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AbstrAct 

This study aimed to analyze the biocompatibility of anionic collagen matrices, the local bone response following im-
plantation in surgically-created bone defects, and also the influence of the collagen fiber orientation on the neoformed 
osseous tissue. Seventy two rats (Rattus norvegicus albinus) were used in this experiment. The animals were divided 
into four experimental groups: Group 1 (control), without implants; Group 2, pericardium medullar implants 12 hours; 
Group 3, medullar implants of tendon 24 hours, with the long axis of collagen fibers oriented parallel to the long axis of 
the tibia; and Group 4, medullar implants of tendon 24 hours, with the long axis of collagen fibers perpendicular to the 
long axis of the tibia. After the experimental surgery, the evolution of the repair process was microscopically evaluated 
at 7, 15, and 30 days post-surgery. The results demonstrated that the implanted matrices are biocompatible and act as a 
scaffold inducing bone formation, mainly in the Group 4 animals. At first, cellularity follows the arrangement of collagen 
fibers, later obtaining a multidirectional growth.
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introdUction

The destruction of bone tissue due to diseases or 
to incomplete bone healing after traumatic injuries can 
be treated by tissue engineering techniques. Growth 
factors, cytokine proteins, and gene therapies will be 
developed, which in conjunction with the appropriate 
carriers will regenerate bone defects or help in cases 
of defective healing7. 

Considering that most bone grafts are avascular 
and depend on diffusion, the size of the defect and the 
viability of the host can limit its applications. In large 
defects the grafts, may be resorbed by the body before 
complete osteogenesis9,13. For the autograft, there are 
difficulties in operational time, lack of donating re-
gions, morbidity of the donor associated to infection, 
pain and hematoma23,26.

Bone tissue engineering is based on the use of a 
three-dimensional matrix to induce bone formation 
from the neighboring tissue or to act as a model for 
the implanted bone cells or other agents10. 

Tissue engineering appeared as a promising tech-
nology to treat the loss or bad functioning of a tissue or 
organ18, since it does not have the limitations of current 
therapies. This technology is based on the observation 
that isolated cells will regroup in vitro in structures that 
are similar to the original tissue, when placed in an 
“appropriate medium”14. This “appropriate medium” 
corresponds to synthetic extracellular matrices, whose 
fundamental characteristic is a biodegradable three-
dimensional structure that serves as a scaffold, in vitro 
or in vivo, in order to develop, from isolated cells or 
stimuli intrinsic to the matrix, a new tissue for the 
restoration of the natural biological functions17,25.

Natural polymers present in the extracellular ma-
trix are also used. Extracellular matrices are complex 
structures formed by proteoglycans, collagen and 
elastin. Due to their interaction with specific receptors 
on the cellular surface, they also participate in the 
processes that regulate the cells’ phenotypic expres-
sion and, therefore, in the maintenance not only of 
the tissue’s morphology and function, but also of its 
remodeling2, with a more outstanding role on bone 
tissue. within this concept, a approximated effect is 
reached by the use of extracellular matrices formed 
by collagen and elastin, obtained from homologous 
or heterologous matrices, of which cells and other 
components responsible for non-desirable biological 
responses have been conveniently removed12,24.

The vast use of collagen3 in the field of biomate-
rials is associated to the natural properties that include 

low immunogenic response, even of heterologous 
origin, low toxicity, ability to promote cellular gro-
wth and adhesion, homeostasis, and the ability of the 
collagen solution to repair in vitro, in the interior of 
the microfibrillar structure, the same structure found 
in natural tissues1.

Chemical changes result in matrices loaded with 
collagen used as scaffold for cellular growth, such as, 
for example, the characterization of collagen acellular 
matrices, prepared from pericardium, intestinal sub-
mucosa and tendon, all of bovine origin; presenting 
various levels of deaminization through selective 
hydrolyses of the carboxyamide groups of asparagine 
(Asn) and glutamine (Gln) residues present in type I 
collagen chain-α. They allow for the development of 
polyanionic collagen-based materials, with various 
physical-chemical properties and macromolecular 
settings on the formation of fibrillae5,6,22. 

