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Effects of anti-diabetic medications on the teeth, oral soft and
hard tissues, saliva, and implants: a scoping review
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Diabetes mellitus (DM) is one of the world’s most common non-communicable diseases. DM is a group of metabolic disorders in
which blood glucose levels increase due to reduced insulin production or action, resulting in hyperglycemia. Various anti-diabetic
medications, including insulin, metformin, glimepiride, glipizide, and thiazolidinedione, are used to control hyperglycemia in
diabetic patients. These anti-diabetic medications have been shown to affect the gingiva, bone, fibroblast cells, pulpal tissues,
dental stem cells, saliva, teeth, and oral microbiome. Metformin (a biguanide), insulin, and oral sulfonylureas (glipizide and
glimepiride) have regenerative and host-modulating effects. Metformin and insulin can promote the growth of osteoblasts (bone-
forming cells) and periodontal ligament fibroblasts and enhance the differentiation of mesenchymal stem cells to repair the lost
periodontal tissues. Metformin is used in both systemic and local forms as a gel or scaffolds along with periodontal therapy (scaling
and root planing) and surgical procedures to promote repair of periodontal tissues, alveolar bone defects, furcation defects, and
osseointegration of dental implants. Although the effect of metformin on oral tissues is well established, the role of other anti-
diabetic drugs on the oral and periodontal tissues is not comprehensively discussed. Thus, this review aims to discuss the positive
and negative effects of various anti-diabetic medications on the oral cavity.
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INTRODUCTION

DM is considered one of the most common non-communicable
metabolic disoder globally. DM is categorized as a group of
metabolic disorders where individuals have high glucose levels
(hyperglycemia) in the blood [1]. This is attributed to either
reduced or absent secretion of insulin from the pancreas, altered
or defective insulin action, or insulin resistance, or both [1,2].
There are various forms of DM, such as Type 1 or Type 2 DM,
gestational DM, or maturity-onset DM in young or adolescent
individuals [3]. Among these, Type 2 DM is the most prevalent
form worldwide [4,5]. It is noted that in the United States,
approximately 23.4 million adults are diagnosed with DM annually.
Among these, 90 to 95% are suffering from Type 2 DM, 81.6
million from prediabetes, and =18,000 people under age 20 years
have Type 1 DM [6].

The burden of DM is expected to rise exponentially in the
coming years. It is estimated that by 2045, around 783 million
people will have DM, increasing the risk of mortality and morbidity
[7]. With a marked rise in DM expected, it is crucial to prevent,
diagnose, and manage it at an early stage. It is also important to
understand the various complications associated with DM and
how it can be prevented. Neuropathy, nephropathy, retinopathy,
diabetic foot ulcers, skin infections, hearing impairment, and
Alzheimer’s disease are some of the known complications of DM.
Many oral and periodontal conditions, such as increased risk of
caries, altered salivary functions, xerostomia, bacterial and fungal
infections such as increased risk of candidial infection, periodontal

inflammation (gingivitis and periodontitis), rate of bone loss, tooth
mobility, multiple periodontal abscesses, and early tooth loss and
edentulism [8-12].

Periodontitis and multiple periodontal abscesses are considered
the 6th most common manifestations of DM. Increased oral and
periodontal inflammation in DM patients is attributed to the
increased formation and deposition of various glycation adducts,
such as ‘advanced glycation end products’ (AGEs) in the oral and
periodontal tissues, along with an increased free radical or reactive
oxygen species production and alteration in the oral microbiome
[12,13]. Apart from decreasing inflammation and inducing
microbial changes, chronic use of anti-diabetic medications such
as metformin (MF), insulin, glimepiride, glipizide, and thiazolidi-
nedione also has regenerative and host-modulating effects on the
oral tissues and their functions [14].

Studies have found that anti-diabetic medications have dual
(positive and negative) effects on the oral and periodontal tissues,
saliva, teeth, peri-implant tissue, osseointegration of the implant, and
oral microbiome [14-20] [Fig. 1]. Anti-diabetic medications like MF
and insulin have regenerative and host-modulating effects. MF and
insulin can promote the growth of osteoblasts (bone-forming cells)
and periodontal ligament fibroblasts and enhance the differentiation
of mesenchymal stem cells to repair the lost periodontal tissues
[Figs. 1 and 2]. MF in both systemic and local forms has been used as
an adjunct to non-surgical periodontal therapy (scaling and root
planing (SRP)) for controlling periodontal inflammation and promot-
ing regneration and repair of lost periodontal tissues [17]. Given that
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Effect of anti-diabetic medications on oral tissues
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« Insulin induces amelogenin and ameloblastin proteins which are associated with enamel formation (amelogenesis).

o Insulin interacts with the insulin-like growth Factors (IGF-I and IGF-Il) and affects the process of enamel biomineralization.

« Metformin induces osteoblast activity, promotes osteoblast production of osteoprotegerin (OPG) and receptor activator of
nuclear factor kappa B ligand (RANKL), thereby inducing bone formation and inhibiting bone resorption.

« MF improves the wound healing potential and reduced bone loss by inhibiting the interactions of advanced glycation end
products (AGEs) with its receptors of advanced glycation end products (RAGEs)

« Gliclazide reduce the formation of lipid peroxidation, prevent P13k signaling, and decrease Interleukin-1 beta (IL-1B) and Tumour
Necrosis Factor-alpha (TNF-a) levels in the periodontium and provided a positive effect in reducing bone resorption.

o Glyburide targets the NOD-like receptor protein 3 (NLRP3) inflammasome pathway and suppress the periodontal pathogen-
induced inflammation. Glyburide was able to inhibit the release of mature Interleukin-1pB (IL-1B) from THP-1 (a human monocyte

cell line) macrophage-like cells stimulated with periodontopathic bacteria

Fig. 1 Effects of various anti-diabetic drugs on oral tissues.
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Fig. 2 Effects of anti-diabetic drugs on teeth [enamel, dentin, pulp]

and human dental pulp stem cells.

