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Abstract
Objectives: The aim of the present study was to evaluate bone repair in defects induced in the cranium of Wistar 
rats using β-tricalcium phosphate. Study Design: In this research, we used 30 rats, randomly distributed in three 
groups of 10 animals (G1, G2 and G3), corresponding respectively to time of histological evaluation (7, 15 and 
30 days). This was a paired study, a defect being induced in the parietal bone on either side of the median sagit-
tal suture of the animals, being the left-hand side the experimental subgroup (filled by biomaterial) and the right 
control. The histological evaluation was performed by means of light microscopy. The collected data were submit-
ted to the Fisher Exact test for comparison between the groups and to the McNemar test for comparison between 
the subgroups (P > 5%). Results: The results showed no statistically significant differences between the groups 
and bone regeneration was similar at the different times of evaluation. Conclusions: Therefore, we concluded that 
β-tricalcium phosphate has not contributed significantly to repair process of defects induced in the cranium of 
Wistar rats.
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Introduction
Of the various processes of tissue repair, bone repair is 
seen to be one of the most complex, being the subject 
of several research studies in the area of oral and max-
illofacial surgery. Bone repair is a normal physiologi-
cal process that permits the local growth of tissue with 
characteristics identical to those of the region’s primary 
tissue (1). In the face of a major bone defect, the or-

ganism becomes unable to regenerate bone and, unless 
other methods contribute their bone-repairing capacity, 
will produce scarring by fibrous tissue (2,3).
A study on bone transplants concluded that autogenous 
bone is the best material for grafting (4-6). It is known, 
however, that this type of graft has a number of dis-
advantages, such as the use of a distant surgical donor 
area, postoperative discomfort, scars, longer duration 
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of surgery and the risk of infection (7-10). Attempts 
have therefore been made to create or extract from na-
ture materials that may serve as a substitute for bone or 
which, in association with autogenous bone, achieve the 
best possible repair and new bone formation.
β-tricalcium phosphate is a pure tricalcium phosphate 
in the beta phase, obtained by manipulating tricalcium 
phosphate at low temperature, thereby providing the 
product with greater stability when present in an aque-
ous medium. This material possesses the properties of 
radioopacity, osteoconduction and progressive absorp-
tion as the process of new bone formation proceeds 
(11,12).
The present study sets out, by means of a histologi-
cal assessment, to analyze the repair of bone defects 
in the cranium of Wistar rats at 7, 15 and 30 days, us-
ing β-tricalcium phosphate (Cerasorb® - Curasan AG, 
Kleinosheim, Germany) as filling material.

Materials and Methods
Thirty male Wistar rats with a mean age of 6 months 
and weights ranging from 423 to 510 g were used. 
Solid pellets (Labina® - Purina Nutriments) and water 
ad libitum were used as food. The rats were randomly 
allocated to three groups (G1, G2, G3) of 10 animals 
each. This was a paired study, the left-hand side be-
ing experimental (Subgroup A) and the right-hand side 
control (Subgroup B).  The animals were anesthetized 
with ketamine hydrochloride (Francotar® - Vibarc) and 
xilazine hydrochloride (Xilazil® - Vibarc) diluted 1:1 
with 0.2 ml being applied for each 100 mg of weight. 
The experimental defect (5mm in diameter) was filled 
with granulated β-tricalcium phosphate in the specifi-
cation 500 -1000 µm and the control side with blood 
from the bone diploe. The animals in Groups G1, G2 
and G3 were postoperatively sacrificed at 7, 15 and 30 
days, respectively. The surgical specimens were ob-
tained by partial resection of the cranium, being fixed in 
10% formol, and the specimens were sectioned in semi-
serials cross-sections 5 µm thick and hematoxylin/eosin 
stained. The histological analysis was carried out in the 
Pathology Laboratory of the Pernambuco School of 
Dentistry (FOP); the histological parameters comprised 
the presence, quantity and type of inflammatory infil-
trate, reaction to a foreign body, fibrous connective tis-
sue, osteoblastic activity, formation of osteoid and new 
bone formation. Fisher’s exact test for comparisons be-
tween the groups and McNemar’s test for comparisons 
between the subgroups were used, with the level of sig-
nificance set at 5%.

Results
Vascular enlargement and areas of bleeding could be 
seen in the 10 animals evaluated in the experimental 
group at 7 days (Fig. 1). An inflammatory reaction was 

noted in only two animals. A reaction to a foreign body 
was present in one animal with fibrous connective tis-
sue. Eight of the nine cases examined presented oste-
oblastic activity on the rim of the bone defect. In two 
animals a deposition of osteoid was observed on the rim 
of the implanted material and in one the deposition of 
osteoid occurred between the granules of the implanted 
material and close to the preexisting bone. The results 
of the control group at the same time of follow-up pre-
sented an inflammatory reaction in one animal, with no 
evidence of a reaction to a foreign body or deposition 
of osteoid, and new bone formation in two animals, the 
other results being similar to those of the experimental 
group (Table 1).
At 15 days neither an inflammatory infiltrate nor any 
reaction of the type produced by a foreign body were 
observed. Both fibrous connective tissue and osteoblas-
tic activity were present in all cases. It was also found 
that among the granules of the implanted material there 
was connective tissue with a reticular appearance. We 
observed that there was new bone formation in all ten 
animals both at the rim of the defect and around the ma-
terial (Fig. 2). In addition, there was a marked centrip-
etal new bone formation in two animals in the experi-
mental group, a result that occurred in only one animal 
in the control group. The other results in the latter were 
similar to those of the experimental group.
At 30 days an increase in the cellularity of the fibrous 
connective tissue and the onset of degradation of the 
implanted material with no reaction to a foreign body 
were observed (Fig. 3). The results for the control group 
were similar to those seen at 15 days.

