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Analysis of the repair of bone defects 
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Objective: The present study aims to develop a histolo-
gical descriptive analysis on the repair of bone defects 
filled with β-TCP, associated to pure titanium implants 
into cavities prepared in the calvarial bone of rats. Ma-
terials and method: Eighteen male adult rats were ran-
domly selected and divided into three groups of six rats 
each, according to their period of death: 15, 30, and 
60 days. Four bone defects were made into each one 
of the calvarial bones of rats and filled with: (a) β-TCP, 
(b) clot, (c) β-TCP + pure titanium screw, and (d) pure 
titanium screw. The samples were cut and histologically 
assessed. Presence and volume of loose connective tis-
sue and newly formed bone tissue were analyzed, as 
well as the presence or absence of remaining material 
(β-TCP) into the defect. Results: It was verified an acce-
leration bone neoformation process in the presence of 
β-TCP. Conclusion: The results suggest the biocompa-
tibility and osteoconductivity of the biomaterial, even 
when associated to pure titanium implants.

Keywords: Biomaterials. Calcium Phosphate. Bone 
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Introduction

The repair of bone tissues damaged by traumas 
or pathologies, and the reconstruction of the alveo-
lar ridge are fundamentally important in Dentistry. 
Although considered the golden rule for grafting, 
autografts require a donor site, and some complica-
tions associated to it have been reported1,2.

The defect filling is facilitated by osteconduc-
tion, which is characterized by the production of a 
new bone through proliferation and migration of 
osteocompetent cells along the conductor. Calcium 
phosphate ceramics bond the properties of oste-
oconduction, biocompatibility, and bioactivity, in 
addition to its manipulation facilities during surgi-
cal procedure. Nevertheless, they have low levels of 
resistance to impact and tensile force3,4.

By definition, only bioactive materials establish 
chemical bonds with the bone. β-TCP granule is an 
inorganic composite that presents significant osteo-
genic activity in the presence of mature cells5.
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Titanium is known as a biocompatible material 
and it is successfully used in dentistry and ortho-
pedics. Nonetheless, bone conduction around the 
titanium is inferior to that around bioactive cera-
mics such as calcium phosphate6. The use of bioma-
terials, as the β-TCP, associated to commercially 
pure titanium implants, aims to adapt mechanical 
properties of metals to the bone healing properties 
of biomaterials6.

In the present study we performed a histological 
descriptive analysis of bone repair in defects filled 
with β-Tricalcium Phosphate, associated to pure 
titanium implants, regarding the osteoconductive 
properties of the β-TCP, and verifying if those pro-
perties are maintained when the biomaterial is as-
sociated to the titanium.

Materials and method

This study was developed according to the Ethi-
cal Principles for Experiments on Animals (proto-
col CEUA 08/00065). A total of 18 male adult rats, 
from the Rattus Norvegicus species, Wistar lineage, 
with average weight from 280 to 320g, were used 
in this experiment. The animals were randomly di-
vided into three groups of six rats each according 
to the period of death (15, 30, and 60 days). Four 
defects were made in the calvarial bone of the ani-
mals, each one of the defects representing a group: 
A) β- TCP group; B) Clot group (control ); C) β- TCP 
+ screw group; D) Screw group.

General anesthesia was induced by intraperito-
neal injection of 50 mg/kg (0,05ml/100g) veterinary 
ketamine chlorhydrate (Dopalen™ VetBrands Di-
visão Veterinária Ltda, Jacarei, São Paulo Brazil), 
and 5mg/kg (0,025 ml/100g) xylazine chlorhydrate 
(Anasedan™ CEVA Santé Animale, Paulínia, São 
Paulo Brazil). After the vertex, the skull was sha-
ved and disinfected, a full-thickness flap was raised 
to expose the skull bone. Using a spherical carbide 
drill (1.5 mm) in low rotation, under irrigation of 
0.9% saline solution, two cavities were prepared in 
the superior portion of the parietal bone, with a 5 
mm distance between them. Granular β-tricalcium 
phosphate (β- TCP) was placed in the left cavity and 
mixed with the present blood, while the right ca-
vity (control) was filled only by the clot. Two more 
cavities were prepared in the most inferior portion 
of the parietal bone, with a 5 mm distance between 
them, with a perforation drill of 1.5 mm (Promm™, 
Porto Alegre, RS, Brazil) in low rotation. A liner 
was made with β- TCP in the left cavity, and a com-
mercially pure titanium screw compatible with the 
perforation drill was introduced. Finally, only one 
titanium screw was placed in the right cavity. The 
flap was stitched with a 4.0 nylon monofilament 
suture. Over the first post-operative period of 24 

hours, 125mg of acetaminophen was dissolved in 
the water given to the rats.

After the predicted healing period of 15, 30, 
and 60 days, the death of the animals proceeded by 
isoflurane inhalation. The soft tissue of the experi-
mental area was removed and biopsy specimens of 
the parietal bone, made by the four bone defects, 
were taken en bloc and fixed in 10% formalin.

