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Background: Alendronate sodium increases alveolar bone den-
sity with systemic use. It inhibits osteoclast activity and is thought to
result in a net increase in osteoblastic activity. However, little is
known about local in vivo use. The purpose of this study was to
evaluate the effect of local delivery of alendronate on bone regener-
ation within peri-implant defects. Peri-implant bone was examined
histomorphometrically to evaluate the amount of supporting bone
peripheral to the bone-implant interface.

Methods: Six adult hound dogs were evenly divided into 2
groups, with one group receiving alendronate-coated dental
implants and the other group serving as controls. Dental implants
were placed immediately after extraction of right and left second,
third, and fourth mandibular premolars. Forty-eight dental implants
were placed (2 types in each dog: 24 hydroxyapatite [HA]-coated
and 24 titanium machine-polished [TMP]), for a total of 4 variables.
A bioabsorbable collagen membrane was secured over the implants
and defects, and the flaps closed primarily. The dogs were sacrificed
on day 28. Specimens were sectioned, mounted, and stained with
Stevenel’s blue and van Gieson’s picric fuchsin. The amount of bone
adjacent and 1 mm peripheral to the implant surface was recorded
with a computerized microscopic digitizer.

Results: Locally applied alendronate resulted in significantly
increased amounts of bone (P <0.0002, ANOVA) in the peripheral
area with both HA and TMP implants. However, the most influential
factor in the amount of peripheral bone was the type of implant sur-
face (P <0.0001).

Conclusions: Local application of alendronate is useful in
increasing the amount of peripheral peri-implant bone. Also, the
amount of supporting bone was not related to the bone-to-implant
contact but to the surface characteristics of the implant. The find-
ings of the present study indicate that the evaluation of dental
implant-supporting bone should include peripheral bone as well as
bone-to-implant interface. J Periodontol 1999;70:1228-1233.
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Qualitative Analysis of Peripheral Peri-
Implant Bone and Influence of Alendronate
Sodium on Early Bone Regeneration
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S
uccessful long-term use of
dental implants depends on
integration within, and sup-

port from, osseous tissues. Various
morphologic features of alveolar
bone have been suggested to exist
within individuals and to be associ-
ated with various regions of the
oral cavity.1,2 These alveolar bone
“types” have also been associated
with varying long-term success of
dental implants.3 One example is
the Lekholm and Zarb classification
of type IV bone, which is composed
of widely spread trabeculae with
large marrow spaces and little cor-
tical support.1 This type of bone
has been associated with lower
rates of implant success because of
inadequate bony support.3

Evaluation of implant surgery
success before prosthetic loading
includes determination of osseointe-
gration. Clinically, this usually is
associated with lack of mobility of
the implant fixture after adequate
healing. Histologically, osseointegra-
tion has been described as direct
attachment or connection of vital
osseous tissues to the surface of the
implant, without intervening con-
nective tissue.4 Histologic evalua-
tion of osseointegration usually
involves a description of the per-
centage of bone-to-implant contact;
however, this does not fully describe
the quality of the bone support.
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TMP implants were coated¶ with 2.8 µg of alen-
dronate, which is approximately the amount released
over a 1-month period.18 This second model was
developed for application in implants without an HA
coating as well as for comparing surface coating to a
known time-release model. TMP implants coated with
alendronate were resterilized with the ethylene oxide
method before surgical placement.

At the time of surgery, each dog was given 4% thi-
amylan sodium, 20 mg/kg intravenously.# After induc-
tion of general anesthesia, the animal was intubated
and maintained with 1% halothane inhalational anes-
thetic in conjunction with a 50% mixture of nitrous
oxide and oxygen. The surgical sites were disinfected
with a sterile swab of povidone-iodine** and anes-
thetized locally with 2% lidocaine HCl with 1�100,000
epinephrine for improved hemostasis and postoperative
analgesia. Full-thickness mucoperiosteal flaps were
incised and reflected on the facial and lingual aspects of
the teeth to be extracted. The second, third, and fourth
mandibular premolar teeth were extracted bilaterally as
atraumatically as possible with midcoronal facial-to-
lingual sectioning with a high-speed handpiece with a
sterile water-cooled bur and standard dental forceps.
After odontectomy, alveoloplasty was performed on the
remaining alveolar ridge with use of a bone file for elim-
ination of bony spicules and improved form before
implant placement. No dehiscences were present. Next,
4 endosteal dental implants were surgically placed in
each side of the mandible with sterile water cooling,
according to assigned modality. Cover screws were
placed to cover the implants. Defects remained greater
than 1 mm from the implant surface in the coronal half
of the implants. A biabsorbable collagen membrane††

was placed over the sites to prevent epithelial down-
growth.20 The membranes were secured in place with
bone tacks‡‡ placed at each corner of the membrane to
prevent movement of the membrane. No bone replace-
ment graft was used. Surgical flaps was reapproxi-
mated and closed with 4-0 polyglactin 910 suture.§§

