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Abstract

Dental implants are prosthetic devices that are surgically
placed in direct contact with the jawbone to support
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intra-oral functions and esthetics. Diabetes mellitus may
contribute to peri-implant bone loss. During the last few
years, there have been attempts to reduce this bone loss
and improve the survival rate of implants. Metformin, an
anti-diabetic drug known for its osteogenic properties, is
thought to prevent peri-implant bone loss in diabetic
patients. Although several studies have been conducted to
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study metformin’s effect on diabetic and non-diabetic
study models, no systematic review has analyzed and
summarized these studies critically. Therefore, the ob-
jectives of this systematic review were to summarize the
outcomes of these studies and critically appraise them.
Seven studies were included in this systematic review.
Four studies used only animal models, two used both
animal and cell culture models, and one used only cell
culture studies. The general characteristics and outcomes
of the included studies were summarized, and Animal
Research: Reporting of In Vivo Experiments (ARRIVE)
guidelines were used to assess the quality of the animal
studies. In vitro studies indicate that metformin may
induce stem cells to undergo osteoblastic differentiation
to produce a higher amount of bone and may also
improve osseointegration. Nevertheless, several studies
had potential sources of bias. Therefore, it is recom-
mended that emphasis be placed on increasing the quality
of future animal studies and human trials to determine
the effects of metformin on the osseointegration of dental
implants. Future studies are needed with adequate
follow-up to evaluate the efficacy of metformin in
improving the osseointegration of dental implants.

Keywords: Bioactivity; Dental implants; Diabetes mellitus;
Metformin; Osseointegration; Surface coating
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Introduction

To support prosthodontic and orthodontic devices, dental
implants are surgically implanted into the mandibular or
maxillary bone.! For a dental implant to be deemed
successful, it should have direct contact with the bone, a
process known as osseointegration.z Implants fail if there is
a lack of osseointegration.3 Several factors may contribute
to implant failure. Systematic disease such as diabetes and
osteoporosis may increase implant failure rates.? Studies
have also demonstrated that dental implants may fail at a
higher rate in immunocompromised patients compared to
immunocompetent individuals.” Local factors such as
parafunctional habits and smoking may further contribute
to peri-implant bone loss and lack of osseointegration.'
Although various drugs, surface modifications, and growth
factors have been proposed to improve osteointegration,
preventing peri-implant bone loss remains a significant
challenge.’

Diabetes mellitus (DM) is a group of metabolic disorders
that result in higher-than-normal blood glucose levels.® The
World Health Organization estimates that approximately
422 million individuals are affected by DM worldwide.’
There are three main types of diabetes mellitus: type 1
diabetes mellitus (DM1), type 2 diabetes mellitus (DM?2),
and gestational diabetes (GD).9 DM1 results from the
autoimmune destruction of beta cells (responsible for

producing insulin) in the pancreas. Since insulin controls
blood glucose levels, diminished hormone levels result in
excessive blood glucose levels.'" DM2, on the other hand,
results from cells developing insulin resistance, leading to
increased levels of glucose in the blood.!" GD occurs in
pregnant women with no previous history of diabetes.
Uncontrolled diabetes leads to worsening attachment loss
in patients with periodontitis.'"'> High glucose levels
trigger the production of advanced glycemic end products,
leading to the destruction of periodontal tissues.
Similarly, uncontrolled diabetes also leads to increased
bone loss around dental implants, which may result in
implant failure'* due to increased inflammation and
impaired periodontal healing.

Metformin is an oral biguanide antidiabetic drug.”‘ Itisa
commonly used medication administered to patients with
DM2. Metformin improves periodontal health by
controlling blood sugar levels and increases outcomes of
periodontal therapy.17 More recent studies have indicated
that it may have a direct antiresorptive effect on periodontal
bone.'® Metformin inhibits bone resorption by reducing
receptor activator of nuclear factor kappa B ligand
(RANKL) expression and increasing osteoprotegerin
(OPG) expression.'g Studies have also suggested that local
delivery of metformin promotes osteoblastic activity and
decreases osteoclastogenesis. 18

To date, no systematic review has critically analyzed the
outcomes and quality of the literature focusing on studying
local and systemic metformin to promote or improve
osteointegration of dental implants. Therefore, the focus of
this review was to summarize the general characteristics,
outcomes, and overall quality of the studies to ascertain the
current status of metformin as a pro-osteogenic agent that
improves the osseointegration of dental implants in diabetic
patients and healthy individuals.