The anionic collagen obtained from the alkaline 
treatment has piezolectric properties, heterogeneous 
pores, and complete removal of intersatitial cells, and 
generates a biocompatible matrix, of which histolo-
gical results show a low inflammatory response and 
induce bone formation in a small period of time. The 
low cost of production, associated to biocompatibility 
and osteoconductivity performance, make anionic 
collagen matrices promising alternatives for bone 
defect treatment21.

Nonetheless, among the materials used for cons-
tructing the matrices, there are differences in terms of 
the disposition of collagen fibers. After the treatment 
by hydrolysis, the piezoelectric matrix, rich in colla-
gen and elastin, shows a different fiber disposition 
according to the chosen tissue. In the pericardium, 
the collagen fibers are entwined, while in the tendon, 
due to the natural characteristics, the collagen fibers 
are parallel to its long axis. It is indispensable to know 
about the orientation of collagen fibers in human 
tissues, such as bones, when studying the relation 
between physical properties and structures8,20. 

Hence, this study was performed to analyze 
the biocompatibility of anionic collagen matrices, 
the local bone response following implantation in 
surgically-created bone defects, and the orientation 
of collagen fibers in the neoformed bone tissue. The 
anionic collagen matrices produced from pericar-
dium and bovine tendon were already characterized 
by thermal analysis, infrared spectroscopy, titration 
and dielectric properties, as described in previous 
publications15,19.
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mAteriAl And method

The study of biocompatibility and bone tissue 
response was performed in surgically-created defects 
of the tibia in rats. Seventy-two male adult wistar rats 
(Rattus norvegicus albinus), weighing between 220 
and 260 g were used in this experiment. The research 
was approved by the research Ethics Committee of the 
University of Marília (Marília, São Paulo, Brazil). 

For the experimental surgery, the rats were sub-
mitted to general anesthesia by intramuscular injection 
of Cetamine Hydrochloride (75 mg/kg) associated to 
Tiazine Chloridrate (1,5 ml/Kg). The animals were 
trichotomized at the ventral region of the posterior 
limb and antiseptic cleaning done with an iodine 
solution (10%).

Next, using a surgical blade #15, a 20 mm linear 
incision was made, longitudinal to the posterior limb, 
following divulsion of the muscular tissue surrounding 
the left tibia. The incision was extended to the perios-
teum obtaining a wide working area. with a #8 steel 
round burr, mounted on a low rotation micromotor, a 
cavity of approximately 2.2mm diameter was prepa-
red, reaching the bone marrow in depth. The cavity 
was performed on the tibia’s proximal portion under 
copious irrigation with a sterile solution of Sodium 
Chloride at 0.9%.

The rats were divided into 4 experimental groups 
of 18 animals each: 

a) Group 1 : Control Group, surgical cavity with 
no implant, filled only with blood clot; b) Group 2 : 
Pericardium medullar implant 12 hours; c) Group 3 : 
Tendon medullar implant 24 hours, with the biggest 
axis of its collagen fibers directed parallel to the tibia’s 
biggest axis; d) Group 4 : Tendon medullar implant 
24 hours, with the biggest axis of its collagen fibers 
directed perpendicular to the tibia’s biggest axis.

In the experimental groups 2, 3, and 4, each animal 
received the respective implant matrix, hydrated with 
sterile saline solution at 0.9%. After placing the ma-
trices or executing the empty defect, the divulsioned 
tissues were repositioned and sutured with 4-0 silk. 
During the postoperative period, the animals were kept 
in individual cages and received water and appropriate 
rat chow ad libitum. 

Six animals of each group were sacrificed, by an 
excessive injection of the aforementioned anesthetic, 
in periods of 7, 15, and 30 days counted from the date 
of surgery. At the moment of sacrifice, the portion 
of the tibia containing the cavity was removed and 
fixed in formalin solution at 10% during 24 hours; 

they were then washed in running water for 12 hours 
and decalcified in E.D.T.A. (Ethylenediaminetetra-
acetic acid) solution at 20%, during 5 weeks. The 
decalcifying solution that contained the samples was 
changed once a week.