Postoperatively, butorphanol,‖‖ 0.2 to 0.4 mg/kg
every 2 to 5 hours, was administered intramuscularly
as needed for discomfort, and a 300,000 IU/ml
preparation of penicillin G benzathine and penicillin G
procaine,¶¶ 1 ml/5 to 10 kg, was given intramuscu-
larly to reduce potential of infection. The dogs were
kept in the recovery room until they overcame the

Modification and regeneration of osseous tissues
have been an ongoing area of research. The improve-
ment of bone regeneration has included the use of
biologic mediators to improve the quantity and qual-
ity of the bone being regenerated.5-10 One group of
bone metabolism mediators is the bisphosphonates,
which are believed to inhibit osteoclast activity by
interfering with the ruffled border membrane of the
osteoclasts, without destroying the cells.11 This inhibi-
tion of resorptive activity is thought to produce a shift
in bone turnover equilibrium to more osteoblastic
activity. Previous studies have demonstrated a posi-
tive effect with the bisphosphonate alendronate
sodium,‡ and the systemic use of this agent in animal
models has resulted in decreased bone loss and
increased bone density of alveolar bone.12-16

The use of biologic bone mediators in the improve-
ment of poor quality bone potentially could help
improve the success of dental implants. The aim of
this study was to evaluate effects of alendronate within
areas of bone regeneration around dental implants.
Because severe side effects have been reported with
systemic use of alendronate in humans,17 local deliv-
ery methods were used to avoid or to reduce the pos-
sibility of adverse systemic effects. Furthermore,
histologic evaluation of the peri-implant bone included
a qualitative description of the supportive bone
beyond the bone-to-implant interface.

MATERIALS AND METHODS

Six adult male hound dogs were used in this study
because jaw size was adequate for endosteal implant
placement. This study was approved by the
Institutional Animal Care and Use Committee of the
Mayo Foundation. Forty-eight implants were used
and distributed evenly among 4 treatment groups:
hydroxyapatite (HA)-coated implants§ with alen-
dronate, titanium machine-polished (TMP) implants‖

with alendronate, HA-coated implants without alen-
dronate, and TMP implants without alendronate.
There were 4 implants per mandible side, with 12
implants per treatment variable. Implant treatment
groups were allocated per mandible side and not
staggered per position on a given side, because of the
proximity of implants on the same side and the possi-
bility of cross-reactivity with proximity.

HA-coated implants for the alendronate group were
loaded with alendronate similar to the technique
described by Denissen et al.,18 in which HA-coated
implants were soaked in a 0.1 mmol sterile, neutral
solution of alendronate for 1 week at 37°C, which was
shown to have a slow, constant release of other bis-
phosphonates from HA over time. This concentration
has been shown to be bioactive and not to have cyto-
toxic effects in vitro.19

‡ Fosamax, Merck & Co., Inc., West Point, PA.
§ ThreadLoc, Sulzer Calcitek, Carlsbad, CA.
‖ Brånemark, Nobel BioCare, Westmont, IL.
¶ Surface Genesis, Sunnyvale, CA.
# Surital, Parke-Davis Co., Detroit, MI.
** Betadine, Purdue Frederick Co., Newport, CT.
†† Biomend, Calcitek, Carlsbad, CA.
‡‡ IMTEC, Ardmore, OK.
§§ Vicryl, Ethicon, Inc., Johnson & Johnson Co., Sommerville, NJ.
‖‖ Torbugesic, Aveco Co. Inc., Fort Dodge, IA.
¶¶ Flo-Cillin, Fort Dodge Laboratories, Inc., Fort Dodge, IA.



effects of general anesthesia and their condi-
tion was stable. For the rest of the study, they
were fed a soft diet## to reduce potential
trauma to the surgical sites.

Histologic examination occurred after a 1-
month healing period. This period was cho-
sen to evaluate any early differences when
the maximal amount of alendronate was
likely present. Statistical comparisons were
made between the use of HA-coated and
TMP implants with alendronate and HA-
coated and TMP implants without alen-
dronate.

The specimens were sectioned, fixed in 70% ethanol
for 1 day, and then dehydrated in successive concen-
trations of alcohol and GMA (2-hydroxyethyl-
methacrylate). Plastic infiltration of the specimens was
accomplished with an even mixture of GMA and
embedding medium,*** followed by repeated immer-
sions in 100% embedding medium. A microgrinding
system††† was used to obtain sections less than 50 µm
thick.21

Histologic specimens were examined with transmit-
ted light at a magnification of ×100, and the implant
and peri-implant tissues, including amount of bone per
area, were analyzed with the use of a semi-automated
computerized technique.‡‡‡ The amount of bone per
area in each field (0.507 mm2) was traced with the
digitizer and recorded as an area value, 2 fields from
the implant surface, along the length of the implant.
This value was then converted to a mean percentage
of the total area per field.