Type 2 DM accounts for 90% of DM cases globally and chronic use of
anti-diabetic medications is common [14], understanding the precise
dual effects: positive, like MF's regenerative action [11], and negative,
like the potential for certain thiazolidinediones to reduce bone
mineral density [19,20], is critically important for oral health
specialists. This knowledge is essential for guiding clinical decisions
related to periodontal therapy, bone grafting, and dental implant
osseointegration. Though the effects of DM on the periodontium and
oral tissues are well established, the effects of anti-diabetic drugs on
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the oral cavity, which includes teeth, gingiva, periodontium, salivary
glands, and peri-implant tissues, are not comprehensively discussed.
This review aims to highlight and discuss the both the positive and
negative effects of various anti-diabetic medications on the oral cavity.

SEARCH STRATEGY, ELIGIBILITY CRITERIA, AND SELECTION OF
SOURCES OF EVIDENCE

The review was conducted following PRISMA-Scoping review
guidelines. Five search engines [PubMed, Web of Science, Scopus,
EMBASE, and Cochrane database] were searched using the following
keywords: “anti-diabetic medications” OR “anti-diabetic drug* OR
“oral hypoglycemic*” OR Metformin OR insulin OR “oral sulfonylur-
eas” OR glimepiride OR glipizide OR glyburide OR Gliclazide AND
“Oral cavity” OR periodontium OR “periodontal tissues” OR “gingival
fibroblast” OR “oral health” OR saliva OR teeth OR enamel OR dentin
OR alveolar bone OR “periodontal ligament” OR “gingival tissues” OR
gingiva OR Pulp* OR “peri-implant*” OR “dental implant*”.

The search was first conducted in September 2024 and updated
in April 2025. All the articles were compiled in the Rayyan
software, and duplicates were removed. After the removal of
duplicates, the authors (AA, AC) independently performed the title
and abstract screening for all the articles, and in case of any
discrepancy, a discussion with the third reviewer was made. The
studies were screened using the following eligibility criteria: All in-
vitro, in-vivo, animal studies, observational (cross-sectional, pro-
spective, retrospective studies), and analytical studies were
included. Any study reporting the effect of any anti-diabetic
medication used in any form, mode of administration/ delivery,
dose and reporting the effect on any of the following oral tissues:
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Table 1.

S/No Database
1 PubMed

2 Scopus

3 Embase

4 Web of Science

Search Strategy for different databases for including articles for the title and abstract screening.

Search string used

[anti-diabetic medications[Title/Abstract] OR “anti-diabetic drug*“[Title/Abstract] OR “oral
hypoglycemic*“[Title/Abstract] OR Metformin[Title/Abstract] OR insulin[Title/Abstract] OR “oral
sulfonylureas”[Title/Abstract] OR glimepiride[Title/Abstract] OR glipizide[Title/Abstract] OR
glyburide[Title/Abstract] OR Gliclazide[Title/Abstract] AND [“Oral cavity”[Title/Abstract] OR
periodontium[Title/Abstract] OR “periodontal tissues”[Title/Abstract] OR “gingival fibroblast”[Title/
Abstract] OR “oral health”[Title/Abstract] OR saliva[Title/Abstract] OR teeth[Title/Abstract] OR
enamel[Title/Abstract] OR Dentin[Title/Abstract] OR alveolar bone[Title/Abstract] OR periodontal
ligament[Title/Abstract] OR gingival tissues[Title/Abstract] OR gingiva[Title/Abstract] OR
Pulp*[Title/Abstract]

TITLE-ABS-KEY [“anti-diabetic medications” OR “anti-diabetic drug*” OR “oral hypoglycemic*” OR
metformin OR insulin OR “oral sulfonylureas” OR glimepiride OR glipizide OR glyburide OR
gliclazide] AND TITLE-ABS-KEY [“Oral cavity” OR periodontium OR “periodontal tissues” OR
“gingival fibroblast” OR “oral health” OR saliva OR teeth OR enamel OR dentin OR “alveolar bone”
OR “periodontal ligament” OR “gingival tissues” OR gingiva OR pulp* OR “peri-implant*” OR “dental
implant*“]

[‘anti-diabetic medications”ti,ab,kw OR ‘anti-diabetic drug*“ti,ab,kw OR ‘oral
hypoglycemic*ti,ab,kw OR metformin:ti,ab,kw OR insulin:ti,ab,kw OR ‘oral sulfonylureas'ti,ab,kw
OR glimepiride:ti,abkw OR glipizide:ti,ab,kw OR glyburide:ti,ab,kw OR gliclazide:ti,ab,kw] AND [‘oral
cavity”ti,ab,kw OR periodontium:ti,abkw OR ‘periodontal tissues’:ti,ab,kw OR ‘gingival
fibroblast’:ti,ab,kw OR ‘oral health’ti,ab,kw OR saliva:ti,ab,kw OR teeth:ti,ab,kw OR enamel:ti,ab,kw
OR dentin:ti,ab,kw OR ‘alveolar bone"ti,abkw OR ‘periodontal ligament"ti,ab,kw OR ‘gingival
tissues’:tiab,kw OR gingiva:ti,ab,kw OR pulp*:tiabkw OR ‘peri-implant*ti,ab,kw OR ‘dental
implant*ti,ab,kw]

“anti-diabetic medications” OR “anti-diabetic drug*” OR “oral hypoglycemic** OR metformin OR

insulin OR “oral sulfonylureas” OR glimepiride OR glipizide OR glyburide OR gliclazide [Title] and
“Oral cavity” OR periodontium OR “periodontal tissues” OR “gingival fibroblast” OR “oral health” OR
saliva OR teeth OR enamel OR dentin OR “alveolar bone” OR “periodontal ligament” OR “gingival

No of articles
1711

6717

2197

206

tissues” OR gingiva OR pulp* OR “peri-implant** OR “dental implant** [Title]

Total Search
Removal of duplicates

Final articles for Title-Abstract screening

Full text screening
Excluded
Included

gingiva; periodontium (periodontal ligament, cementum, and
alveolar bone); oral mucosa; buccal mucosa; tongue, palate; lips;
salivary gland; teeth (enamel, dentin, roots, and pulp) were
included. Articles where anti-diabetic drugs are used as an adjunct
to non-surgical periodontal therapy (SRP) or surgical therapy, but
no effect of the drug on the teeth, pulp, mesenchymal stem cell,
palate, mucosa, gingiva, periodontal ligament, cementum, alveolar
bone, saliva or salivary glands, tongue, or lips” were mentioned
were excluded (Supplementary file 1: List of excluded articles). Any
articles whose full text could not be retrieved or was unavailable
[online or in print] were excluded. All articles up to 2025 published
in English were included.