Materials and Methods
Focused question

Using the PICO procedure (Participants, Intervention,
Control, and Outcomes) recommended in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines,”” the following focused question was
constructed: “Compared to controls, does metformin
improve the osseointegration and osteoconductive
properties of dental implants in animal models?”

Search strategy

An electronic search was conducted using the Medical
Subject Headings phrases (diabetes mellitus) AND ((met-
formin) AND (dental implant) and (osseointegration)) in
PubMed, published from January 2011 to August 2022. A
similar search was conducted via Google Scholar, Embase,
ISI Web of Knowledge, and Cochrane Central Register of
Controlled Trials (CONTROL). A secondary search was
done by cross-checking the reference lists of the articles
meeting the inclusion criteria for additional studies relevant
to this review. Two independent reviewers (VP and SN)
looked over the titles and abstracts of all articles found using
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the search approach, weeding out those that are not relevant.
For all potential studies, full publications were assessed by
the two reviewers for inclusion. Additionally, the reference
lists of the articles included were also read to find any
additional reports that may have met our inclusion criteria.
The PRISMA flow diagram for the literature search process
is illustrated in Figure 1. The Kappa score (inter-examiner
reliability score) was also calculated.

Eligibility criteria
All identified studies were assessed using the following
predefined eligibility criteria. Those studies were included

that met the following criteria:

a) Prospective clinical studies
b) Animal studies

¢) Cell studies

d) Studies reporting effect of metformin on animal or human
periodontal cells and osseointegration of dental implants

¢) Studies in the English language.

Following studies were excluded from the systematic
review:

a) Review articles (narrative and systematic)
b) Short communications

c) Letters to editors

d) Data extraction

The data in the animal studies were extracted by in-
vestigators VP, MSKS, and ZK using a predetermined data
collection form that comprised of numerous headings: au-
thors and year of study, type of animal model, and number of
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Figure 1: A PRISMA flow diagram for the search methodology employed for this systematic review.
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subjects, duration of study, intervention and main outcomes.
The same investigators retrieved data from in vitro experi-
ments and tabulated it according to the technique, cell line
employed, metformin concentration used, variables assessed,
and overall outcome. Any disagreements were solved by
discussion. A third investigator SN and fifth investigator
MSZ validated the tables.

Quality assessment of studies

Three investigators, VP, MSKS, and ZK, independently
assessed the quality of procedures used in the investigations
using the Animal Research: Reporting of In Vivo Experiments
(ARRIVE) guidelines. Any arising disagreements were solved
by discussion. The quality of parameters related to title, ab-
stract, introduction, methodology, results, and discussion
were assessed to determine the quality of each study. Table 1
shows the details of the items assessed in each experiment.

Results
Results of literature search

There were 436 studies found in the first search. The
complete texts of 14 articles were obtained after irrelevant
papers were eliminated based on titles and abstracts. Seven
studies were eliminated from the analysis. 222721 Table 2 lists
the studies that were omitted as well as the grounds for their
deletion. After checking the reference lists of the full texts, no
new research were found. Therefore, six animal studies and a
cell study were included in this review for data synthesis and
quality assessment.”** Two studies included both cell
cultures and animal models’”* and four studies included
only animal experiments.28’29’31’32 One study only described
cell culture (in vitro) experiments.3 * The kappa score was
calculated as 0.83.

Table 1: Details of the items assessed in each study to conduct the quality assessment. Adapted from the Animal Research: Reporting of

In Vivo Experiments (ARRIVE) guidelines.>!

Study characteristics Item no. Description

Title 1 Provide as accurate and concise a description of the content of the article as
possible

Abstract 2 Provide an accurate summary of the background, research objectives,
including details of the species or strain of animal used, key methods, principal
findings and conclusions of the study.

Introduction

Background 3a Include sufficient scientific background (including relevant references to
previous work) to understand the motivation and context for the study and
explain the experimental approach and rationale.

3b Explain how and why the animal species and model being used can address the
scientific objectives and, where appropriate, the study’s relevance to human
biology.

