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RESEARCH ARTICLE

Effects of Systemic Zoledronic Acid Application on Bone
Implant Connection of Titanium Implants After The
Osseointegration Period

Objective: This study examined the effects of systemic zoledronic acid (ZA) application on bone
implant connection (BIC) of titanium implants after the 4 weeks osseointegration period.

Materials and Methods: Twenty one adult female Wistar albino rats were used in the study. The
machined surface titanium implants were surgically integrated in the corticocancellous bone of
metaphyseal part of the right femur of the rats. Next, the rats were divided randomly into 3 groups:
control (n=7); only titanium implants were integrated in right femoral bones and rats received no
further treatment during the 8 weeks experimental period. ZA dose 1 group (n=7); and ZA dose 2
group (n=7). A single dose systemic ZA applications were done in the treatment groups, 0.1 mg/kg
and 0.2 mg/kg, respectively after the 4 week osseointegration period. After 4 weeks from the ZA
application and 8 weeks of the experimental period, the rats were killed, and the implants and the
surrounding bone tissues were harvested, and BIC ratios (%) were analysed according to non-
decalcified histological procedures.

Results: Bone implant connection ratio was higher in the ZA treatment groups when compared to
the controls (P<0.05), but no statistically significant differences were detected between the
treatment groups (P>0.05).

Conclusion: These data suggest that the single dose application of ZA after the osseointegration
period could improve BIC.
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Osseointegrasyon Déneminden Sonra Sistemik Zoledronik Asit Uygulamasinin
Titanyum Implantlarin Kemik Temasina Etkileri

Amag: Bu galismada osseointegrasyon doneminden sonra sistemik uygulanan zoledronik asitin

S‘,Jfgery' titanyum implantlarin kemik implant temasina etkilerinin incelenmesi amaglandi.

Diyarbakir, TURKEY

Gereg ve Yontem: Bu calismaya 21 adet yetiskin disi wistar albino sigan dahil edildi. Tornalanmig
ylzeyli titanyum implantlar deneklerin sag femur kemiklerinin metafiziyel kisimlarindaki
kortikokanselléz kemige cerrahi yontemlerle yerlestirildi. Denekler rastgele kontrol (n=7), zoledronik
asit doz-1 (n=7) ve zoledronik asit doz-2 (n=7) grubu olmak Uzere 3 esit gruba ayrildi. Titanyum
implantlar kontrol grubundaki deneklerin sag femur kemiklerine yerlestirildi ve 8 haftalik deneysel
dizenek boyunca ek herhangi bir islem uygulanmadi. Zoledronik asit doz-1 (n=7) ve zoledronik asit
doz 2 (n=7) gruplarindaki deneklerin sag femur kemiklerine titanyum implantlar yerlestirilip 4 hafta
osseointegrasyon igin beklenildi ve sirasiyla 0.1 mg/kg (doz-1) ve 0.2 mg/kg (doz-2) zoledronik asit
tek doz sistemik uygulandi. Zoledronik asit uygulamasini takiben deney gruplarindaki tim siganlar
4 haftalik bekleme siresinden sonra-deneysel diizenegin 8. haftasi sonunda, sakrifize edildi ve
implantlarin kemikle temas ylizdesi dekalsifiye edilmemis histolojik analiz ydontemine goére analiz
edildi.
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Bulgular: Kemik implant temasi yiizdesi zoledronik asit uygulanan doz-1 ve doz-2 deney
gruplarinda kontrollere gore ylksek tespit edilirken (P<0.05) deney gruplari arasinda istatistiksel bir
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Sonug: Bu galismanin sinirli verilerine gore tek doz zoledronik asit osseointegrasyon déneminden
sonra kemik implant temasini arttirabilir.
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Introduction

Dental implant—supported prostheses are commonly used and scientifically

accepted options for treating partial and complete toothlessness. In dental implant

) therapy, the systemic condition of the patient, the quality and quantity of the bone in

Faculty of Dentistry, which the implant will be placed, the geometric and surface characteristics of the