DATA CHARTING
The following data/outcomes variables were extracted:

1. Characteristics of the individual studies: bibliographic and
study details, i.e., author details, aim and objectives of the study,
type of study design; participants’ details, i.e, number (sample
size), age, gender, animal model/type, nature, type, mode, dosage,
and frequency of application of anti-diabetic medication; type of
cells/tissues/organs affected.

2. Effect of anti-diabetic medications on the teeth, gingiva,
periodontal tissues, alveolar bone, implants, saliva, and develop-
ment of autoimmune conditions.

3. The patient-reported outcomes and the presence of any side
effects were noted with any anti-diabetic medication on the oral
tissues Table 1.

The results from each study and the characteristics of the
included studies are reported in Table 2, and a description of the
factors is provided as a narrative synthesis below as follows:

BDJ Open (2026)12:66

10891
7830
3061
177
131

RESULTS

Characteristics of individual studies

A total of 3061 studies were screened, of which 177 were
included for full-text screening. Upon full-text screening, 131
articles were excluded (supplementary Table 1). Hence, 46
articles were included for the final review (Tables 1 and 2).
Among the articles included, 13 were in-vitro studies [21-34]; 25
were animal studies [14,15,18-21,33,35-52]; 9 were in-vivo/
human studies [23,53-62]. There were 14 studies on Insu-
lin [20,21,28,34,40,41,43,45,46,52,53,57-59], 23 on MF
[14,15,19,22-24,26,27,29-32,35-39, 49, 53-55, 58,60], one on
Exedin [18], one on Glicazide [42], two on Sitglitin [48,51], one
on Volibose [47], one on Glyburide [33], one on Glipizide [44],
one on Gemigliptin [50], Genipin and insulin combination [45],
one on MF and rosavastatin combination [56] and one on GLP-1
[45]. Based on the country-wise distribution, three studies were
from India [54-56], five from Japan [18, 21, 33,40, 47], 14 from
China [20,23,27,28,32,34,37-39,44,45,53,57,58], two from
the United States of America [15,50], Three from Korea
[45, 55, 58]; Six from Brazil [14,19, 33,47, 57, 63]; two from Egypt
[35,36], one from Argentina [64], one from Saudi Arabia [24],
one from Taiwan [56], one from the United Kingdom [59], two
from Iran [22,65] [Table 2].

Critical appraisal and results from the individual sources of
evidence

Anti-diabetic medications have both positive and negative effects
on the gingival and periodontal soft tissues, alveolar bone,
cementum, teeth, salivary glands, dental pulp, and oral mucosa.
The overview of the effects of various anti-diabetic medications
have been discussed as follows:

SPRINGER NATURE
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a. Effect on teeth. Anti-diabetic medications like MF (1,1-
dimethylbiguanide hydrochloride), insulin, and exendin have
been shown to have osteogenic effects and stimulate dental
mesenchymal stem cells by inducing the differentiation and
mineralization of pre-osteoblasts into osteoblasts via activation of
the AMP-activated kinase (AMPK) signaling pathway. MF increases
odontoblastic differentiation of dental pulp stem cells (DPSCs) and
increases mineral synthesis in dentin and alveolar bone. MF also
increases the vascularization potential of hDPSCs by inducing a
marked increase in angiogenic factors like angiogenin and
Vascular Endothelial Growth Factor (VEGF) from the stem cells
[18-20,66]. Insulin affects the induction of amelogenin and
ameloblastin proteins, which are associated with the repair and
regeneration of lost periodontal and pulpal tissues. Insulin also
interacts with the insulin-like growth factors (IGF-I/ Il) and affects
the process of enamel biomineralization. Insulin regulates the
transcription of ‘enamel-specific extracellular matrix proteins’ and
aids in facilitating repair and osteogenic effects [21]. The dental
pulp stem cells (DPSCs) are commonly used for the regeneration
of pulpal tissues, as they have excellent odontogenic potential and
should be explored further.

MF has also been shown to enhance periodontal regeneration
by increasing the proliferation and attachment of hDPSCs by
increasing the alkaline phosphatase activity [22]. A study by Zhang
et al. (2021) found that MF increases the proliferation of DPSCs. MF
inhibited senescence in DPSCs and significantly suppressed
microRNA-34a-3p (miR-34a-3p) expression, elevated calcium-
binding protein 39 (CAB39) expression, and activated the 5’
adenosine monophosphate-activated protein kinase (AMPK)/
mammalian target of rapamycin (MmTOR) signaling pathway.
Furthermore, the authors found that transfection of miR-34a-3p
mimics promoted the senescence of DPSCs, while MF treatment or
Lenti-CAB39 transfection inhibited cellular senescence. These
results indicated that MF could alleviate the senescence of DPSCs
by downregulating miR-34a-3p and upregulating CAB39 through
the AMPK/mTOR signaling pathway [65]. Sobhnamayan et al.
(2023) investigated the combined effects of incorporating MF into
the double antibiotic paste containing metronidazole and
ciprofloxacin as an intracanal medicament during endodontic
procedures in children for regenerating the non-vital immature
teeth. After 18 months, a good rate of closure and an increase in
root length were noted in patients where double antibiotic paste
mixed with MF was used [P = 0.047]; however, the two groups
were not significantly different in terms of root width (P =0.184).
Canal obliteration was seen in 15% of cases (n=4), who
were all among those treated with double antibiotic paste
per se (Fig. 3) [53].

