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Purpose: This study was undertaken to investigate the action of bisphosphonate on bone reactions
after the placement of titanium screw implants into the tibiae of ovariectomized rats. Materials and
Methods: Twelve-week-old female Wistar rats were divided into 4 groups of 18 animals each. The first
group (Sham) was sham-operated, the second group (OVX) was ovariectomized only, the third group
(Estrogen) was ovariectomized and received continuous estrogen with a 173-estradiol pellet, and the
fourth group (YM-175) was ovariectomized and received bisphosphonate at a dose of 10 pg/kg of body
weight. Titanium screw implants were placed in the proximal metaphyses of the tibiae 168 days after
surgery. The animals were sacrificed 7, 14, and 56 days after implant placement. Undecalcified sec-
tions were prepared and evaluated by light microscopy. Histomorphometric measurements were
obtained with a computer-based image analyzer to quantify the unit bone mass around the implant
and the rate of implant-bone contact. Results: Ovariectomies significantly reduced implant-bone con-
tact and the bone volume around the implants. However, in the YM-175 group, only slight differences
in both bone contact and bone volume were noted compared with the Sham and Estrogen group. The
woven structure of new bone in the YM-175 group was also replaced by mature lamellar bone, as in
the other groups. Discussion and Conclusion: These results suggested that bisphosphonate preserved
the implant-bone contact and bone volume around the implants. (INT ] ORAL MAXILLOFAC IMPLANTS

2003;18:66-74)
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steoporosis is a bone disease characterized by
low bone mass leading to an increased risk of
fractures and is a serious public health problem.!
Postmenopausal osteoporosis results from a reduction
in estrogen levels after natural or surgical menopause-
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accelerated bone loss. The bone loss of estrogen defi-
ciency is attributable to both increases in bone
turnover and an imbalance in favor of resorption.?
Several studies have suggested correlations
between mandibular bone mineral density around the
teeth, advanced residual ridge resorption, and total
skeletal bone mass in osteoporotic patients.*~* Kribbs’
reported that patients with osteoporosis ran a higher
risk of early tooth loss compared with normal subjects
in the same age groups. Von Wowern and coworkers?
demonstrated that the mandible undergoes a continu-
ous physiologic sex- and age-related decrease in bone
density and bone mineral content. Klemetti and asso-
ciates* also described the highest Community Perio-
dontal Index of Treatment Needs values in post-
menopausal subjects with the highest systemic bone
mineral density. The long-term clinical success of
dental implants relies on continued osseointegration
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in the jawbone. Therefore, suitable control of the
bone mass and bone metabolism may be necessary to
enable more successful dental implant treatment in
patients with osteoporosis.

Bisphosphonates are pyrophosphate analogs con-
taining a P-C-P bond, which is stable to chemical
and enzymatic hydrolysis; they strongly bind to
hydroxyapatite crystals and inhibit osteoclastic bone
resorption.®” The efficacy of their bone mass—pre-
serving action has been elucidated in conditions
characterized by increased resorption. In animal
models, maintenance of bone mass and strength by
bisphosphonate treatment has been extensively eval-
uated in ovariectomized rats,® ! dogs,'* and mon-
keys.!7 In addition, bisphosphonates have been used
for adjunct therapy for bone diseases involving
increased bone resorption, such as metastatic bone
disease,'® Paget’s disease,!” and osteoporosis.?’

Starck and Epker?! described a patient who experi-
enced the loss of 5 implants that had successfully
osseointegrated while taking etidronate disodium for
osteoporosis. They proposed that bisphosphonate
therapy is a risk factor for the osseointegration of
dental implants. Given that a substantial number of
patients need dental implants, it is probable that some
would be women who required treatment because of
postmenopausal osteoporosis. Although several stud-
ies indicate that dental implants placed in healthy
patients have been successful, their placement in
patients with osteoporosis remains controversial.
"There have been no controlled studies examining the
effects of bisphosphonates on the implant-tissue
interface. The purpose of this study was to investigate
the action of bisphosphonate on bone reactions adja-
cent to endosseous implants in ovariectomized rats.

