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Cyclosporine-a and bone density around titanium
implants: a histometric study in rabbits
ABSTRACT
Aim Cyclosporine A (CsA) is an immunosuppressive agent commonly used to prevent organ transplantation rejection. It has been
demonstrated that CsA may negatively affect osseointegration
around dental implants. Therefore, the aim of this study was to evaluate the effect of CsA administration on bone density around titanium dental implants.
Materials and Methods Fourteen New Zealand rabbits were randomly divided into 2 groups with seven animals each. The test group
(CsA) received daily subcutaneous injection of CsA (10mg/kg body
weight) and the control group (CTL) received saline solution by the
same route of administration. Three days after the beginning of
immunosuppressive therapy, one machined dental implant (7.00 mm
in lenght and 3.75 mm in diameter) was inserted bilaterally at the
region of the tibial methaphysis. After 4 and 8 weeks the animals were
sacrificed and the histometrical procedures were performed to analyse the bone density around the first four threads of the coronal part of
the implant.
Results A significant increase in the bone density was observed from
the 4- to the 8 week-period in the control group (37.41% + 14.85
versus 58.23% + 16.38 – p < 0.01). In contrast, bone density consistently decreased in the test group overtime (46.31% + 17.38 versus 16.28 + 5.08 – p <0.05). In the 8-week period, there was a
significant difference in bone density between the control and the
test groups (58.23 + 16.38 eand16.28 + 5.08 – p= 0.001).
Conclusion Within the limits of this study, long-term CsA administration may reduce bone density around titanium dental implants
during the osseointegration process.
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INTRODUCTION
The principle of osseointegration is based on intimate
bone-implant contact and the bone volume and
quality are fundamental factors to achieve
osseointegration during the healing and maintained
along the years under load conditions (1).
Systemic diseases such as diabetes mellitus (2,3) and
osteoporosis (4, 5, 6), radiotherapy (6), smoking habits
(7) and some drugs therapy (8, 9) can induce
alterations on bone metabolism leading to a poor
bone quality and impairing the healing of bone tissue.
Cyclosporine A (CsA) is an immunosuppressive agent
commonly used to prevent organ transplantation
rejection and treat other immunologic diseases (10).
CsA acts on immune system inducing T-helper
lymphocytes suppression. This mechanism may affect
bone tissue, since immune system, particularly Tlymphocytes, play a critical role on bone remodeling
(11-14). Some animal studies have demonstrated that
this drug leads to a high bone turnover, resulting in
unbalance of resorption and formation, leading to
osteopenia (11-13). Studies in transplanted patients
receiving CsA therapy showed high incidence of
osteoporosis confirming this deleterious effect on
bone metabolism in human (15-17).
The influence of CsA in osseointegration has been
studied by Duarte et al. (2001) (8) and Sakakura et al.
(2003) (9) and it has been shown that CsA may
negatively affect osseointegration, reducing the
bone-to-implant contact and bone formation around
dental implants. On the other hand, there are no
studies reporting the influence of CsA on the
preexisting bone density, which may be considered an
important indicator of the quality of bone tissue
formed around dental implants. Therefore, the aim of
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this study was to evaluate the influence of CsA
administration on bone density around titanium
dental implants.

MATERIALS AND METHODS
Animals
Fourteen New Zealand white rabbits, 9 to 12 months
old (3500-4500 g), were used in the study. The
animals were housed in individual cages, fed by a
standard laboratory diet and given tap water ad
libitum. The experiment was approved by the
Institutional Experimentation Committee of the
Araraquara Dental School, São Paulo, Brazil.

Experimental protocol
After a 2-week acclimatization period, the animals
were randomly divided into two groups, test (CsA)
and control (CTL) groups, with seven animals each.
CsA was daily administered by a subcutaneous (10
mg/kg bodyweight), whereas the same route was
used to administer saline solution (NaCl 0.9%) to the
CTL group. The administration of the drugs began
three days before the implants placement and lasted
for 4 and 8 weeks postoperatively.