MF has also been mixed with bone graft to increase bone
regeneration. A study by Houshmand et al. (2018) found that MF
can increase the attachment and proliferation of human DPSCs
(hDPSCs) and increase the alkaline phosphatase activity from the
stem cells when cultured with a biphasic calcium phosphate graft.
The cell viability increased from day 1 to day 7 (p < 0.001) upon
application of MF. The highest cell vitality was noted (p < 0.001).
The activity of alkaline phosphatase was also found to increase
linearly from the third day to the 21st day after using MF [22]. MF
has also been mixed with DPSCs cultured on FDBA granules for
enhancing the proliferation and osteogenic capability of the graft.
Kouhestani et al. (2021) conducted a pilot study on DPSCs to
confirm cellular viability and the osteoinducing effect of 100 umol/
L MF. The SEM images revealed that MF enhanced the adhesion of
DPSCs on FDBA granules. In addition, MF was shown to increase
cell proliferation/viability from day 1 to day 7. An increase in ALP
activity was significant after 7 days of treatment [24]. MF has also
been incorporated into carbon nanodots to induce odontoblastic
hDPSC differentiation. A study assessed the effect of MF-loaded
carbon nanodots on hDPSCs and found that MF-loaded carbon
nanodots were biologically safe, maintained cell viability, and
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induced apoptosis when used at 200 pg/ml. The MF-loaded
carbon nanodots facilitated differentiation of hDPSCs by promot-
ing differentiation of odontogenic cells via increased expression of
odontoblast gene markers (RUNX2, DSPP, DMP1, and SP7) and
proteins (DMP1 and DSPP). MF-loaded carbon nanodots also
promoted odontoblastic hDPSC differentiation via auto cell death
or autophagy [24]. MF also increases the vascularization potential
of hDPSCs by inducing a marked increase in angiogenic factors
like angiogenin and Vascular Endothelial Growth Factor (VEGF)
from the stem cells. Boreak et al. assessed the influence of
different concentrations of MF on the expression of the
angiogenesis-related genes and angiogenic ability of hDPSCs.
The study noted that MF increased the stem cells’ secretome
angiogenic potential, and this helped to increase the blood vessel
formations and expression of the VEGF, fibroblast growth factor
(FGF), and CXCL8 genes. MF synergistically improved the
mesenchymal stem cells / epithelial cells proliferation and
promoted vascular formation [26]. MF promotes the regeneration
of hDPSCs by activating the AMPK pathway in a dose-dependent
manner. Qin et al. (2018) quantified the levels of ‘5’-monopho-
sphate-activated protein kinase (AMPK), an important signaling
pathway for regeneration. The author found that in response to
MF, hDPSCs started expressing a transmembrane protein (func-
tional organic cation transporter 1) that helped to mediate the
intracellular uptake of MF. MF also increased the levels of alkaline
phosphatase along with an increase in the odontoblastic markers,
expression like dentin matrix protein 1, dentin sialophosphopro-
tein, osteocalcin, and runt-related transcription factor 2 [27]. MF
can even inhibit hDPSCs’ senescence by downregulating ‘micro-
RNA-34a-3p (miR-34a-3p)’ and upregulating the ‘calcium-binding
protein-39 via activation of the mTOR signaling pathway. These
properties of MF can be used to alleviate cellular senescence in
DPSCs and confirm its regeneration potential. Insulin has also
been shown to affect the bone formation capability of human
DPSCs [Fig. 2].

Lingling et al. (2024) also found that insulin has regenerative
potential as it can increase the proliferation of hDPSC, upregulate
the genes linked with the differentiation of bone cells, and
promote the formation of a mineralized matrix of bone. Insulin
was also able to increase the secretion of proteins linked to bone
metabolism and mineralized matrix formation. However, a
significant inhibition of the expression of the insulin/insulin-like
growth factor-1 signaling pathway was noted. An increase in the
expression of the phosphatidylinositol-3-kinase (PI3K), phosphory-
lated PI3K/protein kinase B (AKT), total AKT, and mTOR was seen,
proving the bone-forming properties of insulin [28]. Apart from
insulin and MF, Exendin-4 has been shown to induce regenerative
potential. Exendin is a peptide agonist of the glucagon-like
peptide (GLP) receptors. It decreases the expression of Tumor
necrosis factor-alpha (TNF-a) and, in turn, is able to reduce the
resorption of roots in individuals with DM. Exendin intake reduced
the number of osteoclasts, odontoclasts, and root resorption
surface and rate of root resorption. Exendin-4 injections also
decrease the mRNA expression for the ‘Receptor Activator of
Nuclear Factor Kappa-B Ligand (RANKL), TNF-a, and RANKL/
osteoprotegerin (OPG) production (P<0.01). The inhibition of
RANKL is the key mechanism by which Exendin-4 could inhibit
orthodontic tooth movement. Thus, for DM patients undergoing
orthodontic treatment and taking Exedin, additional precautions
are needed while performing orthodontic treatment [27, 28].