MATERIALS AND METHODS

Experimental Animals

Seventy-two female Wistar rats were used in this
study. These animals were 12 weeks old and
weighed 200 g at the beginning of the experiment.
For all experiments, the rats were housed at room
temperature (24°C to 25°C) and 55% humidity with
a circadian light rhythm of 12 hours and fed a pel-
leted commercial standard diet (Oriental Yeast,
"Tokyo, Japan) containing 1.1% calcium and 0.83%
phosphorus. Water was available ad libitum.

Medications

For estrogen treatment, slow-release pellets con-
taining 0.5 mg of 17B-estradiol were purchased
from Innovative Research of America (Rockville,
MD). YM-175 (disodium cycloheptylaminomethyl-

enedisphosphonate monohydrate) was provided by
Yamanouchi Pharmaceutical (Tokyo, Japan) and was
prepared in a vehicle of normal saline.

Experimental Design

Briefly, the animals were anesthetized by abdominal
administration of a 1:1 mixture of ketamine chloride
(Ketarat, Sankyo, Tokyo, Japan) and xylazine (Cer-
actal, Bayer, Leverkusen, Germany). Bilateral
ovariectomies were performed from a dorsal
approach in 72 animals. The remaining rats were
subjected to sham surgery that exposed but did not
remove the ovaries. The rats were then randomly
divided into 4 groups of 18 animals each based on
the following treatments (Fig 1).

1. Sham group, sham-operated

2. OVX group, bilaterally ovariectomized

3. Estrogen group, bilaterally ovariectomized and
treated with a 17B-estradiol pellet that was
implanted subcutaneously in the back of the neck
every 3 weeks starting 4 weeks after surgery
throughout the experiment

4. YM-175 group, bilaterally ovariectomized and
treated with bisphosphonate (YM-175) at the
dose of 10 pg/kg of body weight injected subcu-
taneously 3 times per week from 4 weeks after
surgery throughout the experiment

Implantation

Implants were made of commercially pure titanium
and fabricated as screw-type by machining. They were
2.0 mm in diameter and 5.0 mm long, with a pitch
height of 1.0 mm (Taguchi, Tokyo, Japan). They were
cleaned in trichloroethylene, rinsed in absolute
ethanol in an ultrasonic bath, and sterilized in an auto-
clave. As a postmenopausal osteoporosis model, rats in
which bone mass is sufficiently reduced are considered
appropriate. Therefore, the implants were placed in
the proximal metaphyseal region of both sides of the
tibiae in 18 rats of each group 168 days after ovariec-
tomy or sham surgery. Under general anesthesia, the
skin of the bilateral tibial region was shaved and disin-
fected with 70% ethanol. A 15-mm incision was made
on the anteromedial aspect of the proximal end of the
tibia, and the bone surface was exposed. Then, an
implantation hole 1.0 mm in diameter was drilled with
a rotatory speed not exceeding 2,000 rpm, accompa-
nied by profuse saline irrigation. The implants were
then placed via self-tapping in this site.

Histologic Preparation

Six rats in each group were sacrificed at 7, 14, and 56
days after implantation. The tibiae were removed,
fixed in 4% buffered formalin, and dehydrated by an
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Fig 1 Experimental protocol. S = sham opera-
tion; O = ovariectomy; | = implantation; SC = sacri-
S | SC SC SC fice.
Sham | i | | | |
goup | I [ [ I
-168 0 7 14 56
(0] | SC SC SC
OVX [ 1 | | | |
group | | | | I
-168 0 7 14 56
0] I SC SC SC
Estrogen <—|Estrogeln treatrlnent, 1 mg/3 weeks — I
group | | If | | | |
-168 -140 0 7 14 56
0 | SC SC SC
YM-175 E—YM{Ii?S trealtment, :ILO ug/kg, 3 times/week—#» I
group | | | |
-168 -140 0 7 14 56
Time (days)

ascending (percentage) series of alcohol. Simultane-
ously, the body and uterus weights were measured.
The specimens were embedded in methylmethacry-
late resin (Technovit, Kulzer, Wehrheim, Germany),
and approximately 50-pm-thick undecalcified sec-
tions of the tibia were prepared along the long axis
of the implant with an EXAKT Cutting-Grinding
System (Exakt-Apparatebau, Norderstedt, Ger-
many). Each section was reground to a thickness of
15 pm and stained with 1% toluidine blue for gen-
eral histologic observation.