The pieces were decalcified, dehydrated, and ti-
tanium screws were removed. A total of 4 sections/
specimen were prepared. The first section was lon-
gitudinally cut from the center of the defect, groun-
ded to a thickness of 5μm, so that each one of the 
segments contained two defects (with or without 
screw). Histological descriptive analysis of the he-
aling of bone defects was performed by the follo-
wing parameters: 1) the presence and volume of 
connective tissue and newly formed bone tissue; 2) 
the presence and absence of remaining biomaterial 
(β-TCP) into the defect.

Results

An experienced pathologist previously qualified 
an observer to make the histological analysis.

Histological Analysis

Clot group:

15 days: Connective tissue almost filling the entire defect, and 
a small quantity of newly formed bone tissue was observed on 
the surface of the host bone.

30 days: Gradual replacement of connective tissue by the 
newly formed bone tissue was verified. Osteogenesis area was 
larger when compared to that of 15 days (Fig. 1).

60 days: Newly formed bone tissue progressed towards the 
center of the defect. The thickness of the newly formed bone 
tissue was larger when compared to that of 30 days (Fig. 2).

Figure 1 -	 Clot group (control), 30 days: DE – defect edge; CT – con-
nective tissue. NFB – newly formed bone tissue. Histologi-
cal cuts stained with HE, observed by a microscope (40x 
magnification).
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Figure 2 - Clot group (control), 60 days: DE – defect edge; CT – con-
nective tissue. NFB - newly formed bone tissue. Histologi-
cal cuts stained with HE, observed by a microscope (40x 
magnification).

β-TCP Group:

15 days: Remaining biomaterial surrounded by connective tis-
sue was observed, as well as intense osteoblastic activity on the 
defect ridges with centripetal immature bone formation.

30 days: Remaining biomaterial was surrounded by newly for-
med bone tissue. Immature bone along the defect ridges was 
thicker when compared to that of 15 days (Fig. 3).

60 days: Important centripetal progression of the newly formed 
bone tissue was verified, also intense osteoblastic activity in the 
defect central area with the remaining material surrounded by 
newly formed bone tissue, which almost fills the entire exten-
sion of the defect (Fig. 4).

Figure 3 - β-TCP group, 30 days: DE – defect edge; CT – connective 
tissue RM – Remaining Material. NFB - newly formed bone 
tissue. Histological cuts stained with HE, observed by a 
microscope (40x magnification).

Figure 4 - β-TCP group, 60 days: CT – connective tissue. RM – remai-
ning material. NFB - newly formed bone tissue. Histologi-
cal cuts stained with HE, observed by a microscope (40x 
magnification).

Titanium Screw Group:

15 days: Connective tissue around the cavity previously occu-
pied by the titanium screw was observed.

30 days: Area corresponding to the screw flange in the left ex-
tremity, with lines of immature bone formation in centripetal di-
rection. The thickness of the connective tissue was lower when 
compared to that of 15 days (Fig. 5).

60 days: Immature bone formation was located in both defect 
extremities. Foreign body integrated to the bone tissue was pre-
sent (Fig. 6).

Figure 5 - Screw group (control), 30 days. DE – defect edge; CT – 
connective tissue. NFB – newly formed bone tissue. His-
tological cuts stained with HE, observed by a microscope 
(40x magnification).

Figure 6 - Screw group (control), 60 days. CT – connective tissue. 
NFB - newly formed bone tissue. FB – foreign body. His-
tological cuts stained with HE, observed by a microscope 
(40x magnification).
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Titanium Screw + β- TCP Group:

15 days: Area of newly formed bone tissue in both defect extre-
mities along the remaining material.

30 days: Newly formed bone tissue growth towards the defect 
center (Fig. 7).

60 days: Important osteoblastic activity associated with newly 
formed bone tissue. The width of the cavity, previously occu-
pied by the titanium screw, was decreased (Fig. 8).

Figure 7 - β-TCP + Screw group, 30 days. CT – connective tissue. 
NFB - newly formed bone tissue. Histological cuts stained 
with HE, observed by a microscope (40x magnification).

Figure 8 -	 β-TCP + Screw group, 60 days. DE – defect edge. CT – 
connective tissue. NFB- newly formed bone tissue. His-
tological cuts stained with HE, observed by a microscope 
(40x magnification).

Discussion

Bone graft materials are categorized in four 
groups: autografts, allografts, xenografts, and allo-
plastic7,8, having their use justified by the feature 
of serving as supports for bone regeneration. The 
disadvantages or limitations of autografts, like the 
need of a donor site, justify the search for alternati-
ve materials. Alloplastic or synthetic grafts, as cal-
cium phosphate ceramics, have been presented as a 
viable possibility.

