demonstrating great potential in the application for sinus augmentations. Using L-PRF in calvarial
defects, do Lago, Ferreira, Garcia, Okamoto and Mariano [11], also exhibited that the association between
Bio-Oss and L-PRF showed improvement in bone repair compared to the isolated application of the
materials. Also con�rming the potential of the platelet concentrates as described by recent studies.

Thus, these studies also suggest that the i-PRF used alone is already capable of promoting bone
regeneration [48–50], a situation also observed in the present study, in which the i-PRF was superior to
the CG group and statistically similar to the other groups.

In this study, only the AG particles were measured and included in the percentage calculation of new bone
formation within the total area of   the defect. DBBMs were not counted in the surgical defects. Thus,
autogenous bone showed statistical difference from all groups, presenting numerical results considerably
higher.

Following the ARRIVE and the Ethics Committee for studies with animals’ guidelines from the Federal
University of Alfenas, the required blood volume and collection for the i-PRF preparation in rats is
considered a terminal procedure [51]. Therefore, homogenous i-PRF was chosen, since by using donor
rats, it was possible to obtain a greater volume of i-PRF [52]. Furthermore, as a possible concern due to
this choice, there are reports of the use of donor rats to obtain platelet concentrates without interfering
with their results [53]. The risk of antigenicity seems to be insigni�cant when the donor animals are
healthy, of the same age and species as the recipient animals [54]. Thus, it can be suggested that the use
of donor animals to obtain blood derivatives in experimental research with small models is feasible [52].
In the present study, no antigenicity reaction was noted in the recipient rats.

Even though the scienti�c literature suggests an 8-week period for histological analysis of new bone
formation in experimental models [55, 56], there was no statistical difference between groups during the
4-week and 8-week periods in this study. Conversely, some studies also suggest that, it is important to
evaluate the effects of grafting on bone regeneration after 60 days postoperatively. According to Sohn,
Heo, Kwak, Kim, Kim, Moon, Lee and Park [57], it would be a period long enough to observe the action of
the material, evaluating the incorporation, remodeling, and resorption of the graft. Therefore, to con�rm
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the capacity of new bone regeneration with the materials used in our study, a period longer than 8 weeks
could con�rm the study of Sohn, Heo, Kwak, Kim, Kim, Moon, Lee and Park [57].

Finally, the scarcity of studies in the literature with the same study model for the comparison of different
substitute materials, as performed by this study, is highlighted. This justi�es its importance and
highlights the need for further investigations into different bone substitutes and platelet concentrates
with more homogeneous methodologies. Furthermore, the structural and �nancial limitations in the
period and location of the same study limited the performance of more re�ned analyzes that could
provide even more understanding about the proposed investigation.

Conclusion
According to the results obtained and within the limits of this study, it was observed that Cerabone® and
Bio-Oss®, associated with i-PRF, exhibited a satisfactory applicability to �ll critical defects, favoring the
bone regeneration process.
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Figure 1

Creation of critical defects and �lling with the respective grafts: (A) Frontoparietal trichotomy; (B) Incision
with a caudal base; (C) Full-thickness �ap; (D) Creation of defects with a 6 mm trephine drill and irrigation
with saline solution; (E) Defects created; (F) Filling the bone defect with particulated autogenous bone;
(G) Aspect of the CB particles; (H) Bone defect �lled with BO; (I) Aspect of the BOPRF; (J) Repositioning of
the �ap and suture.
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Figure 2

Panoramic histological evaluation of bone repair according to the material used by each group. (1) CG
group; (2) AG group; (3) BO group; (4) CB group; (5) i-PRF group; (6) BOPRF group; (7) CBPRF group. (A) 4
weeks; (B) 8 weeks. 25x magni�cation.
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Figure 3

Average percentage of the bone neoformation area in relation to the total area of the defect according to
the group and evaluation period.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

SupTab1.docx

https://assets.researchsquare.com/files/rs-1513837/v1/ae3e930f326b50334ad4be79.docx