Histomorphometric Analysis

To quantify the changes in bone tissue around the
implants, the parameters below were measured mor-
phometrically. Primary parameters were assessed via
an automatic image analyzing system (SPEC-
TRUM, Mitani, Tokyo, Japan). Secondary parame-
ters were calculated from primary parameters.

Primary parameters were:

e ‘Total bone tissue area (mm?), ie, the total area of
cancellous bone and marrow tissue;

e Total bone area (mm?), ie, the cancellous bone area;

* Implant circumference (mm), the boundary
length of a single longitudinal profile of the
implant; and

* Total contact surface (mm), the total boundary
length bone/implant contact.

Secondary parameters were:
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* Bone density (%), ie, the ratio of cancellous bone
area in the marrow cavity (total bone area/total
bone tissue area) X 100; and

* Percentage of bone-implant contact, ie, the ratio
of the implant surface covered with bone for the
total length of the implant (total contact
surface/implant circumference) X 100.

Statistical Analysis

Values were calculated as means + SEM. The Sham,
OVX, and other groups were compared using the
Mann-Whitney U test. Differences were considered
statistically significant at P < .05.

RESULTS

Body Weights

The rats in the OVX and the YM-175 groups
weighed significantly more than those in the Sham
group throughout the observation period. The rats
in the Estrogen group displayed significantly lower

weights than those in the OVX group at all times
(Table 1).

Uterus Weights

The uterus weights of the rats in the OVX and the
YM-175 groups were significantly lower than in the
corresponding Sham rats throughout the observa-
tion period. The rats in the Estrogen group dis-
played significantly higher weights than those in the
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OVX group up to 14 days after implantation. How-
ever, there were no statistical differences between
the Estrogen and the OVX groups at the 56-day
time point (Table 2).

Histologic Findings

Seven Days After Implantation. In the Sham group,
the cancellous bone interconnected around the
implant. Woven bone was formed from the stumps
of original cortical bone and/or the cancellous bone
surfaces toward the implant and was in direct con-
tact with its surface in some places (Fig 2a).

In the OVX group, the cancellous bone around
the implants was thin and short in comparison with
that seen in the Sham group. However, woven bone
was formed from the stumps of cortical bone and/or
cancellous bone surfaces toward the implant, and
some of this was in direct contact with the implant
surface (Fig 2b).

In the Estrogen group, abundant cancellous bone
was observed around the implants, as in the Sham
group. The amount of newly formed bone around
the implants, with some in direct contact with the
implant surface, appeared equivalent to that seen in
the Sham group (Fig 2c).

In the YM-175 group, the distribution of the
cancellous bone around the implants appeared
equivalent to that of the Sham group. Newly
formed trabecular bone was in direct contact with
the surface of the implant in parts (Fig 2d).

Fourteen Days After Implantation. In the Sham
group, newly formed bone trabeculae around the
implants from the stumps of cortical bone and/or
cancellous bone surfaces consisted mainly of lamel-
lar bone. The majority of the implant surface was
covered with thin lamellar bone (Fig 3a).

In the OVX group, newly formed bone trabecu-
lae consisted mainly of lamellar bone. This new
bone was in direct contact with the surface of the
implant, but such new ossification appeared smaller,
and the distribution of bone surrounding the
implants appeared thinner than the corresponding
bone noted in the Sham group (Fig 3b).

In the Estrogen group, new bone trabeculae
around the implant were also almost the same as in
the Sham group (Fig 3c).

In the YM-175 group, new trabecular bone around
the implant consisted mainly of lamellar bone.
Although part of the implant surface was covered with
new bone similar to that of the Sham group, newly
formed bone that made contact with the implant sur-
face was thinner than in the Sham group (Fig 3d).

Fifty-six Days After Implantation. In the Sham
group, most of the implant surface was in direct
contact with the new bone that had formed around

the remnants of compact bone in the cortical bone
area. Almost the entire implant surface was covered
with new lamellar bone that was connected to the
cancellous bone in several places (Fig 4a).

In the OVX group, the new bone in contact with
the implant surface appeared thinner than that seen
in the other groups. In the areas of cortical bone,
the surface of the implant was in contact with thick,
new, lamellar bone that resembled that of the Sham
group (Fig 4b).