Objectives 4 Clearly describe the primary and any secondary objectives of the study, or
specific hypotheses being tested.

Methodology

Ethical statement S Indicate the nature of the ethical review permissions, relevant licenses (e.g.
Animal [Scientific Procedures] Act 1986), and national or institutional
guidelines for the care and use of animals, that cover the research.

Study design 6a The number of experimental and control groups.

6b Any steps taken to minimise the effects of subjective bias when allocating
animals to treatment (e.g. randomisation procedure) and when assessing results
(e.g. if done, describe who was blinded and when).

6¢ Any steps taken to minimise the effects of subjective bias when allocating
animals to treatment (e.g. randomisation procedure) and when assessing results
(e.g. if done, describe who was blinded and when).

Experimental procedures Ta How (e.g., drug formulation and dose, site and route of administration,
anesthesia and analgesia used [including monitoring], surgical procedure,
method of euthanasia). Provide details of any specialist equipment used,
including supplier(s).

7b When (e.g. time of day).

7c Where (e.g. home cage, laboratory, water maze).

7d Why (e.g. rationale for choice of specific anesthetic, route of administration,
drug dose used).

Experimental animals 8a Provide details of the animals used, including species, strain, sex,

developmental stage (e.g. mean or median age plus age range) and weight (e.g.
mean or median weight plus weight range).

(continued on next page)
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Table 1 (continued)

Study characteristics Item no. Description
8b Provide further relevant information such as the source of animals,
international strain nomenclature, genetic modification status (e.g. knock-out
or transgenic), genotype, health/immune status, drug or test naive, previous
procedures, etc.
Housing and husbandry 9a Housing (type of facility e.g. specific pathogen free [SPF]; type of cage or

housing; bedding material; number of cage companions; tank shape and
material etc. for fish).

9b Husbandry conditions (e.g. breeding program, light/dark cycle, temperature,
quality of water etc for fish, type of food, access to food and water,
environmental enrichment).

9¢ Welfare-related assessments and interventions that were carried out prior to,
during, or after the experiment.

Sample size 10a Specify the total number of animals used in each experiment, and the number
of animals in each experimental group.
10b Explain how the number of animals was arrived at. Provide details of any
sample size calculation used.
10c Indicate the number of independent replications of each experiment, if
relevant.
Allocation of animals 11a Give full details of how animals were allocated to experimental groups,

including randomisation or matching if done.
11b Describe the order in which the animals in the different experimental groups
were treated and assessed.

Experimental outcomes 12 Clearly define the primary and secondary experimental outcomes assessed (e.g.
cell death, molecular markers, behavioral changes).

Statistics 13 Appropriate statistics carried out on outcomes of each experimental group
(including inter-group comparison if applicable)

Results

Baseline data 14 For each experimental group, report relevant characteristics and health status
of animals (e.g. weight, microbiological status, and drug or test naive) prior to
treatment or testing.

Number analyzed 15a Report the number of animals in each group included in each analysis.

15b If any animals or data were not included in the analysis, explain why.

Outcomes & estimation 16 Report the results for each analysis carried out, with a measure of precision
(e.g. standard error or confidence interval).
Adverse effects 17a Give details of all important adverse events in each experimental group.

17b Describe any modifications to the experimental protocols made to reduce
adverse events.

Discussion
Interpretation/scientific implications 18a Interpret the results, taking into account the study objectives and hypotheses,
current theory and other relevant studies in the literature.
18b Comment on the study limitations including any potential sources of bias, any
limitations of the animal model, and the imprecision associated with the
results.
18¢c Describe any implications of your experimental methods or findings for the
replacement, refinement or reduction (the 3Rs) of the use of animals in
research.
Generalizability/translation 19 Comment on whether, and how, the findings of this study are likely to translate
to other species or systems, including any relevance to human biology.
Funding 20 List all funding sources (including grant number) and the role of the funder(s)

in the study

Table 2: A list of studies excluded and reasons for exclusion

General characteristics of studies
after reading the full texts.

Study

Reason(s) for exclusion

Shi et al. 20212

Khajuria et al. 2018*
Ma et al. 2009>°

Kim et al. 2017%*
Liang et al. 2020°°
Nagakawa et al. 2021
Nicolaev et al. 202177

26

No dental implants used;
retrospective study.