Department of implant, and the smoking habit of the patient are important factors for osseointegration
Periodontology, (1-4).
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The length of time between surgical dental
implant application and prosthetic loading, and the low
rate of clinical success in the case of poor-quality bone
tissues, and the maintaining the bone tissue quality in a
long period are the most challenging problems in
dental implant treatments (3-5). To overcome
insufficient bone tissue quality and quantity, different
dental implant treatment techniques have been used to
increase osseointegration and bone tissue formation.
Tissue growth factors, hormones like melatonin, and
antiosteoclastic drugs-biphosphonates (BPs) have
been used to improve the osseointegration of titanium
implants (3, 4, 6). Biphosphonates can be used in
metabolic bone tissue treatment procedures.
Zoledronic acid (ZA) application enhances bone tissue
mineral density and the number of marrow clonogenic
fibroblast progenitors after allogenic stem cell
transplantation in the short term (7-9). These results
have raised questions as to the effects of chronic ZA
treatment on bone implant connection (BIC) and bone
tissue structure. Zoledronic acid is the most potent of
the BPs compounds used in a clinical setting. In the
literature, it has been demonstrated that a single dose
of intraoperative ZA has positive effects on different
bone tissue healing models; thus, studies have shown
that ZA has a positive effect on the BIC of implants (3,
7-8). However, no study has demonstrated possible ZA
effects on the BIC quality of titanium implants after the
osseointegration period to the extent we reach. Thus,
this experimental animal study aims to evaluate the
effects of systemic ZA application on the BIC levels of
implants after the osseointegration period.

Materials and Methods

Animals and Experimental Design: All
experimental procedures in this study were performed
at the Firat University Experimental Research Center,
Elazig, Turkiye. This study was ethically approved by
the Firat University Animal Experiments Local Ethics
Committee (2017/22). Moreover, the study procedures
completely conformed to the recommendations of the
World Medical Association Helsinki Declaration on the
protection of animals used in laboratory investigations.
In this study 21 healthy adult 280-300 g female Wistar
albino rats aged 1-1.2 years in the same estrus cycle
were used. All the rats were kept in plastic cages, and
temperatures were recorded for areas where the
animals were kept. All rats were allowed for free
access to food and water, and all rats were kept in the
12/12 hour light / dark cycle.

Titanium implants (Implance Dental Implant
System, AGS Medical, Istanbul, Turkiye) were
surgically integrated into the right femoral bones of the
rats. The rats were randomly divided into the following
3 experimental groups: (1) the control group (n=7), (2)
the ZA dose 1 group (n=7), and (3) the ZA dose 2
group (n=7). In the control group, only implants were
integrated surgically into the femoral bones of the rat
and any other treatment were not applicated during the
experimental period of 8 weeks. In the ZA dose 1
group and ZA dose 2 group, the implants were
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integrated surgically into the right femoral bones of the
rats and after the 4-week osseointegration period,
respectively single doses of of 0.1 and 0.2 mg/kg of ZA
were applied systemically by injection in the tail vein (7,
10). In this study, ZA was applicated as a single dose
of 0.1 mg kg systematically. It has been proven that the
plasma concentration of the ZA gradually declines
within 28 days (3, 7). Thus, a repeat dose of ZA could
be administered 28 days after the initial single dose, if
required, so we waited 28 days to see possible
changes in BIC (7, 14). Therefore, in the present study
we thought that the administration of an intra-operative
systematic single dose of 0.1 mg kg ZA would be
sufficient to detect changes in osseointegration levels.
After 4 weeks of ZA applications, the rats were Kkilled,
and the titanium implants and surrounding bone tissues
were removed for a non-decalcified histological
analysis.