In the Estrogen group, the surface of the implant
in the cortical bone area was in contact with thick,
new, lamellar bone, as seen in the Sham group.
Almost the entire implant surface was covered with
new lamellar bone that was connected to the cancel-
lous bone in several places (Fig 4c).

In the YM-175 group, the surface of the implant
in the cortical bone area was in contact with thick,
new, lamellar bone that was similar to the bone
noted in the Sham group. Nonetheless, the new
bone that contacted the implant surface appeared
thinner than in the Sham group (Fig 4d).

Bone Histomorphometric Analyses

Bone Density. In the Sham group, the unit bone
mass around the implants increased actively from 7
to 14 days after implantation and reached approxi-
mately 46% at 56 days after implantation. In the
OVX group, the bone density around the implants
reached a maximum of approximately 22% at 14
days and decreased slightly thereafter. It remained
significantly lower in the OVX group than in the
other groups throughout the experiment. The bone
density in the Estrogen group was similar to that in
the Sham group and was significantly higher than
that in the OVX group. The bone density in the
YM-175 group also remained significantly higher
than that in the OVX group throughout the experi-
ment. However, the bone density in the YM-175
group was lower than that in the Sham and Estro-
gen groups, and by 56 days, these differences were
statistically significant (Table 3).

Percentage of Bone-Implant Contact. In the
Sham group, the rate of bone contact between the
implant and new bone in areas of cortical bone
began to increase at 7 days after implantation and
reached approximately 83 % at 56 days after implan-
tation. The rate of bone-implant contact in the
OVX, Estrogen, and YM-175 groups was similar to
that in the Sham group (Table 4).

In the cancellous bone area, the contact per-
centage in the Sham group rapidly increased to
approximately 77% during the period between 7
and 14 days after implantation. This percentage
was significantly higher than that in the OVX
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Table 1 Comparison of Body Weight (g)
Between Groups

Time (days)
Group 7 14 56
Sham 249.8 + 4.8 274.8 £ 6.7 282.8 £ 14.6
OVX 318.3 +11.5° 332.0+25.0° 352.8+5.0°
Estrogen 2727 +4.15¢ 2828+ 16.8° 270.6 = 5.6¢

YM-175 331.4 £ 7.8 3534 +19.6° 372.2 +18.2°f

Each value is mean + SE. 2P < .05 versus Sham group; °P < .01 versus
Sham group; ¢P < .05 versus OVX group; 9P < .01 versus OVX group;
fP < .01 versus Estrogen group.

Table 2 Comparison of Uterus Weight (mg)
Between Groups

Time (days)
Group 7 14 56
Sham 602.4 +349 920.0+391.4 675.0+130.7
OVX 65.2 + 6.42 95.0 + 11.12 59.8 + 38.82
Estrogen 290.0 + 40.6¢ 307.0 + 14.6° 507.0 + 15.6°4

59.6 + 26.6°F 45.6 + 11.50¢f 52.4 + 18.15f

Each value is mean + SE. 2P < .05 versus Sham group; °P < .01 versus
Sham group; ¢P < .05 versus OVX group; 9P < .01 versus OVX group;
fP < .01 versus Estrogen group.

YM-175

Figs 2a to 2d Specimens at 7 days after implantation (toluidine blue; original magnification X50).
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Fig 2a Sham-operated rat. Abundant pre-existing cancellous
bone is observed around the implant, and newly formed woven
bone has been formed around the implant.

Fig 2c Estrogen-treated rat. Pre-existing cancellous bone is
observed around the implant as in Sham rat.

groups at all time points after implantation (P <
.05 or P < .01; Table 5). In the Estrogen group, no
significant difference was noted in bone contact
compared to that in the Sham group at 7 and 14
days after implantation. In the YM-175 group, the
rate of implant-bone contact reached approxi-
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Fig 2b OVX rat. Pre-existing cancellous bone around the
implant is thin in comparison with that seen in Sham rats.

Fig 2d YM-175-treated rat. Pre-existing cancellous bone is also
seen around implant as in Sham rat.

mately 23% at 7 days after implantation, and was
significantly higher than that in the other groups.
Thereafter, there were no significant differences
in the bone contact between the Sham and the
YM-175 groups up to 56 days after implantation
(Table 5).
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Figs 3a to 3d Specimens at 14 days after implantation (toluidine blue; original maghnification X50).

