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A B S T R A C T

Objectives: In this research it was aimed to that evaluation of the effects of systemic metformin administration on
the periimplant bone tissue response of TiAl6Va4 implants in experimental rat model.
Materials and method: Firstly TiAl6Va4 implants were inserted surgically in the metaphyseal part of the tibial
bone and after, the rats were randomly separated into two groups: Controls (CNT) (n = 10) and Metformin
group (M) (n = 10). No additional treatment was applied to the controls during the 4-week experimental period.
Rats received 40 mg/kg metformin in every day during the four week experimental period in M group. At the end
of the 28-day follow-up period, the TiAl6Va4 implants with surrounding bone were used for the histopathologic
analysis. To analysis of the datas between M and CNT Student-T Test was used.
Result: Periimplant bone tissue filling ratios (%) were detected higher in M group compared with the CNT
(P < 0.05).
Conclusion: Systemic administration of metformin may increases titanium implant osseointegration in non-
diabetic rats.

1. Introduction

Today, there are many studies on dental implantology that show
high clinical success rates.1,2 Despite this, one of the most interesting
topics in research related to implantology is improving the quality of
osteointegration. The most important reasons for this are the long time
period between insertion and loading and the presence of question
marks regarding clinical success in cases where bone quality is in-
sufficient.3,4

Previous studies were evaluated macro features,5 such as the shape
and groove character of the implant, and micro features,6 such as the
surface character of the implant.

The main purpose in the development of macro features is to pro-
vide ease of application and to increase the initial stability of the im-
plant.5 The aim of studies about micro features is to increase the bone
implant contact and, then, increasing the rapid progression of bone
healing cells to the implant surface.7,8

Despite poor bone quality, predictable success of osseointegration,
and for faster healing, includes biological products and biochemicals

that are generally applied systemically or topically in previous re-
search.9,10 For this purpose, the implant surface was covered in dif-
ferent materials, such as hydroxyapatite (HA), calcium phosphate,
bioactive glass, and ceramics bioactive polymers.6 In addition, the
following materials were used with the implants: platelet rich plasma
(PRP),11 melatonin,10 recombinant human bone morphogenetic protein
2 (rhBMP-2)12, and bisphosphonates.9

Metformin is an anti-diabetic drug commonly used in the treatment
of type 2 diabetes.13,14 It is effective on bone metabolism (osteoplast
and osteoclast differentiation) by reducing the receptor activator of
nuclear factor kappa B ligand (RANKL) expression and stimulating os-
teoprotegerin (OPG) expression.15

Previous studies suggest that Metformin has osteogenic effects on
bone marrow progenitor cells,16 increases the osteoblastic activity and
decreases osteoclastogenesis.17 Cortizo et al.18 detected that metformin
has a potential osteogenic effect by stimulating the differentiation of
preosteoblasts.

In a multicenter study conducted on diabetic patients, Metformin
treatment was found to reduce bone resorption.19 Different studies have
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suggested that Metformin enhances osteogenic activity by promoting
the differentiation of preosteoplasts to osteoblasts.18,20 Therefore, the
purpose of this research was to detect the effects of systemic Metformin
administration on the bone formation around titanium implants in rat
tibial bones.

2. Material and method

2.1. Research design and animals

Approval for this experimental research was obtained from the
Local Ethics Committee of the Animal Experiments of Firat University,
Elazig, Turkey (Protocol No: 2016/154, Date:February 16, 2017).
During the experimental period, the Helsinki Declaration on the pro-
tection of laboratory research animals was followed. This experimental
research was conducted on 20 healthy, adult, female Sprague Dawley
rats aged between 2.5 and 3 months and weighing from 220 to 230 g.
All the rats selected for this research were in the same estrus period for
standardization of the study.21 Vaginal smear method was used to de-
termine the estrus periods of the rats.

The rats had constant access to food and water. Standard conditions
were applied in the animal room (temperature of 22–24 °C, 12 h light or
dark). During the study period, the animals were placed in plastic cages
measuring 50 × 80 × 50 cm, with two rats in each cage.

For this research, TiAl6Va4 implants (Implance Dental Implant
System, AGS Medical, Istanbul, Turkey), with a diameter of 2.5 mm and
a length of 4 mm, were used.21 After two days of surgical procedures of
the TiAl6Va4 implants, the rats were randomly separated into two
groups, with similar mean weights in each group: the control (CNT)
(n = 10) and the Metformin (n = 10) groups. No further treatment was
given to the rats in the control group during the experimental phase of
the research, while 40 mg/kg of metformin was applied with oral ga-
vage every day to the metformin-experimental group for 28 days.