Fig. 1 Machined surface titanium implant placed in each tibial
metaphysis. A. Receptor site; B. Preparation of receptor site; C. Implant
placement.
Fig. 2
Schematic
illustration
demonstrati
ng the
region of
bone density
analysis.

Implant surgery
The animals were anesthetized by intramuscular
injections of a combination of ketamine (Francotar®;
Virbac do Brasil Ltda, Brazil) (0.35 mg/kg bodyweight)
and xylazine (Rumpum® Bayer S.A. São Paulo, Brazil)
(0.5mg/kg bodyweight). The region of the tibial
metaphysis was cleansed with iodine surgical soap.
Incisions of approximately 3 cm in length were
performed bilaterally at the internal side of the hindleg, just below the knee. After gentle dissection, the
bone surface of the tibial metaphysis was exposed.
Unicortical implant beds were prepared by using a
progressive sequence of spiral drills under generous
saline cooling.
One machine surface titanium implants, (7 mm
length and 3.75 mm in diameter), was placed in each
leg (Fig. 1). The soft tissues were sutured in separate
layers and the animals received a single
intramuscular injection of antibiotic (Pentabiótico®,
Wyeth-Whitehall Ltda, São Paulo, Brazil) (0.1 ml/kg
bodyweight of an association of Penicillin with
Streptomycin) postoperatively.

Histometric procedure
After 4 and 8 weeks, the animals were sacrificed and
the histometrical procedures were performed to
obtain the bone density around the first four threads
apical to the implant platform, according to methods
published by Feitosa et al. 2008 (18) and Correa et al.
2010 (19).
26

The conventional implants with surrounding tissue in
each tibia were removed and fixed in 4% neutral
formalin for 48 hours. Non decalcified sections were
prepared by a technique previously described by
Donath and Breuner (1992) (20) Subsequently, the
sections were stained as follows:
> the slide-containing specimen was placed in a
vessel containing Stevenel’s blue preheated to, and
maintained at, 60 °C for 15 minutes;
> the specimen was rinsed in distilled water at 60 °C
and air dried;
> a small amount of alizarin red was placed onto the
specimen surface at room temperature for 5
minutes.
Then, it was washed thoroughly in running distilled
water to remove excess stain and air dried.
The bone density (i.e, proportion of mineralized bone
in a 500 µm-wide zone lateral to the implant and not
inside the threads) was measured at both sides of the
implant, at the first four threads (Fig. 2). The analysis
was performed by a single examiner, trained and
calibrated. Therefore, this area lateral to the implant
was enclosed by a rectangle whose total area
corresponded to 100%.
Then, the area of bone fill within the rectangle was
calculated and the percentage value was obtained by
simple rule of three. The mean of data obtained for
both sides of the implant was considered for
statistical analysis.
June 2011; 2(3)
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Statistical analysis
Since data were normally distributed, as demonstrated
by Kolmogorov and Smirnov test, unpaired t test was
used to access difference in bone density between the
groups in each experimental period (4-week and 8week period). Paired t test was used to compare
differences in bone density between the 4-week and
the 8-week period in each experimental group
separately. P value was set at 0.05.

RESULTS
Table 1 shows the mean and standard deviation of
each group at different periods of analysis. A
statistically significant increase in bone density
between the 4 and 8-week period was observed for
the control group (37.41% + 14.85 versus 58.23% +
16.38 – p < 0.01). In contrast, bone density
consistently decreased in the test group overtime
(46.31% + 17.38 versus 16.28 + 5.08 – p <0.05) (Fig.
3). In the 8-week period, there was a statistically
significant difference in bone density between the
control and the test group (58.23 + 16.38 versus

Fig. 3 Mean (%) and standard deviation for bone density around
implants for control and test groups at 4 and 8 weeks post-surgery.

16.28 + 5.08 – p= 0.001) (Fig. 4 A, B, C and D). No
statistically significant difference could be found
between test and control groups in the 4-week
period (46.31% + 17.38 versus 37.41% + 14.85).