No dental implants used
No dental implants used
No dental implants used
No dental implants used
No dental implants used
Systematic review

Animal studies

The general characteristics of the animal experiments
conducted in the included studies are presented in Table 3.
All studies assessed the impact of metformin on
osseointegration in rats.”® 3 Two studies tested the effect
of metformin on implants placed in diabetic rats.’'*? In
one study, a genetic type 2 diabetic rat model (Goto-
Kakizaki rats) was used”” while in one study, diabetes was
induced by means of streptozotocin injections.31 In all



Table 3: General characteristics and outcomes of the included animal studies. DM, diabetes mellitus; BV, bone volume; BF, bone fill, BIC, bone-implant contact; BA, bone area; TV
trabecular volume; TT, trabecular thickness; and immunohistochemistry.

Study Animal Groups DM Implant Duration Method of Metformin Method of Other variables DM outcomes Osteointegration
model (n) inclusion details of study metformin dose osseointegration assessed outcomes
Test (n) Control (n) .. .. .
criteria administration assessment
Inouye et al.  Wistar-Kyoto DM + MET  Non-DM, Not defined 3 x I mm, 4 weeks  Fed in water 100 mg/kg/day Micro-CT: BIC, Blood glucose, MET reduced No significant
2014%2 rats (non-DM) (n = 12) no treatment Ti; replacing BV, TN, BMD HbAlc, and glucose levels  effect of MET
(n=12) DM (n=12) (n=12) right maxillary at weeks 1 pyridinoline in diabetic observed on
Goto-Kakizaki molars and 4 mice. BIC and TN
DM rats (24) in diabetic
rats. MET
improved BV
in diabetic rats.
Bastos et al.  Wistar rats MET (n = 10) No treatment N/A 4.0 x 2.2 mm, 30days Gavage 40 mg/kg/day Histo: BIC, BA IHC: RANKL- Not measured MET reduced
2017 (n = 20) (n = 10) Ti; placed and OPG- BIC and BA,
in tibia positive cells and increased
number of
RANKL+ cells.
Serrdo et al.  Diabetic rats DM (n = 10) Non-diabetic, >300 mg/dL 4.0 x 2.2 mm, 30days Gavage 100 mg/kg/day Histo: BIC, BA THC: RANKL- Not measured MET did not
2017°" (n = 30) DM + MET  no treatment Ti; placed and OPG- have significant
(n = 10) (n = 10) in tibia positive cells effect on BIC
and BA but
increased
OPG+ cells,
decreasing
RANKL/OPG
ratio.
Lin et al. Sprague Sham surgery Not specified None 3 x 1.5 mm, 14 days  Injected into 20 mg/ml/day  Micro-CT: IHC: Calcified Not measured MET accelerated
20207 Dawley rats (n = 10) Ti; replacing implant site BV/TV %, bone matrix osseointegration
(n = 30) OVX 4 MET right maxillary (in PBS) TT, TS, TN and bone
(n = 10) molars formation in
OVX only osteoporotic
(n = 10) rat model.
Yildirim et al. Sprague MET (n = 10) No treatment N/A 4 x 2.5 mm, 28 days  Gavage 40 mg/kg/day  Histological: None Not measured MET induced
20207 Dawley rats (n = 10) Ti; placed BF ratios higher periimplant
(n = 20) in tibia BF ratios.
Sun et al. Wistar rats MET-50 No treatment N/A 3 x 2 mm, 4 weeks  Gavage MET-50: Histo: BIC None Not measured MET increased
2021°%° (n = 18) (n = 6) (n = 6) Ti; placed 50 mg/kg/day BIC. 100 mg/kg/day
MET-100 in femur MET-100: Met had higher
(n=6) 100 mg/kg/day impact on BIC

than 50 mg/kg/day.