Surgical Procedures: All the experimental
surgical applications were done under sterile
conditions. General anesthesia was obtained by
intramuscularly injections of ketamine hydrochloride
(35 mg/kg) and xylazine (5 mg/kg). After providing the
general anesthesia, the surgical area of each rat was
shaved and washed with povidone iodine solution.
Next, a 15-mm long incision was created on the right
femoral bone, and the soft tissues and periosteum
were dissected in order to reach the metaphyseal part
of the femoral bones (11). Implant sockets were
created using drills (point drill, 1.2-mm, 1.8-mm, and
2.2-mm diameter drills were used), with perfusion of
saline, and titanium implants were inserted into the
metaphyseal part of the femurs, with primary
stabilization. Next, the soft tissues were repositioned
and sutured with 4-0 resorbable polyglactin sutures.
The rats were then intramuscularly injected with an
antibiotic (40 mg/kg cephalasporin) and analgesic (0.1
mg/kg tramadol hydrocloride) to prevent infection and
pain. All these procedures were performed by the
same researcher.

Histological Analysis: Any fatal and non-fatal
complication such as wound infection was not detected
during the 8 week experimental peirod. Next, the rats
were sacrificed, and titanium implants, along with the
surrounding bone tissues, were harvested and fixed in
a 10% formalin solution for 1 week. A non-decalcified
histological analysis was performed at the Faculty of
Dentistry, Research Laboratory, Erciyes University,
Kayseri, Turkey. For the histological analysis, the
titanium implants and surrounding bone tissues were
embedded in 2-hydroxyetylmetacrylate and were cut
using an Exakt® microtome (Germany). After cutting
the specimens in the middle, each section was ground
using an Exakt® grinder to obtain 50-um-thick sections
for performing light microscopy analysis. Histological
staining for BIC analysis was performed using toluidine
blue. Bone-implant connection was analyzed using a
light microscope and an image analyzer (Nikon, Japan)
at the Department of Microbiology Laboratory, Faculty
of Medicine, Firat University, Elazig, Turkiye. The BIC
ratio of each specimen was calculated as the ratio of
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the implant surface directly touching the bone to the
total implant surface length (1, 3, 4, 7).

Statistical Analysis: A statistical analysis was
performed using SPSS for Windows software (USA).
Data for each group was shown as mean * standard
deviation. Differences between the groups were
detected using a one-way ANOVA test. Tukey’s honest
significant difference test was used to determine the
group that caused these differences, and P<0.05 was
considered statistically significant.

Results

The results of the histomorphometric analysis of
the BIC in all the groups are shown in Table 1. The BIC
ratios of the rats in the ZA dose 1 and ZA dose 2
groups were higher than those of the rats in the control
(P<0.05). However, no statistically significant
differences were observed in the BIC ratios of the rats
in the ZA dose 1 and ZA dose 2 groups although in ZA
dose 2 group the BIC ratios higher numerically (Figure
1 A, B, C) (Table 1) (P>0.05).

7 Al

Figure 1. Non-decalcified histologic images of the A:
Control group, B: Zoledronic Acid Dose 1 Group, C:
Zoledronic Acid Dose 2 Group (40 times magnification,
Toluidin Blue. *: Implant surfaces without bone implant
connection, ¥: Implant surfaces with bone implant
connection )

Table 1. Bone implant connection ratios (%) of the
groups (n=7)
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Groups Bone Implant Connection Ratios (%) P
MeantStd

Control 52.49+3.76

ZA Dose 1 61.73+3.48° <0.05*

ZA Dose 2 65.1116.9°

*One-way ANOVA, P Tukey HSD, ? Statistically significant
different compared with the controls.

Discussion

The researchers conducted various experimental
animal studies (e.g., on sheep, dogs, pigs, rats, and
rabbits) to evaluate the BIC of titanium implants in
dental implant studies (3, 4, 6, 10-13). Rats are
preferred in such studies because of their advantages,
such as ease of use, appropriate bone size, and
cheapness. In addition, rats had an earlier tissue
reaction to the administered drug than the other
experimental animals, such as rabbits, cats, and dogs,
and the shorter working time makes them preferential
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in experimental animal studies (10, 11). Therefore, this
study was conducted with a well-established rat model
for investigating the process of titanium implant
osseointegration after the BIC period.