2.2. Surgical applications

All the surgical procedures were done under sterile conditions.
Xylazine (5 mg/kg) (Rompun 2%, Bayer, Istanbul, Turkey) and
Ketamine HCl (50 mg/kg) (Ketas, Eczacıbaşı-Warner Lambert, Istanbul,
Turkey) were administered to all the experimental animals by in-
tramuscular injection, and after the general anesthesia was given, sur-
gical integration procedures were performed.

The surgical site was properly shaved and wiped with povidone
iodine. Then, the skin on the tibial crest and periosteum in the right
tibia were cut with a scalpel (no:15), and the tibial metaphyseal bone
surface was exposed after the soft tissue dissection. The implant sockets
were prepared with suitable drills with saline irrigation.

Preparing the implant socket involved ensuring that the socket was
of sufficient size: 2.5 mm in diameter and 4 mm in length.21 Marking
drill was used first, and then implant sockets were prepared with drills
with diameters of 1.8 mm, 2.1 mm and 2.5 mm respectively. Machined
surfaced TiAl6Va4 implants (Implance Dental Implant System, AGS
Medical, Istanbul, Turkey) were inserted into corticocancellous bone in
the metaphyseal part of the tibial bone, and primary stabilization was
achieved. The incision site was closed with a vicryl 4-0 suture, and the
periosteum and skin were primarily closed. Postoperatively, an anti-
biotic (50 mg/kg penicillin) and an analgesic (0.1 mg/kg tramadol
hydrochloride) were given intramuscularly for three days to eliminate
infection and pain.21 All surgery procedures were performed by the
same person.

2.3. Histological analysis

No fatal complications (for example, wound formation and infec-
tion) were observed during the experimental period of our research.
Within the 28-day experimental period, one rat died in the control

groups (n = 9), Metformin groups (n = 10). At the end of the 28-day
follow-up period, the rats were euthanized under deep anesthesia.22

The tibia samples containing the titanium implants were put into a 10%
formalin solution for a week. All the non-decalcified histological pro-
cedures were completed at the Research Laboratory, Erciyes University
Faculty of Dental Medicine in Kayseri, Turkey. The TiAl6Va4 implants
with the surrounding bone tissue were embedded in 2-hydro-
xyethylmethacrylate for histological analysis, and an Exakt® microtome
(Germany) was used for cutting. The samples were first cut in the
middle, then each section was milled using an Exakt® grinder to obtain
50 μm thick sections for light microscopy analysis. Toluidine blue was
used for analysis of histological bone filling (BF). A stereological soft-
ware system (Nikon, Tokyo, Japan) was used by the author was cali-
brated and blinded to evaluate histomorphometry. Bone filling ratios
for every TiAl6Va4 implant was calculated by the ratio of the amount of
bone filled area to the total area of the region of interest. Region of
interest area determined by 0,5 mm distance from the apical, distal and
mesial part of every implant.23

2.4. Statistical analysis

SPSS 23.0 for Windows software (USA) was used for statistical
analysis. Mean ± standard deviation were given for each group. The
assumption of normal distribution of the data was analysed using the
Kolmogorov Smirnov test, and Student-t test were used to detect the
differences between the groups. The minimum number of animals re-
quired for the realization of the experimental design was determined by
power analysis; when 8% deviation, type 1 error (α) 0.05 and type 2
error (β) (Power = 0.80) and animals were divided into groups, at least
9 rats were needed in each group.6,22 When P < 0.05, the data com-
pared between the groups were considered statistically significant.

3. Result

According to the results of the histomorphometric analyses, the BF
ratios of the rats in the Metformin group were 55.50 ± 14.034, and in
the CNT group were 37.78 ± 13.017 (Table 1; Figs. 1 and 2). In
Metformin group BF ratio detected statistically higher when compared
with the CNT (p < 0.05).

4. Discussion

Dental implants are generally used successfully in the rehabilitation
of full or partial edentulous cases. But sometimes, early or late in the
process, implant failure is observed. Therefore, studies to determine the
factors that may hinder or help the bone healing process around tita-
nium implants have increased recently. The effects of Metformin on
bone metabolism have been investigated in many previous stu-
dies.13,15,24 Recent studies have shown that Metformin plays an im-
portant role in bone metabolism by affecting the differentiation of os-
teoblasts and osteoclasts.15,25 In addition, Metformin can suppress
osteoclastogenesis in cell cultures in a dose-dependent manner by re-
ducing RANKL expression and stimulating OPG expression.26 Other
studies in animals, which have evaluated the effect of Metformin on
bone, have shown that Metformin can increase bone mineral density

Table 1
Bone Filling (BF) Ratio (%) of Control and Metformin group.