012 ]oInd A

10T
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other studies, healthy rats were used.?8730:33

studies using healthy rats, two studies used Wistar rats’
and two studies used Sprague-Dawley rats.”>  Two
studies compared the effect of metformin on the
osteointegration in diabetic rats not receiving metformin
and those receiving metformin with healthy rats not
receiving any treatment.’’*” In three studies, metformin’s
effect on osseointegration was compared to dental implants
placed without any treatment among healthy rats.”* " In
one of these studies, the effect of metformin at doses of 50
and 100 mg/kg/day were also evaluated.” In one study, the
effect of metformin on osseointegration in rats with
osteoporosis (induced by ovariectomy) was compared to
osseointegration in rats that had undergone sham surgeries
and osteoporotic rats that had received no treatment. >
Among the two studies in which diabetic rats had been
used, only one study mentioned the inclusion criteria for
diabetic rats which was >300 mg/dl.” In all studies,
titanium implants were used with lengths ranging from 3 to
4 mm and diameters ranging from 1 to 2.5 mm. >

The duration of the studies ranged from 14 to 30 days.
In four studies, metformin was administered via gavage.
In one study, metformin was locally administered at implant
sites,3 3 while in one study, metformin was fed to the rats in
water.”” In five studies, doses of metformin ranged from 20
to 100 mg/kg/day,zs*32 and in one study, a dose of 20 mg/
ml/day  was administered.” Two studies assessed
osteointegration via microcomputed tomography (micro-
CT).‘Q’33 In one of these studies, micro-CT was used to mea-
sure bone implant contact (BIC), bone volume (BV), trabec-
ular number, and bone mineralization density at weeks 1 and
4% In the other study, micro-CT was used to assess BV/
trabecular volume percentage (TV%), trabecular thickness,
trabecular separation, and trabecular number.’’ In four
studies, only histological examination was used to assess
osteointegration.2873 " Two studies assessed BIC and bone
area (BA) histologicallyzg’3 " and one study only assessed
BIC.*" One study assessed only assessed bone fill via
histology.28 Finally, only one study assessed effect of
metformin on indicators of diabetes (hemoglobin Alc and
blood glucose levels).3 2

Among the
9,30

28—33
28—31

Cell studies

Two studies described the effect of metformin on bone
marrow-derived stem cells (BMSCs) obtained from rats. 334
One study used BMSCs obtained from DM?2 and healthy
patients.m In one study, healthy rat BMSCs were cultured
on titanium samples that were exposed to 50 puM
metformin, and the cellular activity and growth were
compared with titanium samples not treated with
metformin33. It was observed that metformin exerted
osteogenic, anti-aging, antioxidative, and pro-autophagic
effects on the cells.”® In another study, titanium was
modified by means of anodization and chitosan coating to
produce metformin-releasing surfaces to study its osteo-
genic effect on rat BMSCs.** The general characteristics of
the cell experiments are presented in Table 4.

Main outcomes

In three of the six included animal studies, micro-CT and
histological assessment indicated that metformin improved
osteointegration in diabetic or healthy rats.”®%*? In one

Table 4: General characteristics and the outcomes of the cell (in vitro) studies included in this review. DM, diabetes mellitus; BMSCs, bone marrow derived stem cells; RT-PCR, real-time

polymerase chain reaction; BMP, bone morphogenic protein; ALP, alkaline phosphatase; histo, histology; UV, ultraviolet; Ti, titanium.

Study

General outcomes

Variables assessed

Metformin

Cell line used

Methodology

concentration
50 uM

MET had osteogenic, anti-aging,
antioxidative and pro-autophagic

effects.

Autophagy markers

Rat BMSC

Cells from animal models on Ti

Lin et al 2020 [33]

(LC3), ROS, production,

samples for in vitro experiments

senescence proteins (P16, P21,

and P53), and osteogenic
differentiation markers

(Runx2, OCN, and ALP)

Metformin release

MET-chitosan coated implants

N/A

Rat BMSC

Ti implants coated with TiO2

Hashemi

had a sustained release of MET.
MET promoted pro-osteogenic

effect.

(UV spectrometry), ALP activity
and expression, type I collagen

expression

nanotubes coated with chitosan

et al 2020 [34]

releasing MET. Cells cultured on
untreated Ti, anodized Ti and

anodized Ti coated with

MET-chitosan samples.

MET had a dose dependent

ALP detection, alizarin red

DM group: 0, 100, 200,

Human BMSC

from diabetic
and healthy

BMSCs derived from the alveolar
patients

Sun et al 2021 [30]

positive effect on osteogenesis

staining, RT-PCR and Western

300, 400, and 500 pM

bone particles acquired from the

implant bed of normal and

DM2 patients.

when <200 uM but decreased

blotting (anti-p-AMPK, AMPK,

BMP-2, Smadl, Runx-2

osteogenesis when >200 pM.