Fig. 1. Histological appearance of the bone wall(*) of the implanted 
material (>) and congested blood vessels. Group 1A (H.E.).
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Histological Parameters Subgroup A Subgroup B 

Inflamatory Infiltrated 22.2% 11.1%

Reaction to a Foreing Body 11.1% 0%

Fibrous Conective Tissue 100% 100%

Osteoblastic Activity 88.9% 100%

Osteoid Formation 33.3% 0%

Bone Formation 0% 22.2%

Table 1. Evaluation at 7 days in Group 1.

Fig. 2. Detail of the area of growth of new bone. Group 2A (H.E.).

Fig. 3. In the region of the asterisk (*) loss of the reticular appearance 
of the conjunctive tissue can be seen, involving the implanted mate-
rial, which is suggestive of its degradation. Group 3A (H.E. - 40X).

Discussion
In our study the inflammatory reactions observed were 
seen in only two rats in Group 1, Subgroup A, as ex-
pected, since this corresponds to the postoperative ex-
periment at 7 days, in which the inflammatory reactions 
to the implanted material may, at the outset, inhibit the 
response to the initial repair by prolonging its inflam-
matory phase. An inflammatory reaction was also ob-
served in one animal in Subgroup B (control), thus dem-
onstrating that the inflammatory process is not solely 
the result of the material used, but rather is inherent in 
the very process of tissue repair, although this inflam-
mation was milder in Subgroup B than in Subgroup 
A. These results are in agreement with the findings of 
Rueger et al. (13), in which the inflammatory response 
in the bone tissue of the animals studied was considered 
slight. In Groups 2 and 3 no inflammatory reaction was 
found, in agreement with the studies of Kamakura et 
al. (14), who observed the decline in the inflammatory 
response over time.
Reaction to a foreign body was seen in only one case, 
in Group 1, Subgroup A, thereby suggesting an isolated 
individual response. This type of reaction, however, 
was found by Rueger et al. (13) after the implantation of 
tricalcium phosphate in soft tissue, in which an intense 
reaction to a foreign body was observed. The orthotopic 
implantation in the experimental study in rats, however, 
presented a significantly weaker cell reaction, so this 
type of reaction does not appear to be a rare response, 
but tends to diminish over time in bone tissue.
In the three groups we assessed, the animals presented 
fibrous connective tissue. In Group 3, however, there 
was a considerable increase in cellularity, compared 
with Group 1, which may be due to a greater prolifera-
tion and a possible transformation of the undifferenti-
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ated cells into osteogenic cells, evidenced by the change 
in the cell morphology from spindle-shaped to round-
ed, no fibrosis being found around the granules of the 
implanted material. These findings match those of the 
studies of Kamakura et al. (14) and Neo et al. (15).
Osteoblastic activity was found in all the animals of 
Groups 1, 2 and 3, except in one animal in Subgroup A 
(experimental) of Group 1. As this was a paired study 
and the existence of osteoblastic activity was observed 
in Subgroup B (control), this feature is suggestive of a 
hypothesis of inhibition of osteoblastic activity by di-
rect action of the implanted material. 
It was possible to see the deposition of osteoid in three 
cases in Group 1, Subgroup A, but not in Subgroup B at 
the same time of follow-up, which allowed us to hypoth-
esize the stimulation of the initial repair process mediat-
ed by the material, but the possibility that the semiserial 
cuts may not have revealed areas of osteiod deposition 
in Subgroup B of this group cannot be ruled out. 
New bone formation could be seen in all the animals in 
Groups 2 and 3 in various forms, which suggests that in 
Group 3 (30 days) this new bone formation was more 
apparent than in Group 2 (15 days). In the evaluation of 
Group 1 (7 days) new bone formation was observed in 
only two cases in Subgroup B, which may suggest an 
individual response on the part of the animals.
A marked new bone formation was observed in two 
cases in Group 2, Subgroup A, but was apparent in only 
one animal in Subgroup B of this group; it thus appears 
that, in the second week of observation, Group 2, Sub-
group A (experimental) presented a slight superiority 
in relation to the control group, probably as a result of 
stimulation of the implanted material.
In Group 3 the new bone formation was homogenous in 
Subgroups A and B, differing only in the new bone for-
mation on the rim of the implanted material, in agree-
ment with the study of Rueger et al. (13), who also found 
bone formation around tricalcium phosphate granules 
and who, after histomorphometric evaluation at 7, 21 
and 40 days, demonstrated that the bone volume of nei-
ther the control nor the experimental groups presented 
any statistically significant differences. 
Since the total filling of the defect by bone tissue did 
not occur in Group 3 (30 days), the critical limit was 
regarded as effective for this period. Nonetheless the 
experiment needs to be continued for longer periods in 
order that this observation may be further corroborated, 
for the tissue present in the area of the defect was shown 
to be amenable to bone repair without any cicatricial 
fibrosis being found in the central portion of the defect 
at the end of the period analyzed, as was seen by Bosh et 
al. (16), after evaluation of defects 5mm in diameter in 
the cranium of Wistar rats at 6 and 12 months.
Although the present study did not set out to study the 
behavior of new bone formation after 30 days, it was 

observed, when the results were analyzed, that there is a 
need to undertake prospective studies, as well as evalu-
ate the behavior of the material in relation to its perma-
nence and resorption within the bone tissue.

Conclusion
On the basis of the results, it was possible to conclude 
that the restoration of bone defects in the cranium of 
Wistar rats at 7 days (Group 1), 15 days (Group 2) and 
30 days (Group 3) in both Subgroup A (experimental) 
and Subgroup B (control) was similar and that no induc-
tion of bone formation by β-tricalcium phosphate was 
observed during this period.
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