Fig. 4 Non-decalcified histological sections (Stevenel’s
blue and alizarin red). General aspect of bone from control
(A, C) and CSA (B, D) groups at 8 weeks: the CSA
specimen shows lower density and more spaces in cortical
bone than control group (arrows) (C and D 100X
magnification).
PERIODS

CONTROL

TEST

4 weeks

33,11
50,94
33,77
57,88
32,46
16,30
37,41
37,41
13,56
60,60
78,01
52,55
76,14
40,16
41,95
58,24
58,23
14,95

73,06
60,74
28,96
37,25
32,05
45,81
46,31
46,31
15,86
24,16
19,83
15,57
10,22
12,16
15,76
16,28
16,28
4,64

Mean Standard
Deviation
8 weeks

Mean Standard
Deviation

Table 1 Bone density values from each
animal, and mean and standard deviation
from both groups and periods.
June 2011; 2(3)
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DISCUSSION AND CONCLUSION
The increasing of bone density around dental
implants along the time may occur due to the bone
remodeling processes (Davies et al., 2003) (21). In our
study, it was also found a statistically significant
increase in bone density from the 4-week to the 8week period in the control group (37.41% + 14.85
versus 58.23% + 16.38 – p < 0.01).
However, in the CsA group, a statistically significant
decrease in bone density was observed around the
implants from the 4-week to the 8-week period
(46.31% + 17.38 and 16.28 + 5.08 – p <0.05). This
suggests that CsA administration during 8-week
period may have negatively affected the bone
mineralization around dental implant. The possible
reasons for explain these results are related with the
mechanism of imunossupression caused by CsA. It is
known that the immune system actively participates
in bone mineral metabolism (13, 14, 17) and that the
T lymphocytes play a critical role in the development
of CsA-induced osteopenia (22). This is not surprising
as the T cell is the traditional target of CsA, and
naturally occurring T lymphocyte perturbations are
implicated in the development of primary
osteoporosis in humans (8). Besides, an in vitro study
(23) corroborates with this result, by describing the
necessity of thymus-derived lymphocytes presence
for the production of the osteoclast-activating
factor.
The lymphocytes suppression results in a high bone
metabolism state, where the bone formation is
supplanted by the bone resorption, leading to a
decrease in the trabecular bone volume (12, 13, 15,
16). Under these conditions, a decrease in bone
density around dental implant was observed despite
of the osteoinduction proprieties of titanium oxide
on the implant surface. The precise mechanism of
action of CsA on bone tissue is still not well
understood. It is known that these bone alterations
correlate with immunosuppressive mechanisms and
are mediated by cytokines (14, 22). Moreover,
possible CsA effects on osteoblasts and osteoclasts
should not be disregarded, which may result in a
secondary phenomenon, leading to a high bone
remodeling state with exceeding bone resorption
(14). The side effects of CsA on bone tissue seem to
be time and dose-dependent. Higher doses and long
time administration lead to severe alterations in bone
metabolism (13).
The percentage of bone tissue formed at the first
four threads was used to access bone density due to
the close proximity to the cortical bone of the tibial
metaphysis. Despite the fact that CsA exerts its effect
mainly on trabecular bone, bone density was
dramatically reduced in the cortical bone, as
demonstrated in this study. This suggests that in
28

areas where trabecular bone predominates, such as in
the maxilla, bone density around dental implants
may be severely damaged. Fu et al. (1999) (28) found
an increased alveolar bone resorption in rats
receiving CsA, with greater bone loss in sites affected
by periodontitis.
Although it could be demonstrated a negative side
effect of CsA on cortical bone healing around dental
implants, further studies should be developed in
order to investigate the effects of this drug on
trabecular bone and around osseointegrated
functionally loaded dental implants. Within the limits
of this study, long-term CsA immunesuppression may
reduce bone density around titanium dental implants
during the osseointegration process.
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