Next, the samples underwent routine laboratorial 
process to be embedded in paraffin. After obtaining the 
blocks, semi-serial longitudinal sections were made, 
with a thickness of 6 micrometers in one rotating 
micrometer, and the obtained samples were stained 
with hematoxylin and eosin for the histomorphological 
study in light microscopy.

resUlts

3.1 - GroUp G1 (control)

The histological study showed a fibrosis band on 
the superficial surgical area, highly present at day 7 
and day 15 and reduced at day 30. Under the fibro-
sis band, in contact with the medullar region, it was 
observed, starting on the 15th day, the presence of 
primary bone tissue, forming a rudimentary immatu-
re neocortical, which within 30 days became thicker 
and more organized, with a more mature aspect. A 
defined periosteum, covering the neocortical, was 
not observed.

In addition, the medullar region also had connective 
tissue with no bone differentiation delimiting the area 
with recent bleeding at 7 days and inexistent at days 15 
and 30. There was increased new bone formation in the 
period of 7 days, involving the area with fibrosis and 
blood, with increased intensity within 15 and 30 days. 

Presence of infiltrated mononuclear inflamma-
tory next to the new bone formation was observed, 
which increased in intensity, proportional to longer 
surgical time.

Vascular congestions, present among the imma-
ture bone trabeculae, with prevalence in the 15-day 
period. 

3.2 - GroUp G2 (pericArdiUm 12 h)

The light microscopy study of the surgical area 
showed the presence of a more superficial fibrosis 
than that observed for group G1 and apparently more 
intense than day 15. Presence of neocortical starting 
at day 15 with greater bone maturity at day 30, with 
intensity similar to that observed in group G1.

on the medullar region, next to the implanted peri-
cardium, presence of reactional fibrosis, only at day 7 
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and new bone formation surrounding the pericardium, 
in all implant periods; however, less intense than in 
group G1. The vascular congestion on the neoformed 
bone, despite being less intense than that of group G1, 
also showed a greater increase at day 15.

Accumulation of osteoblast and osteoclast cells on 
the distal extremities of the pericardium, with higher 
intensity at day 7.

The pericardial collagen fibers showed a mul-
tidirectional orientation in the medullar region and 
after 15 days there was a presence of slight new bone 
formation arently on its collagen fibers and with an 
increase of intensity at day 30. Presence of infiltrated 
mononuclear inflammatory similar to G1. 

3.3 - GroUp G3 (pArAllel tendon 24 h)

The superficial surgical area showed superficial 
fibrosis slighter than that observed in group G1; 
however, more intense than in group G2 and also 
more prominent at day 15. Presence of neocortical, 
starting at day 15, with greater bone maturity at day 
30, with intensity lower than that observed in groups 
G1 and G2.

New bone formation and vascular proliferation 
surrounding the implant similar to group G2. Accu-
mulation of osteoblast and osteoclast cells on the distal 
extremities of the tendon, of which intensity decreases 
with higher implant time.

A

FIGUrE 1 – Group G1 (Control). Hematoxylin and eosin. 7 days (A) 
40X, 15 days (B) 100X and 30 days (C) 100X. Superficial surgical area: 
(A) and (B) Superficial fibrosis on residual cortical bone in continuity 
with medullar new bone formation. (C) Cortical new bone formation and 
medullar region with haematopoietic tissue bone marrow.
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The tendon collagen fibers showed orientation 
parallel to the bone’s largest axis, only at day 7 and 
a multidirectional arrangement that increases with 
implant time.

The new bone formation on the tendon’s collagen 
fibers was found at day 7 of implantation and with 
growing intensity, proportional to implant time. Pre-
sence of infiltrated mononuclear inflammatory with 
intensity similar to groups G1 and G2. 

3.4 - GroUp G4 (perpendicUlAr tendon 24 h)
The microscopy study of the superficial surgical 

area showed presence of superficial fibrosis subtler 
than that observed in groups G1 and G3; however, 
similar to group G2, and also more prominent at day 
15. Presence of neocortical starting at day 15 and 
with a greater bone maturity at day 30, with intensity 
similar to that observed in groups G1 and G2.C

New bone formation greater than group G3 at 
day 7 and in an amount that grows with implant time. 
Moderate vascular proliferation, with no change of 
intensity with implant time.