b. Effect of anti-diabetic medication on the gingiva and periodontal
tissues, including alveolar bone. Anti-diabetic medications such as
insulin and MF have been used in gel, intraperitoneal, and
intramuscular injections to reduce the inflammation of the
periodontal tissues, improve the healing and regenerative
capacity of the bone [54,67,68]. Anti-diabetic medication has
been used as adjunct to are being used along with SRP for
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treating periodontitis and periodontal bone defects [54, 67-69].
Studies have proven that MF, along with SRP, significantly reduced
pocket depth and clinical attachment loss, and aided in the
regeneration of alveolar bone [69]. Local application of MF gel to
the periodontal pockets or bone defects, along with SRP and flap
surgery, has been shown to improve the regeneration of alveolar
bone. The rationale of using MF for regeneration of bone is
attributed to its ability to induce osteoblast activity, promote
osteoblast production of osteoprotegerin (OPG) and receptor
activator of nuclear factor kappa B ligand (RANKL), thereby
inducing bone formation and inhibiting bone resorption
[29,54,55,64,69-72]. MF can also increase osteogenic gene
expression, induce osteoblast differentiation, and promote the
maturation of adipocyte cells, which, in turn, facilitate the healing
of alveolar bone [69, 70]. Liu et al. (2012) MF inhibits the periapical
lesions possibly by lowering the RANKL/OPG ratio, subsequently
reducing the number of osteoclasts and bone resorption areas. MF
injections decreased the number of RANKL-positive and tartrate-
resistant acid phosphatase (TRAP)-positive cells on day 14,
whereas the number of OPG-positive cells increased on day 28.
The periapical bone loss area in the MF-treated group significantly
decreased on day 28 compared with the control group [72]. MF
can augment the mineralization of immature osteoblasts derived
from precursor cells. Various animal and in vivo studies have
found that MF application helps in the regeneration of oral soft
tissues and alveolar bone. For example, a study by Pradeep et al.
tested the efficacy of use of 1% MF gel along with SRP and flap
surgery resulted in more reduction in pocket depth, gingiva
inflammation and bone loss in patients with periodontitis than the
group that received SRP and flap surgery alone, comparing the
use of MF with and without SRP showed that the application of MF
with SRP gives better results and improvement in clinical probing
depth. The application of MF, along with open flap debridement
(OFD) or SRP, resulted in a significant improvement in interdental
bone levels. He also reported that 1% MF is better than 0.5% MF
and 1.5% MF for reducing periodontal inflammation [29, 72]. 1%
MF can also be used along with platelet concentrates such as
platelet-rich fibrin (PRF) for greater reduction in bone loss. The
percentage reduction in radiographic defect depth upon using MF
was higher compared to the use of PRF or OFD alone. The mean
reduction in clinical probing depth and relative attachment level
was greater in the PRF+ 1% MF group compared to the group
where PRF or MF was used alone at 9 months. At nine months, the
radiographic defect depth reduction in the PRF+ 1% MF group
was higher (52.65% +0.031%] compared to PRF (48% + 0.029%),
MF (48.69% + 0.026%], and OFD alone group (9.14% + 0.04%) [55].
The application of MF gel (1% concentration) in the periodontal
intra-bony defects was able to improve the differentiation of
osteoblast cells and promote the process of bone formation. A
study has also shown that when 1.2% Rosuvastatin and 1% MF gel
were applied in the periodontal pockets after SRP for the
management of intra-bony defects, it causes a significant
reduction in probing depth and clinical attachment level, along
with a gain in bone level. However, the results were better with
the use of 1.2% rosuvastatin gel compared to 1% MF gel [55]. A
meta-analysis in 2020 assessed the effect of application of 1% MF
gel as an adjunct to SRP on periodontal intra-bony defects and
reported that 1% MF application in intra-bony defects improves
the clinical and radiographic outcomes; however, the certainty of
evidence is moderate as the number of articles included for the
review was limited. The quantitative analysis showed a weighted
mean difference of 1.17 mm [P < 0.00001) for depth of periodontal
intra-bony defect; a weighted mean difference of 2.54mm
(P<0.00001) for clinical attachment level; a weighted mean
difference of 2.01 mm (P<0.00001) for probing depth; 0.38
(P=0.002) for bleeding on probing; and a weighted mean
difference of 0.00 mm (95% Cl = — 0.04 to 0.04 mm, P =0.95) for
plaque index [73]. An animal study in mice by Bak et al. in 2010
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also reported positive effects of using MF on the bone marrow
cells and osteoblasts, and reported that MF can increase the
osteoblast activity and its differentiation by approximately
twofold. However, formation of osteoclast upon induction with
1,25-dihydroxyvitamin D3, lipopolysaccharide, or PGE2 was
unaffected. A similar animal study comparing the effects of
systemic MF for the management of periodontitis in rats reported
a significantly lower rate of alveolar bone loss in groups receiving
MF therapy compared to the control. MF improved the wound
healing potential and reduced the degree of bone loss by
inhibiting the interactions of advanced glycation end products
with their receptors [35]. MF can reduce bone resorption by
promoting osteoblast differentiation and diminishing osteoclast
formation [36].

MF has also been used as a scaffold loaded with bone graft (-
tricalcium phosphate), chitosan, and silica. This novel scaffold
containing MF increased the adhesion of bone marrow mesench-
ymal stem cells and promoted the repair of the bone defects
[30,31,35-37, 73, 74]. Along with bone regenerative potential, MF
also improved the healing of the gingiva and enhanced the
regenerative potential of gingival fibroblasts. Alshibani et al.
(2023) assessed the effects of MF on the matrix metalloproteinases
enzymes and proinflammatory cytokines upon stimulation with
lipopolysaccharide (LPS) on gingival fibroblasts. The authors found
that MF reduces oxidative stress and levels of inflammatory
mediators MMP-1/2/8, IL-1, and IL-8. This confirmed that MF is a
good anti-inflammatory agent and has the potential to treat
periodontal diseases [30]. MF has also been used along with
photo-biomodulation therapy (photodynamic therapy), which
involves the use of a laser and dye for better regenerative
potential. The use of MF along with photo-biomodulation
improves the proliferation and viability of cells with better
osteogenic differentiation [31]. Combining MF with photodynamic
therapy helped to reduce the production of free radicals, decrease
the overall oxidative stress, increase the rate of apoptosis, reduce
the nitric oxide levels, and decrease the expression of matrix
metalloproteinase-2 (MMP-2) and cyclooxygenase-2 (COX-2) in the
periodontal tissues. This combination also inactivates the nuclear
factor kappa B (NF-kB) signaling pathway and reduces bone
resorption [5]. MF has also been shown to act on the NOD-like
receptors (NLRs). NLRP3 inflammasome-associated pyroptosis,
which is the key receptor to inhibit the pyroptotic cell death of
cells in periodontal tissues and reduce the inflammation in
patients with DM [38]. Gong et al. (2023) developed a flexible MF-
loaded silk fiber/gelatin patch with prolonged release of the drug
to promote periodontal soft and hard tissue regeneration. The
authors found that the MF-loaded silk patch was compatible with
the oral tissues and showed pro-osteogenic, anti-inflammatory,
and antioxidative properties. The patch also promoted M2
macrophage polarization and subsequent secretion of
osteogenesis-related cytokines, which helped to achieve alveolar
bone regeneration [63]. Sun et al. evaluated the effects of MF on
orthodontic tooth movement in a rat model of type 2 DM. After
14 days, diabetic rats exhibited greater orthodontic tooth move-
ment and had a higher number of tartrate-resistant acid
phosphatase-positive osteoclasts, stronger cathepsin K expression,
and weaker alkaline phosphatase immunostaining than normo-
glycemic rats. Metformin administration resulted in normalization
of osteoclast numbers, cathepsin K immunostaining, tooth move-
ment, and alkaline phosphatase expression in diabetic rats. MF
also reduced sclerostin expression and improved the immunolo-
calization of dentin matrix protein 1 in osteocytes of type 2
diabetes rats [39]. Zhao et al. (2020) also found that MF
significantly increased the expression of osteogenic genes, alka-
line phosphatase activity, matrix mineralization, and p-AMPK level
expression in SHEDs. Compound C, a specific inhibitor of the
AMPK pathway, abolished MF-induced osteogenic differentiation
of SHEDs. Moreover, MF treatment enhanced the expression of
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Fig. 3 Effects of MF on oral tissues [Created in Biorender.com].

proangiogenic/osteogenic growth factors BMP2 and VEGF but
reduced the osteoclastogenic factor RANKL/OPG expression in
SHEDs [23].