The present study verified that, at 15 days, the 
connective tissue involved the remaining β-TCP 
particles. This connective tissue was gradually 

substituted by immature bone. At this time, newly 
formed bone tissue was observed along the surface 
of the host bone, which became more pronounced 
at 30 days. Nevertheless, at 60 days, an invasion 
of the newly formed bone tissue towards the cen-
ter of the defect was seen, both in β-TCP group and 
β-TCP + titanium screw group. Those observations 
suggest the biocompatibility and osteoconductivity 
of biomaterial, approving the findings of Yamada 
et al.1 (2006), Merten et al.9 (2001), and Grandi10 

(2007) who assessed two types of bioceramics – α 
tricalcium phosphate (α- TCP), and βtricalcium 
phosphate (β-TCP) – in bone defects prepared in 
the calvarial bone of rats. It was observed that 
β-TCP granules remained in the cavity for a longer 
period of time, which provided the volume mainte-
nance of the material, thus filling the defect. The 
authors understood that both bone substitutes have 
the required characteristics for clinic use. The pre-
sent study verified the maintenance of β-TCP at 60 
days, promoting centripetally oriented bone regene-
ration. Calcium phosphate was chosen for the beta 
phase, since it is considered the most stable phase 
of the material1,10,11.

Yuan et al.10 (2002) performed a study in dogs 
to assess bone induction by calcium phosphate ce-
ramics. After 2.5 years of follow-up, it was observed 
that the newly formed bone tissue confined inside the 
pores of implants remained stable. The results sug-
gest not only the efficacy and safety of osteoinductive 
calcium phosphate biomaterials for clinical use, but 
also the possibility for further optimizing and impro-
ving osteoinductive calcium phosphate biomaterials. 
The bioinert nature of titanium and its alloys must 
be changed to bioconductivity if a strong bonding in-
terface between implant and host bone is desired12.

Because they are bioinert, bone integration of 
such implants does not occur in ideal conditions13. The 
present study observed an association of mechanical 
properties of titanium of β-TCP bone healing charac-
teristics, which allowed fast bone formation around 
the implant. It was verified that the immature bone 
formation was increased in the experimental groups 
when compared to the control group. This agrees with 
Shiratori et al.5 (2005), who performed a study in fe-
murs of rats to assess bone formation in defects filled 
with β-TCP through a histomorphometric analysis 
and assessment of the related mRNA bone protein 
expression. It was observed that the amount of newly 
formed bone tissue in the entire defect extension was 
significantly increased in the group where β-TCP 
was engrafted than in the control group (in which 
bone defects were not filled with β-TCP). According 
to the authors, the results showed that β-TCP is an 
appropriate material for osteoconduction, providing 
bone formation. Nakadate et al.14 (2006) assessed 
the characteristics of the newly formed bone tissue 
around dental implants, concomitantly inserted with 
tricalcium phosphate grafts. The osteogenesis was 
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examined in two clinical relevant sites: the surface 
of biomaterial and the interface between biomaterial 
and implant. Reactive osteoclasts invading the area 
with biomaterial were observed and, shortly after, os-
teoblasts setting bone matrix into the region that was 
reabsorbed. Direct contact between bone tissue and 
the implant surface was observed by electronic mi-
croscopy. The results of our study suggest that there 
was direct contact between β-TCP and the titanium 
surface, providing faster bone formation in the areas 
where biomaterial was used.

Conclusion

Data from this work indicate that β-TCP may be 
useful in non-critical bone defects, promoting fast 
replacement by newly formed bone tissue, preven-
ting soft tissue growth in the defect, and maintai-
ning osteoconduction properties even when associa-
ted to commercially pure titanium.
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Resumo
Objetivo: O presente trabalho tem como objetivo fazer 
uma análise histológica descritiva do reparo de defeitos 
ósseos preenchidos com β-TCP associado a implantes 
de titânio puro, em cavidades confeccionadas em calo-
tas cranianas de ratos. Materiais e método: Foram sele-
cionados randomicamente 18 ratos, machos adultos e 
a seguir divididos em três grupos de seis ratos cada, de 
acordo com o período de morte: 15, 30 e 60 dias. Na 
calota craniana de cada rato foram confeccionados qua-
tro defeitos ósseos preenchidos com: (a) β-TCP, (b) coá-
gulo, (c) β-TCP + parafuso de titânio puro e (d) parafuso 
de titânio puro. As amostras foram cortadas e avaliadas 
histologicamente. Foi analisada a presença e volume de 
tecido conjuntivo frouxo e de tecido ósseo imaturo, bem 
como a presença ou ausência de material remanescente 
(β-TCP) no defeito. Resultados: Verificou-se a acelera-
ção do processo de neoformação óssea na presença do 
β- TCP. Conclusão: Os resultados sugerem a biocompa-
tibilidade e osteocondutividade do biomaterial, mesmo 
quando associado a implantes de titânio puro.

Palavras-chave: Biomateriais. Fosfatos de cálcio. Sub-
stitutos ósseos.
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