Healthy group: (0, 50,
and 100 uM

MET had pro-osteogenic effect
on BMSCs from normal and

DM2 individuals.
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Table 5: Results of the quality assessment of the included studies. The details of the items are provided in Table 2.

Study characteristics

Item no. Inouye et al. Bastos et al. Serrdo et al. Lin et al. Yildirim et al.

Sun et al. 2021°°

2014* 20177 2017°! 20207 2020°°
Title 1 1 1 1 1 1 1
Abstract 2 1 1 1 1 1 1
Introduction
Background 3a 1 1 1 1 1 1
3b 0 0 0 0 0 0
Objectives 4 1 1 1
Methodology
Ethical statement 5 1 1 1 1 1 1
Study design 6a 1 1 1 1 1 1
6b 0 1 1 1 1 1
6¢ 1 1 1 0 1 1
Experimental procedures Ta 1 1 1 1 1 1
7b 0 0 0 0 0 0
Tc 0 0 0 0 0 0
7d 0 0 0 0 0 0
Experimental animals 8a 1 1 1 1 1 1
8b 1 1 0 0 0 0
Housing and husbandry 9a 0 1 1 0 0 1
9b 0 0 0 0 0 0
9c 0 0 1 0 0 0
Sample size 10a 1 1 1 1 1 1
10b 0 1 1 0 0 0
10c 0 0 0 0 0 0
Allocation of animals 1la 1 1 1 1 1 1
11b 0 0 0 0 0 0
Experimental outcomes 12 1 1 1 1 1 1
Statistics 13 1 1 1 1 1 1
Results
Baseline data 14 0 0 1 0 1 0
Number analyzed 15a 1 1 1 1 1 1
15b 1 1 1 0 0 0
Outcomes & estimation 16 1 1 1 1 1 1
Adverse effects 17a 0 0 0 0 0 0
17b 0 0 0 0 0 0
Discussion
Interpretation/scientific implications 18a 1 1 1 1 1 1
18b 0 1 1 0 0 0
18¢c 0 1 0 0 0 0
Generalizability/translation 19 1 1 1 1 1 1
Funding 20 1 1 1 1 1 1
Overall quality of study Low Medium Medium Low Low Medium

study, metformin negatively affected osseointegration in
healthy rats and increased the number of RANKL+ positive
cells.”” In one study, metformin did not have a significant
impact on diabetic rats.’! Finally, in one study, metformin
improved osteointegration in osteoporotic rats.”” In the vitro
experiments, metformin showed osteogenic, anti-aging, anti-
oxidative, and pro-autophagic effects on rat BMSCs,* and
another study showed dose-dependent pro-osteogenic effects
on human BMSCs isolated from healthy and diabetic sub-
jects.3 0 Similarly, in one study metformin released from
surface-modified dental implant promoted osteogenesis in
rat BMSCs.*

Results of quality assessment

Overall, three studies were deemed medium quality”” '
and three studies received a low-quality grading.zx“u“33
None of the studies received a high rating. The details of

the scores received by each in each category are provided
in Table 5.

Discussion

The purpose of this systematic review was to examine the
literature with a focus on the effect of metformin on the
osteogenic qualities of titanium and its osteointegration in
the jaws. It can be concluded that, overall, metformin may
have a favorable impact on the osteogenic properties of stem
cells or the osseointegration of dental implants.38'30’32’33
Furthermore, the data from these studies also provide
insights into the mechanism of action of metformin in
affecting the osseointegration of dental implants. Serrdo
et al.’! suggested that although metformin does not have a
significant impact on the osteoclastic activity, it promotes
osteoblast activity as indicated by the upregulation of
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OPG in the peri-implant tissue of diabetic and non-diabetic
rats.