Insulin has also been shown to have a bone-sparing effect as
insulin signaling is essential for normal bone development and
maintenance [31,38,39,57,63,74]. Adequate insulin signaling
helps protect, maintain, and promote the health of the alveolar
bone and the tissues supporting the teeth, preventing premature
bone loss and supporting regeneration. Wu et al. compared the
effect of different concentrations of insulin on the periodontal
tissues in the presence of hyperglycemia and found that insulin
alters the expression of the inflammatory cytokines in PDL cells
and maintains bone health [74]. Nishikawa et al. (2020) also found
that insulin can improve the inflammation in periodontitis without
any local treatment. Insulin administration lowered the infiltration
of various inflammatory cells and reduced the expression of genes
linked with the production of pro-inflammatory cytokines. This
lowered the inflammation in periodontal tissues and alveolar
bone. Insulin can even suppress the production of nitric oxide
from monocytes, and this effect directly lowers the inflammatory
cytokine expressions [41]. Mohsen et al. (2023) compared the
effects of bone marrow mesenchymal stem cells (BM-MSCs) and
insulin on collagen formation and p-catenin expression in
experimentally induced type | diabetes in albino rats. The group
of rats with no treatment showed destructive changes in
connective tissue and the presence of old collagen in all dento-
alveolar complex tissues, along with negative B-catenin expres-
sion. The groups treated with insulin and mesenchymal stem cells
exhibited newly formed collagen intertwined with very few areas
of old collagen, and both groups showed positive B-catenin
immunoreactivity. In MSC-treated rats, the PDL appeared dense
with fibers arranged in a regular pattern. Some cementoblasts and
osteoblasts displayed a normal shape, while others appeared
flattened or were absent in certain areas. Some cementocytes and
osteocytes maintained a normal shape, whereas others were
shrunken and altered. Most of the PDL fibrocytes exhibited a
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Increased expression of Osteogenic
genes and increased osteoblast
differentiation

Increased the expression of odontoblastic
markers like alkaline phosphatase, dentin
sialophosphoprotein, and osteocalcin

Promotes osteoblast production of
osteoprotegerin (OPG) and receptor activator of
nuclear factor kappa ligand (RANKL)

Reduces oxidative stress and levels of
inflammatory mediators such as MMP-
1, MMP-2, MMP-8, IL1, and IL-8.

Promotes differentiation of stem cells. Protect
periodontal ligament stem cells against oxidative
stress-induced damage and increase the angiogenic
ability for better tissue regeneration

Aids in the maturation of adipocytes,
aids in the healing of tissues

spindle shape, while others appeared flattened. In insulin-treated
rats, both cementum and alveolar bone had a regular outline. The
PDL was dense and regularly organized. Multiple cementoblasts
and normal cementocytes were present. Oval osteoblasts,
numerous osteocytes, and reversal lines were observed in the
alveolar bone. Overlying PDL fibers, plump fibroblasts and
flattened fibrocytes were noted. [41]

Apart from MF and insulin, other anti-diabetic medications like
sitagliptin, gliclazide, and glimepiride have been shown to affect the
regeneration of alveolar bone [39,63]. Sulfonylureas such as
glyburide, glipizide, and Gliclazide have also been studied for their
role in reducing inflammation, bone loss, and vascular growth
associated with the comorbidity of periodontitis and DM, as well as
the molecular mechanisms involved [57]. A study by Araujo et al.
(2019) found that gliclazide affects the levels of oxidative stress,
inflammatory cytokines, and degree of bone loss in patients with
periodontal disease. Gliclazide inhibits the PI3K signaling and
decreases IL-1 and TNF-a levels in the periodontium. The reduction
in these signaling pathways lowered the levels of ‘Matrix
metalloproteinase-2 (MMP-2), RANK-RANKL, and cathepsin K
enzymes. This provides a positive effect in reducing inflammation
and alveolar bone resorption. Gliclazide has also been shown to
inhibit bone loss by reducing the activation of the PI3K/AKT
pathway, lowering neutrophil infiltration, and migration of macro-
phages [42-44,75,76]. Guo et al. [2023] assessed the effects of
Glipizide on periodontal inflammation and alveolar bone and found
that glipizide can reduce the loss of alveolar bone. It even reduced
the infiltration of macrophages, activated PI3K/AKT signaling,
reduced the formation of osteoclast cells, and promoted new
blood vessel formation in periodontal tissue affected by period-
ontitis. However, no effects on the oral microbiota were noted [44].

Glyburide has also been tested as an anti-inflammatory agent to
control periodontal inflammation. The glyburide assessed was able
to target the “NOD-like receptor protein 3 (NLRP3)” inflammasome
pathway and suppress the periodontal pathogen-induced inflam-
mation. Glyburide was able to inhibit the release of IL-1(3 from the
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THP-1 human monocyte line [32]. Glyburide was also effective in
inhibiting bone resorption in the periodontium following trauma. It
was able to inhibit the NOD-like receptor protein 3/interleukin-1
beta pathway and activate caspase-1 enzymes, thereby reducing
bone loss [77]. However, some anti-diabetic medications, such as
thiazolidinediones, have been shown to reduce bone mineral
density and increase osteoclastic activity, leading to bone resorp-
tion [78,79]. Furthermore, Kawahara et al. (2020) found that
glyburide could inhibit the release of mature IL-13 from THP-1
macrophage-like cells stimulated with periodontopathic bacteria
(Porphyromonas gingivalis, Aggregatibacter actinomycetemcomitans,
or Fusobacterium nucleatum). THP-1 macrophages stimulated with
periodontopathic bacteria secreted IL-1 without undergoing cell
death. This process was inhibited by the NLRP3 inhibitor MCC950
and the caspase-1 inhibitor z-YVAD-FMK. Glyburide decreased IL-1(3
levels in the cell culture medium while increasing intracellular
expression, suggesting that it may prevent the secretion of IL-10.
Furthermore, glyburide was found to decrease inflammatory cell
infiltration, osteoclast formation, and bone resorption in rats with
experimental periodontitis induced by periodontopathic bacteria
[33]. Glyburide inhibits NLRP3 formation and induces the expression
of pro-healing growth factors insulin-like growth factor-1 (IGF-1),
transforming growth factor- (TGF-f3), and IL-10, thereby promoting
wound healing in diabetic mice [45].