Statistical Analysis

The primary response variable was percentage of
bone per area along the length of the implant section,
as measured histologically. Multifactor analysis of
variance (ANOVA) was used to identify effects due to
alendronate, HA coating, and their possible inter-
action. Effects were considered significant at alpha =

0.05.

RESULTS

The results of ANOVA for the histomorphometric data
are summarized in Table 1. The primary response vari-
able was percentage of bone per area, as measured
histologically (Fig. 1).

In general, all 48 implants were clinically integrated
at the time of retrieval; none was mobile, infected, or
lost. No adverse systemic effects were encountered in
terms of intraoral mucosal ulcerations or gastroin-
testinal distress.

For percentage of bone per area, alendronate had a
significant effect (P >0.0002), with a mean increase in
bone per area of 5.8% (Fig. 2). However, greater dif-
ferences existed between type of implant surface and
percentage of bone per area and were significant (P

>0.0001). TMP implants demonstrated a 9.5% mean
increase in bone per area compared with HA-coated
implants (Fig. 3).

Of the 4 treatment combinations, alendronate-TMP
implants demonstrated the greatest mean bone per
area, and control-HA implants showed the least.

DISCUSSION

The present study examined the effects of locally
applied alendronate on early bone regeneration in
peri-implant defects. Evaluation of the ef fects
involved histometric analysis of the peripheral
implant-supporting bone, up to 1 mm from the
threaded surface. Evaluation of systemic effects was
limited to clinical observations, through which no
adverse side effect was noted in terms of intraoral
mucosal ulcerations or gastrointestinal distress.

The mean percentage of supporting bone per area
was improved in both of the local alendronate models.
The mean improvement of 5.8% is slightly less than
that in previous reports, which evaluated changes of
bone density radiographically with systemic use of
alendronate.12,22 Improvements of 7% to 10% bone
density have been reported for vertebral bone22 and
11.6% greater bone density for alveolar bone with sys-
temic alendronate use.12 Direct comparisons may be
difficult because the present study used a histometric
evaluation instead of a radiographic evaluation, as in
previous studies. Also, little is known about local use
of alendronate with alveolar bone. Therefore, further
testing may be helpful to determine a more optimal
local dosage that could lead to improved gains.

The implant surface influenced the amount of bone
per area. TMP implants demonstrated a greater mean
bone per area than HA implants. The underlying mech-
anism was not determined in our study. Malecki et al.23

reported 8% greater bone per area with TMP implants
than HA implants, although this did not reach statistical
significance. This trend is contrary to that of studies
which evaluated only the percentage of bone-to-
implant contact, in which a superior bone-to-implant
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## Science Diet, Hill’s Pet Nutrition, Inc., Topeka, KS.
*** Technovit 7200 VLC, Kulzer & Co., Norderstedt, Germany.
††† EXAKT Medical Instruments, Oklahoma City, OK.
‡‡‡ BQ System IV Program, R & M Biometrics, Inc., Nashville, TN.

Table 1.

Percentage of Bone Per Area (%)

Implant Type Alendronate Mean SD Minimum Maximum

TMP Yes 60.4 7.5 41.0 67.3

TMP No 54.5 3.9 44.1 59.2

HA Yes 51.3 7.6 39.6 63.9

HA No 44.6 4.7 38.3 54.0
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Figure 1.
Peripheral bone per area. A) Titanium machine-polished alendronate implant. B) Titanium machine-polished control implant. C) Hydroxyapatite-alendronate
implant. D) Hydroxyapatite-control implant (Stevenel’s blue and van Gieson’s picric fuchsin stain; original magnification ×100).
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contact was achieved with HA implants compared to
TMP implants in early healing.24-26 We previously
found a 49.7% mean bone-to-implant contact for HA
implants compared to 39.3% for TMP implants in an
early healing model.24 Therefore, reporting only the
bone-to-implant contact might not be a complete
description in terms of peri-implant supporting bone.
Histologic descriptions of peri-implant supporting bone
should include both the bone-to-implant contact as
well as the peripheral bone per area. This provides a
more complete description of the support that the
implant receives. Possibly, a high bone-to-implant con-
tact with a low amount of peripheral bone per area
might be less favorable than the converse for long-term
support and resistance to breakdown. However, addi-
tional studies are needed to explore these relationships.
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