According to the results of our work, we thought
that systemic ZA application could be effective for the
improvement and maintaining of osseointegration after
a 4-week BIC period. Data from bone cell culture
studies showed that, even at very low concentrations,
the use of BPs increases bone formative parameters.
BPs have a direct inhibitor effect on osteoclasts and
can affect bone formation due to this property.
Osteoclast function may be modified by the production
of an osteoclast inhibitor factor produced by
osteoblasts after exposure to BPs (3, 9, 14). Bone
remodulation, a lifelong process that continues after a
successful BIC period, is an important factor for
maintaining osseointegration. During bone remodeling
process, the cells of the osteoblastic line control the
activity of osteoclast cells (15). Bisphosphonates are
known to increase the growth and maturation and
reduce apoptosis of osteoblastic cells. All these data
support the suggestion that BPs have an enhancing
effect on bone tissue and promote bone tissue
formation. Therefore, target cells of BPs may also
include osteoblastic-derived cells. In past studies, BPs
have been shown to increase the proliferation of
osteoblasts and the biological synthesis of collagen
and osteocalcin by bones at the cellular level (3, 7, 10).

The maxillary and mandibular bones tissue differ
from long bones in several ways. The jawbone is made
up of the neural crest mesoderm, mainly occurring by
intramembranous ossification, mostly containing fat
marrow. The jawbone is chronically exposed to the
external environment and microorganisms. Another
distinct feature of the jaw bones is their susceptibility to
osteonecrosis associated with BP treatment (15, 16).
Although BP related osteonecrosis of the jaws is a rare
side effect of BP treatment, the severity of the cases
and the absence of any known pathophysiology or
effective treatment methods make it an important
problem in dentistry. To our knowledge, there is no
data on the association between single-dose
administration and possible side effects of BPs after
the BIC period (7, 17, 18).

The effects of ZA on the osseointegration of
implants in various animal models was investigated
(rabbit, rat, and dog), and in all of them, ZA has been
reported to increase bone implant fusion with systemic
ZA application (3, 7, 10, 11, 19). Moreover, mechanical
attachment of the orthopedic implant and peri-implant
bone density has been shown to be enhanced by dose-
dependent systemic ZA administration. In an
experimental animal study, Yildiz et al. (20) evaluated
whether ZA affects bone healing around titanium
implants placed in ovariectomized rabbits. The authors
concluded that ZA can inhibit the negative effects of
estrogen hormone deficiency on bone healing around
titanium implants placed in ovariectomized rabbits.
Dundar et al. (3) reported that both systemic and local
ZA application increased the BIC in a female rabbit
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model with 2 different implant surfaces. Additionally,
Dundar et al. (3) reported that systemic ZA is a more
effective method of improving BIC when compared with
the local application. Dikicier et al. (10) reported similar
results in their ovariectomized rat study. They reported
that ZA application increased the BIC in
ovariectomized rat tibias. In another study, Wise et al.
(21) reported that ZA affects some of the material
properties of cortical bone tissues and enables the
newly formed subperiosteal bone to remain and,
therefore, affects the overall quality of the bone in total
hip arthroplasty. In addition, single-dose ZA application
significantly reduced bone resorption in orthopedic joint
replacement. After the repair of low trauma hip fracture,
annual ZA infusion was associated with a reduction in
the rate of new clinical fractures and improvement in
survival (22).

In the present study, ZA was systematically
administered as a single dose of 0.1 mg/kg and 0.2
mg/kg after the 4-week BIC period. The blood
concentration of the drug has been shown to decrease
gradually over a 28-day period. Thus, a repeat dose of
ZA could be administered 28 days after the initial single
dose, if required, so we waited 28 days after the
application of the ZA (4). Therefore, in the present
study, we thought the administration of a systematic
single dose of 0.1 mg/kg and 0.2 mg/kg of ZA would be
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effective to improve and provide long-term protection of
the osseointegration of the titanium implants after the
4-week BIC period.

In conclusion, our results confirmed that systemic
zoledronic acid could increase the bone implant
connection after the osseointegration period.
Additionally, while the results of previously conducted
studies and the present study show positive effects,
new studies on an optimum dosage that can possibly
affect the bone implant connection after the
osseointegration period and a mode of application
have yet to be conducted. Additional studies are
required to evaluate the effects of re-dosing on
enhancing the bone implant connection of the dental
implant after the osseointegration period compared
with the application of a single dose.
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