Fig 3a Sham-operated rat. Newly formed trabeculae have
matured, and the surface of the implant is extensively covered
with new bone.

Fig 3c  Estrogen-treated rat. Entire implant surface is in contact
with mature new bone, as in Sham rat.

DISCUSSION

YM-175 is a new-generation bisphosphonate that
has been shown to be effective in preventing bone
resorption in various experimental models, includ-
ing in experimental hypercalcemia induced by
Walker-256 tumors and by parathyroid hormone
(PTH) administration,” in animals immobilized by
neurectomies,?® and in OVX rats after cessation of
PTH treatment.’* Motoie and coworkers? also
found that YM-175 preserved bone mass and
strength without impairment of mineralization in
OVX, calcium-restricted beagle dogs. In the animal
model of PTH-induced hypercalcemia, Takeuchi
and associates?® reported that YM-175 was 10- and
1,000-fold more potent than pamidronate and
etidronate, respectively. Based on this background
understanding, YM-175 can be expected to be use-
ful in the treatment of humoral hypercalcemia of
malignancy and osteoporosis. The results of this

Fig 3b OVX rat. Newly formed bone trabeculae contact the
implant surface, but the amount of bone around the implant is
less than that in the Sham rat.

Fig 3d YM-175-treated rat. The surface of the implant is exten-
sively in contact with new bone, as in Sham rat.

study may provide important information regarding
dental implants in patients who have received YM-
175 for the treatment of systemic bone loss.

The dose of YM-175 used in this study (10 pg/kg
3 times per week as a subcutaneous injection) might
be suitable for the treatment of OVX rats because of
certain effects related to prevention of bone loss.?*

There are different opinions of bone formation
activity in fracture healing under bisphosphonate
treatment. Nyman and colleagues®” found that clo-
dronate inhibited fracture healing by delaying
osteoblast recruitment and differentiation. Li and
associates?® also reported inactive bone formation in
the fracture healing process of rat tibiae under YM-
175 treatment. However, Peter and coworkers?’
demonstrated that etidronate had no adverse effects
on bone fracture healing, bone strength, or mineral-
ization. In the present study, there was only a slight
difference in new bone formation around implants
in the cortical bone area among the study groups.
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Figs 4a to 4d  Fifty-six days after implantation (toluidine blue; original magnification X50).

Fig 4a Sham-operated rat. The implant surface remains in con-

tact with mature new bone.

Fig 4b OVX rat. The greater part of the implant surface is cov-
ered with thin and uniform new bone.

Fig 4c Estrogen-treated rat. Most of the implant surface is in
contact with mature new bone, as in Sham rat.

Table 3 Bone Density (%) Around the Implant
at Each Time Point

Time (days)
Group 7 14 56
Sham 32.8+3.2 37.9+77 457 + 4.5
OVX 212 +£5.3° 221 £7.92 16.4 + 2.3°
Estrogen 40.8 £ 6.6%° 39.1 + 5.4¢ 39.6 + 5.6¢
YM-175 25.1 + 8.5¢ 33.3+5.2¢ 37.9 + 5.62d

Each value is mean + SE. 2P < .05 versus Sham group; °P < .01 versus
Sham group; °P < .05 versus OVX group; 9P < .01 versus OVX group;
fP < .01 versus Estrogen group; ¢P < .05 versus Estrogen group.
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Fig 4d YM-175-treated rat. Most of the implant surface
remains in contact with thin and uniform new bone.

Table 4 Percentage of Bone/Implant Contact
(%) in Cortical Bone Area at Each Time Point

Time (days)
Group 7 14 56
Sham 30.1 £ 15.3 5056 +12.9 83.0+17.4
OVX 27.4 +18.8 50.7 £ 1.1 80.3+5.2
Estrogen 203 +4.4 46.4 + 8.6 87.2+5.0
YM-175 35.4 + 12.9¢ 31.4 +14.3 88.3 +5.6

Each value is mean + SE. ¢P < .05 versus Estrogen group.