Effect on implants. Apart from treating periodontal bone defects,
MF has also been used to treat peri-implant diseases. Various
studies have reported mixed results regarding the use of anti-
diabetic medication on the peri-implant soft tissue wound healing
and osseointegration of bone around dental implants
[45-49,58,80]. A review by Aljofi et al. (2023) found a positive/
protective impact of MF on periodontium and peri-implant tissues
and bone in DM patients. The use of MF caused a greater reduction
in pocket depth, gain in clinical attachment level, and bone fill in
intra-bony defects [77]. Inouye et al. (2014) investigated the impact
of MF on the healing of peri-implant tissues. They examined the
impact of MF therapy on bone-to-implant contact ratio, bone
volume, number of trabeculae, and bone mineral density. Blood
pyridinoline, HbA1c, and glucose levels were also examined. After
one week, all healing and bone parameters were similar in diabetic
rats. However, after four weeks, the glucose levels of the diabetic
rats that received MF therapy were lower. The bone parameters
were comparable to those of the healthy controls. These results
suggest that diabetic rats exhibit improved glycemic control and
enhanced healing around peri-implant tissues following MF
treatment [15]. Morais et al. (2009) found that the bone formed
alongside the thread was thinner in the saline group than in the
insulin group. After four months, reduced bone density around the
implants was noted in diabetic rats compared with insulin-treated
rats. DM was found to impair bone density around the dental
implant. However, insulin use could maintain bone density in DM
rats [43]. However, a study by McCracken et al. reported that
diabetic animals treated with insulin were not statistically different
from those not treated. Although the Mean total bone volume
percent (adjusted for day) for control, diabetic, and insulin groups
(£SD) was 124 (19), 22.6 (£10), and 17 (£7), respectively. Bone
volume adjacent to implants in diabetic rats was significantly
greater than controls (P < 0.05). Diabetic animals treated with insulin
were not statistically different from controls [46].

In 2017, Wang et al. also evaluated the effect of locally applying
controlled-release insulin to the implant-bone interface in Goto-
Kakizaki (GK) Wistar rats with type 2 DM. Sprague-Dawley rats
served as controls [n=10]. The GK rats were divided into two
groups: one with DM alone and one with DM and insulin
application. Contact between the implant and bone, and the
amounts of osteogenic and osteoid tissue and newly formed bone,
were checked in both groups. Implant-to-bone contact was lower in
the insulin group than in the control group. However, more new
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bone formation was observed in the insulin group. The authors
concluded that, despite the degree of contact between the bone
and implant being lower than in the control group, the infiltration of
insulin during implant placement could improve implant-bone
contact [20]. Additionally, the DM group exhibited the greatest
bone loss. Shi et al. compared the effects of insulin, MF, and
glucagon-like peptide-1 [GLP-1] on marginal bone loss around
dental implants, noting that all of these anti-diabetic medications
reduce marginal bone loss around implants. The peri-implant
marginal bone loss in the GLP-1 group was significantly smaller than
in the insulin and MF groups [P < 0.01]. MF produced a greater
reduction in probing depth than insulin. The effects of MF on bone
healing around titanium implants inserted in non-diabetic rats were
evaluated.

Bastos et al. (2017) also investigated the impact of MF on
osseointegration of dental implants in 20 Wistar rats, revealing that
bone-to-implant contact and bone area in the cortical bone were
notably lower in the MF group than in the control group (P < 0.05).
The number of cells stained for RANKL and OPG in the cortical and
medullary areas around the implants was higher than for the
implants inserted in the control animals (P < 0.05). MF was found to
negatively affect osseointegration by reducing the percentages of
BIC and BA, as well as increasing the expression of RANKL, around
titanium implants inserted in non-diabetic rats [19]. In a similar
study, Serrao et al. investigated the impact of MF on bone healing
around implants in diabetic rats. They discovered that MF did not
offset the detrimental effects of hyperglycaemia on bone healing
around implants at a histometric level. However, it increased OPG
expression and reduced the RANKL/OPG ratio in the medullary area,
offering potential molecular advantages for implant osseointegra-
tion under hyperglycaemic conditions [14]. The positive effects of
glucagon-like peptide-1 (GLP-1) drugs on peri-implant bone
remodeling were also noted, with results comparable to those of
insulin or MF [46]. Voglibose, an oral a-D-glucosidase inhibitor used
to manage postprandial hyperglycaemia in patients with DM, has
been reported to be ineffective in improving bone regeneration. An
animal study in rats using voglibose to improve osseointegration
around implants reported no effect on the bone-to-implant
interface. Furthermore, the removal torque was significantly higher
in the non-diabetic control group than in the diabetic rat group
taking Voglibose. Voglibose was unable to reverse the metabolic
effects of DM on bone tissue [47, 58]. Bautista et al. (2019) assessed
the effect of sitagliptin on bone tissue and implant osseointegration
in diabetic rats, finding that it did not improve bone loss or the
trabecular pattern. This confirms that sitagliptin does not reverse
the harmful effects of DM on bone metabolism and osseointegra-
tion around implants [48, 49]. Zhang et al. (2021) tested the effects
of combining Genipin and insulin to improve the osseointegration
of dental implants in rats with type 2 DM. They found that this
combination lowered blood glucose levels and activated AMPK
signaling pathways. This lowered oxidative stress and reversed the
negative effect on osseointegration. The combination of genipin
and insulin was suggested as a promising method for enhancing
the osseointegration of dental implants in diabetic conditions [45].