Osteoblasts and osteoclasts in amounts similar to 
group G3 and located prevalently on the distal extre-
mities of the tendon.

The implanted tendon showed multidirectional 
orientation of its fibers, starting at day 7 of implanta-
tion, and the perpendicular arrangement of the fibers 
in relation to the bone’s greatest axis was less observed 
than for the surgical procedure. 

New bone formation on the tendon collagen fibers 
starting at day 15 and more prominent at day 30 than 
in group G3.

The infiltrated mononuclear inflammatory and the 
interstitial fibrosis were present in the 3 implant perio-
ds, with intensity similar to the previous groups. 

 

BA

FIGUrE 2 – Group G2 (Pericardium 12 h). Hematoxylin and eosin. 7 
days (A) 100X, 15 days (B) 100X and 30 days (C) 40X. (A) Medullar 
region: haematopoietic bone marrow and pericardium.(B) and (C) Formed 
Neocortical and medullar region containing pericardium, with new bone 
formation in its interior, on its collagen fibers.
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FIGUrE 3 – Group G3 (Parallel tendon 24 h). Hematoxylin and eosin. 7 days 
(A) 40X, 15 days (B) 400X and 30 days (C) 100X.
(A) and (C) Medullar region: noeformed bone on the implanted tendon. 
(B) Transition between osteoblast cells and tendon. Presence of blood vessels 
penetrating between the tendon’s collagen fibers. 

FIGUrE 4 – Group G4 (Perpendicular tendon 24 h). Hematoxylin and eosin. 7 
days (A) 100X, 15 days (B) 100X and 30 days (C) 100X.
(A) and (B) Medullar region: Transition between osteoblast cells and tendon. 
Presence of blood vessels penetrating between the tendon’s collagen fibers. 
(C) New bone formation on the tendon collagen fibers.
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discUssion

This study’s results show that there was new bone 
formation in the interior of the anionic collagen three-
dimensional matrices, obtained through hydrolysis 
of fresh bovine pericardium and tendon. Hence, it 
is verified that this biomaterial presents properties 
that are in agreement with the principle that artificial 
matrices, of synthetic nature or derived from natural 
materials, independent of its origin, have the ability 
of sustaining cellular growth17,25.

The hydrolysis process provided the complete re-
moval of cells from the matrices. The presence of cells 
is one of the main causes of failure in its application, 
causing dystrophic calcification, intense inflamma-
tory response, and foreign body reaction. The results 
demonstrated the lack of dystrophic calcification and 
foreign body reaction, besides a low initial inflamma-
tory response, confirming that there was removal of 
cells through hydrolysis21.

Hydrolysis provides the opening of spaces, crea-
tion of channels and pores, which transform the dense 
structure of the bovine collagen matrix into a sponge-
like structure, favoring cellular migration, observed in 
this study, which is in agreement with other researches 
that used this treatment5,6,21,25. 

The matrices used in this study, independent of the 
size of pores, presented a continuous and interconnec-
ted pore network, which allowed cellular migration 
of erythrocytes and osteoblasts to the interior of the 
implant; as previously observed by rocha, et al.21. Sin-
ce bone grafts are avascular and depend on diffusion, 
cellular repopulation, observed with 7 days of implan-
tation, could impede, in large defects, the graft from 
being resorbed before complete osteogenesis9,13. one 
of the graft’s main characteristics is that its degradation 
speed must be compatible with the growth speed of 
the tissue for which it serves as scaffold7,10,11,16.

The inflammatory response observed in Group 
1, in which the surgical cavity was filled only with a 
blood clot, was similar to Groups 2, 3, and 4, which 
received anionic collagen implants. All biomaterials 
trigger an inflammatory response in the host. This 
response usually extends for a period of time longer 
than that observed for the repair of a cavity filled only 
with a blood clot, which in this study provided the 
determination of the role of collagen matrices in the 
inflammatory phase of the healing process4,21.

rapid osteogenesis, with the integration of the graft 
to the host, in a short period of time, constitutes a clear 
advantage of anionic collagen in relation to other bioma-
terials, in accordance to rocha, et al.21 and rosa, et al.22.