Group Bone Filling (Mean _Std Dev) (%) p

Control group 37.78 ± 13.017 0.011*
Metformin group 55.50 ± 14.034

Total 20

Student's t-test p < 0.05.
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and reduce bone loss in rats.17,27 In addition, Metformin enhanced bone
healing in diabetic15 and non-diabetic rats.17,27

In the present research, we evaluated the effect of Metformin on the

bone healing around TiAl6Va4 implants in non-diabetic rats. The
finding of the research show that Metformin responds positively with
the bone healing around titanium implants and enhances the osseoin-
tegration process. The BF ratio was detected high in the test animals-
Metformin treated rats, when compared with the controls. The study
results agree with other research on animals, which also shows that
Metformin has a positive effect on osseointegration and bone repair in
rats.15,25 A study in rats shows that Metformin prohibit glucocorticoid-
induced bone resorption by preventing bone loss and increasing bone
formation in the trabecular bone.28

As for the present study, previous research has demonstrated that
other anti-diabetic drugs (for example, aminoguanidine and insulin)
may control the negative effect of diabetes mellitus on the bone around
implant in rats.29,30 The findings of this research were similar to those
of Siqueira et al.,31 in that the level of bone implant connection (BIC)
was similar in insulin-fed diabetic rats and non-diabetic control rats.
Inouye al.25 examined the effects of hyperglycemia and Metformin on
the healing of periimplant bone tissue. They divided thirty-six male rats
into 3 equal groups: non-diabetic rats; no further treatment was per-
formed during the study, diabetic rats and diabetic rats were given
metformin (100 mg/kg/day water) for 4 weeks. The study findings
suggest that in type 2 diabetes, bone healing is minimal, the remodeling
of bone around the implant is not sufficient, but Metformin may im-
prove bone healing.25 However, Boston et al.24 in non-diabetic rats,
examined the effects of the systemic metformin application on the bone
tissue response taking into account bone healing parameters. To ex-
perimental design twenty wistar albino rats were used and rats were
divided into two groups: Controls and Metformin group (40 mg/kg/day
by gavage). At thirty days after implant surgery, BIC were evaluated.
The result of this study suggested that Metformin adversely affected
osseointegration in non-diabetic rats by decreased the percentage of BIC
and increasing level of RANKL around titanium implants. In addition,
Serrao et al.15 assessed the possible effect of Metformin on the healing
of bone surrounding implants rats. Rats (10 per group) were assigned to
non diabetic, DM group (without metformin treatment) and
DM + Metformin treatment group (40 mg/kg/day by gavage, starting
on the 15th day after implant surgery). Rats were euthanized 30 days
after implant surgery. The finding of this study revealed that Metformin
had no effect on the decrease in bone healing due to hyperglycemia of
diabetic rats in a histometric analysis but increased the level of OPG
and reduced the RANKL/OPG ratio. The effects of Metformin on os-
seointegration in diabetic rats is different between studies. This differ-
ence may be due to the protocol of diabetes mellitus induction, the
threshold of serum glucose level to determined diabetes mellitus, the
glucose level when the implant was placed, and the method of eva-
luation of osseointegration.

The favorable effects of Metformin on bone could show differences
in the mechanisms defined on diabetics.15,32 Adenosine monopho-
sphate-activated protein kinase (AMPK) is important molecule on bone
metabolism, which regulates osteoclastogenesis and cellular senes-
cence.32,33 Aging bone cells produce a pro-inflammatory secretoma that
reduces bone formation and increases bone resorption. Metformin
eliminates aged cells or by reducing the production of pro-in-
flammatory secretomas; demonstrates protective bone loss in mice.32

Blümel et al.32 suggested that the use of Metformin was a protective
factor for bone resorption even without type 2 diabetes. Metformin, due
to its effect on AMPK, may have positive effects on bone metabolism by
increasing osteoblastic activity and reducing osteoclastic activity.34 To
the extent available, there is only one study examining Metformin's
implant bone connection in non-diabetic rats. Since the results of the
studies differ, more research is needed into the effect of Metformin on
osteointegration in non-diabetic rats.

5. Conclusion

The findings of this research reveal that systemic Metformin

Fig. 1. Section prepared without bone tissues decalcifying of the Control Group,
(20 times magnification, Toluidin Blue). Bone filled areas were measured width
0.5 mm from the distal, mesial and apical part of implants. Total area of region of
interest: Ă, non-bone areas: *, Bone filling areas: ¥ (Ă-*), Bone filling Ratios (%):
¥/Ăx100.

Fig. 2. Section prepared without bone tissues decalcifying of the Metformin
Group, (20 times magnification, Toluidin Blue). Bone filled areas were mea-
sured width 0.5 mm from the distal, mesial and apical part of implants. Total
area of region of interest: Ă, non-bone areas: *, Bone filling areas: ¥ (Ă-*), Bone
filling Ratios (%): ¥/Ăx100.
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application positively affects osseointegration by increasing the per-
centages of BF ratios. Statistically significant differences in BF were
detected between the dental implants of the control and Metformin
treatment groups during the four-week osseointegration period.
However, further research is required to clear whether systemic
Metformin application affects the BF in non-diabetic rats.
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