Metformin is a drug that is used for the management of
DM2. It acts mainly by reducing blood glucose levels by
opposing the signaling of glucagon in the liver.'® In diabetes-
associated periodontitis, metformin may reduce the severity
of the disease by lowering the glucose-mediated inflammatory
cascades in the periodontal tissues. Reduction of blood glucose
would help improve periodontal health in patients with the
DM2. Indeed, studies focusing on the local application of the
drug as an adjunct to surgical and non-surgical periodontal
therapy have suggested that it may directly affect periodontal
tissues. ~ More recent studies indicate that metformin has anti-
inflammatory and antioxidative effects on periodontal tissues
and may have a similar impact on peri-implant tissues.>”
Moreover, metformin may also counter the effects of
lipopolysaccharides, an endotoxin produced by
Porphyromonas gingivalis, a major periodontal pathogen.3 3,36
It is not surprising that metformin was observed to improve
the bone implant in some studies included in this review.

The direct impact of metformin on peri-implant bone may
be ascertained by the results obtained by Lin et al.,”® who
observed that metformin might improve bone formation
around dental implants in rats that had undergone
ovariectomy to induce osteoporosis. This opens an exciting
avenue of using metformin in osteoporotic patients to
adjunct conventional osteoporotic treatment in patients
receiving dental implants.

When a dental implant is placed in living tissue, it triggers
a cascade of inflammatory and foreign body reactions.’
Studies have also revealed that dental implants may induce
a higher production of reactive oxidative species,
contributing to peri-implantitis and early implant failure.’’
Since in vitro experiments conducted on rat BMSCs reveal
that metformin also has anti-aging, antioxidative and pro-
autophagic effects in addition to osteogenic properties,
metformin may have a protective effect on the implant-bone
interface.’ Nevertheless, to date, very few studies have been
conducted that have evaluated the effect of metformin on
implants placed in diabetic mice or on cells isolated from
diabetic mice.>’"3? Therefore, to date, it is unknown if
intake or administration of metformin has any benefits on
osteointegration in diabetic patients. Indeed, in studies that
included  diabetic = animal models to  compare
osseointegration in diabetes with healthy models,”"*
metformin had no significant impact on osseointegration.
Additionally, in one study, metformin had a negative effect
on bone-implant contact,”” which could potentially affect
the drug on dental implants. Therefore, more studies on
the dose-dependent effect of metformin on the outcomes of
dental implant placement are necessary. Furthermore, it is
unknown if the age of the dental implants and/or time of
implant placement is a factor that may impact the interaction
of dental implants with the peri-implant tissues.

The studies included in this systematic review had several
limitations. First, none of the studies used additional
methods of evaluating osseointegration, such as resonance
frequency analysis. Using only histological examination and
micro-CT scanning are insufficient to deduce the bone-
implant interface. None of the studies measured implant
stability by resonance frequency analysis.3 8 Furthermore, the
duration of the studies was limited. Complete bone

regeneration or healing can take up to 6 months.” Hence,
there is a lack of knowledge regarding the long-term
impact of metformin on peri-implant bone regeneration.

The quality assessment of the studies revealed numerous
sources of bias and deficiencies in methodologies. None of
the studies justified using the selected animal models. Indeed,
since metformin is an antihyperglycemic agent, it is impera-
tive to use diabetic animal or human subjects if testing its
effect. Therefore, future studies should focus on diabetic
subjects. None of the studies adequately described the
experimental procedures according to the ARRIVE guide-
line, leading to underreported outcomes.

Furthermore, none of the studies reported the sequence of
the treatment groups, which may have led to allocation bias.
Only two studies described attempts to use a statistically
calculated predetermined sample size.””’! No study stated
the experimental replicate, which may have contributed to
unreported or biased outcomes. Moreover, no studies
described any non-experimental adverse effects observed in
the animal subjects during the experiments.

This systematic review had some limitations. First, no
clinical studies were found in the literature search relevant
to our focused question. Furthermore, due to the hetero-
geneity of the included papers, meta-analysis was not
possible, and only a qualitative assessment was possible.
As a result, the magnitude of metformin’s overall effect on
osseointegration and bioactivity of dental implants re-
mains uncertain.

Conclusion

Within the limitations of this review, it may be concluded
that metformin improves osseointegration by reducing blood
sugar levels and exerting a direct osteogenic effect on the
peri-implant tissues. However, due to several sources’ bias
and deficiencies in the methodology of the studies, more
long-term animal and human trials are required to ascertain
the overall impact of the drug on osteointegration dental
implants. Therefore, dentists should schedule regular follow-
up of patients who have received dental implants and are
using metformin.
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