COPYRIGHT © 2002 BY QUINTESSENCE PUBLISHING CO, INC.
PRINTING OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY.
NO PART OF THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM
WITHOUT WRITTEN PERMISSION FROM THE PUBLISHER.



TOKUGAWA ET AL

This indicated that not only OVX, but also YM-
175, had minimal influence on bone formation after
placement of implants into the rat tibia. In the can-
cellous bone area of OVX rats, in which bone mass
decreased by estrogen depletion, newly formed bone
trabeculae around the implants were less numerous
than in Sham rats. It is possible that such bone for-
mation inferiority might be attributed to the loss of
pre-existing cancellous bone for osteogenesis. In
contrast, treatment of OVX rats with YM-175
maintained pre-existing bone mass and structure, as
in the estrogen-treated rats, and new bone forma-
tion around the implants in the cancellous bone area
was almost the same as in both Sham and estrogen-
treated rats. Thus, in this model, YM-175 treatment
had no negative effects on new bone formation
around the implants, as estrogen treatment.

During the acquisition of bone contact with
implants placed into the metaphyses of tibiae in
normal rats, it has been previously indicated that
bone-implant contact was almost complete by 56
days after implantation.’**! Histomorphometric
examination in the present study demonstrated a
similar level of bone-implant contact in the cortical
bone area among the study groups throughout the
experiment. In the cancellous bone area, a signifi-
cant reduction in the amount of bone-implant con-
tact in the OVX group was seen relative to that of
the Sham group. In contrast, the bone contact ratios
in both the YM-175 and Estrogen groups were
higher than that in the OVX group and were almost
the same as that noted in the Sham group. It
appears that the pharmaceutical treatment in this
experiment produced favorable results in achieving
bone-implant contact in the cancellous bone area. It
is important to note that the administration of YM-
175 for the treatment of osteoporosis might not
inhibit the osseointegration of dental implants.

The present study showed lower amounts of
bone mass in the OVX group compared to the
Sham group at each time point after implantation.
In contrast, the bone mass in the YM-175 group
was equivalent to that in both Sham and Estrogen
groups throughout study. Therefore, YM-175 treat-
ment appeared to be effective in the prevention of
bone loss around the implants in the OVX group, as
was the case with estrogen treatment.

Osteoclasts play an important role in the remodel-
ing of woven bone into lamellar bone in the process
of bone repair.’>* Bisphosphonates inhibit the activ-
ity of mature osteoclasts and the production of the
osteoclast progenitor cells.** The influence of bispho-
sphonates on fracture healing has also been reported
previously, as these agents have been known to dis-
turb the remodeling process during fracture heal-

Table 5 Percentage of Bone/Implant Contact

(%) in Cancellous Bone Area at Each Time Point

Time (days)
Group 7 14 56
Sham 16.4+1.9 77.1 +5.2 90.8+5.4
OVX 12.2 +2.8° 29.3 + 8.0° 76.7 £ 5.82
Estrogen 12.4 + 8.1 51.7 + 18.6 92.2 + 3.4
YM-175 23.3 £ b.42¢ 56.3 £ 9.2¢ 86.9 + 7.54

Each value is mean + SE. 2P < .05 versus Sham group; °P < .01 versus
Sham group; °P < .05 versus OVX group; ¢P < .01 versus OVX group.

ing.”’?% Bone repair after the placement of implants
into the tibiae of normal rats was studied previously,
and it was reported that the woven structure of new
bone first appeared around the implant and was
replaced by mature lamellar bone by 56 days after
implantation.’® The present study revealed that the
woven structure of new bone in the YM-175 group
was also replaced by mature lamellar bone as in the
other groups. These results suggest that with clinical
usage, YM-175 might slightly hinder bone remodel-
ing in the healing processes after implantation.

CONCLUSION

In the present study, the effects of YM-175 on bone
reactions after placement of titanium screw
implants into the tibiae of OVX rats were investi-
gated. The results showed only a slight difference in
both bone contact and bone area in the YM-175
group compared with the Sham and Estrogen
groups. The woven structure of new bone in the
YM-175 group was also replaced by mature lamellar
bone, as in the other groups. These results sug-
gested that YM-175 preserved implant-bone con-
tact and that the bone area around the implants
might also be slightly compromised in the healing
processes after implantation in the tibial metaphyses
of ovariectomized rats.
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