Another favorable factor of the anionic collagen, 
as reported by the aforementioned authors, was that 
at 30 days, in spite of a moderate degeneration of the 
collagen fibers of the implant material, no evidence 
of resorption was found, which suggests the incor-
poration of the material by the neighboring tissues, 
and an eventual resorption must be associated to the 
remodeling during bone healing.

The new electrical charge of collagen could affect 
the behavior of cells and the distribution of extracellu-
lar tissue components. Firstly, the charges modified 
the collagen fibrils assembly, thus changing the way 
binding sites are exposed to tissue environment. osteo-
blasts are known to attach directly to collagen through 
integrin-rGD (–arg–gly–asp–) site interaction. It is 
possible that the three-dimensional rearrangement of 
collagen could have affected the distribution of rGD 
sites in the new macro-molecular configuration of the 
matrices. Secondly, the osteoblasts are probably attrac-
ted by the density of negative charges and inclusion 
of growth factors3,21.

In this study, the osteoblasts migrated to the in-
terior of the graft, initially obeying the arrangement 
of the collagen fibers, which showed to be assembled 
to the bovine pericardium matrix and with a parallel 
disposition on the tendon. with the growth of bone 
formation in the interior of the matrix, the arrangement 
becomes multidirectional in both materials. In group 
4, in which the graft was positioned perpendicularly 
to the long axis of the rat’s tibia, at day 7, a change 
in the direction of the material was observed, with 
a beginning of new bone formation. osaki, et al.20 
demonstrates a two-dimensional direction of orienta-
tion of collagen fibers in the human calcaneous and 
suggests that the direction and degree of orientation 
are intimately related to the direction and magnitude 
of the stress employed on the bone, respectively. 

The study performed by Bromage, et al.8 used 
human and non-human bones. Differences could be 
observed in terms of the position of the animal in re-
lation to the ground. In animals that position similar to 
rats, there is a prevalence of deposition of collagen in 
a longitudinal orientation, in primary tissues deposited 
during growth as well as in secondary and remode-
led bones. The longitudinal orientation of collagen 
is probably an adaptation to tension and employed 
strength. The human femur demonstrated a preference 
for transversal orientation of collagen fibers in areas 
corresponding to high compression and longitudinal in 
areas of high tension. Many factors may influence the 
orientation of collagen fibers, such as race, sex, age, 
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growth trajectory, metabolic and nutritional status, 
status of health or disease, positioning, etc.

The clinical limitation is its use in large orthopedic 
defects, because the pericardium is originally of small 
thickness. In this case, the tendon in indicated, for it 
has a great pattern of length and thickness, and can be 
obtained in different forms and from various origins. 
The tendon, used in groups 3 and 4, showed faster and 
more intense new formation in group 4. According to 
what was observed on the laminae, this is probably 
due to the form of insertion in the surgically-created 
defect. when placed perpendicularly to the long axis 
of the tibia, the tendon’s free extremities are open to 
the periosteum and for the medullar, sources of indi-
fferenced cellular elements, which, if stimulated, are 
differenced in osteoblasts and promote new formation. 
This form of insertion facilitates the access of cells, 
including the neovascular, to the interior of the graft. 
Therefore, this study’s matrices showed a high po-

tential for clinical use, as they are biocompatible and 
promote bone formation and the possibility of use in 
both small and large orthopedic defects.

conclUsion

within the conditions established in this study, it 
is concluded that:

a) The implanted matrices are biocompatible.
b) The implants function as a three-dimensional 

matrix that induces bone formation
c) The tendon implanted with fibers perpendicular to 

the larger axis of the bone has a higher potential 
of inducing new bone formation.

d) Initially, cellularity accompanies the arrangement 
of collagen fibers, obtaining a progressive multi-
directional arrangement.
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