d. Effect on saliva. Anti-diabetic drugs like MF, Gemigliptin,
Sitagliptin, and incretin have been shown to significantly influence
the composition and function of the salivary glands. MF was found
to be useful for reducing inflammation in the salivary gland and
restoring the flow rate of saliva. Moreover, MF also decreased the
levels of IL-6, IL-17, TNF, and protein levels in the salivary glands.
An animal study on obese diabetic rats also found that MF was
able to reduce the levels of Th1 and Th17 cells, along with an
increase in the T-reg cells. MF was also found to suppress the
effector T cells, induce regulatory T-cells, and regulate B cell
differentiation. These mechanisms were useful for patients with
xerostomia and Sjogren syndrome [45]. Nascimento et al. (2023)
observed that MF enhances salivary gland secretion by inducing
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Ca™ signaling, which restores saliva secretion and prevents
immune cell infiltration in the salivary glands. MF-induced Ca**
signaling inhibits the release of alarmins and prevents endoplas-
mic reticulum stress activation. This reduces immune cell
infiltration and improves salivary gland dysfunction in patients
with Sjégren syndrome [81]. The anti-fibrotic properties of MF are
also useful for treating salivary fibrosis. Wang et al. found that MF
can attenuate TGF-B1-induced fibrosis by inhibiting SMAD
phosphorylation (p<0.01) via AMPK-independent pathways,
thereby activating the AMPK pathway and consequently suppres-
sing NOX4 (p <0.01), the main ROS producer. MF also protects
acinar cells from ligation-induced injury, normalizing aquaporin 5
(AQP5) levels (p <0.05) [46]. Gemigliptin has also demonstrated
the ability to enhance salivary gland function and protect acinar
cells [58]. It improves salivary gland function in diabetic patients
by inhibiting apoptosis of salivary gland cells, reducing oxidative
stress, improving salivary gland secretion, and increasing the
expression of saliva-related proteins. Based on these results,
gemigliptin has been proposed as an effective anti-diabetic drug
for patients with hyposalivation [58]. Silva, Faria et al. [(013) also
reported that anti-diabetic drugs such as dipeptidyl peptidase IV
(DPP-IV) inhibitors can help to restore salivary tissue. This inhibitor
helps maintain homeostasis and re-establish the epithelial and
stromal compartments of salivary glands damaged by hypergly-
caemia [51]. However, some studies have found that MF
accumulates and is secreted in saliva. The presence of MF in
saliva has been associated with taste disturbances, including a
metallic taste in the mouth [82]. There is evidence that MF can
partly restore the microbial flora in the saliva of diabetic patients.
A study by Gu et al. (2011) found that MF use could restore the
Acholeplasma and Comamonas genera in diabetic patients with
periodontitis. Compared to patients with periodontitis, the genera
Lactobacillus, Parvimonas, Norank_f_norank_o_Absconditabacter-
iales_SR1, and Acholeplasma changed significantly in diabetic
patients taking MF compared to those not taking medication. The
plague index was positively correlated with Prevotella and
Lactobacillus, but negatively correlated with Haemophilus, Lau-
tropia, Unclassified_f_Pasteurellaceae, and TM7x. Treatment with
MF was able to partially alleviate the alteration in salivary
microbiota caused by Type 2 DM [83]. Insulin has also been
shown to affect the stereology and morphology of the salivary
gland. A study assessing the long-term effect of insulin on the
morphology of the salivary glands in Nod mice found that
alterations due to hyperglycemia, which are characterized by
nuclear and cytoplasmic atrophy, biomembrane disorganization,
an increase in fibrillar components of the extracellular matrix, and
the presence of inflammatory cells, could be recovered by insulin.
Insulin treatment exerted positive effects on the recovery of the
changes resulting from the diabetic state in both parotid and
submandibular glands [52].

f. Anti-diabetic medications and development of autoimmune
conditions. Gliptins are associated with an increased risk of
developing autoimmune diseases, including bullous pemphigoid,
while being associated with mucous membrane pemphigoid. A
case report by Hammami et al. (2015) on a 52-year-old man with
Type 2 DM reported the development of severe mucosal erosions
(Lichen planus) of the tongue, glans penis, and perianal area
induced by glimepiride. Withdrawal of glimepiride, a Dipeptidyl
peptidase 4 inhibitor (sitagliptin), has also been shown to cause
oral ulcers [84]. Willis et al. (1999) also found that the presence of
Candida species was present in all insulin-treated DM patients
with and without clinical signs of infection. The study found that
the development of oral candidiasis in insulin-treated DM patients
is not the result of a single entity, but rather, a combination of risk
factors [59]. Silvio et al. (2021) explored the potential of MF to
target PI3K/mTOR signaling for HNSCC (head and neck squamous
cell carcinoma) prevention and found that MF administration
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results in encouraging histological responses and mTOR (mam-
malian target of rapamycin) pathway modulation, thus supporting
its further investigation as a chemopreventive agent [60].

SUMMARY OF EVIDENCE AND FUTURE RESEARCH DIRECTIONS
Anti-diabetic medications have both positive and negative effects
on the oral tissues. MF and insulin are two antidiabetic
medications that have been shown to have osteogenic potential,
as they can simulate dental mesenchymal stem cells by inducing
the differentiation and mineralization of pre-osteoblasts into
osteoblasts. The majority of the studies are done in animal models,
with only a few clinical patient-based studies and in vivo studies.
Studies have found osteogenic and mesenchymal stem cell
proliferating effects of insulin and MF. MF activates the AMP-
activated kinase (AMPK) signaling pathway and aids in odonto-
blast, osteoblast, and dental mesenchymal stem cells differentia-
tion [24,26-28]. The AMPK signaling pathway is involved in
metformin-induced DPC odontoblastic differentiation and repara-
tive process [27]. This facilitates osteoblast differentiation,
promoting the differentiation of mesenchymal stem cells (MSCs)
and pre-osteoblasts to osteoblasts to increase bone formation and
increase the reparative process in periodontium. However, one
should note that there is no direct evidence that MF causes
regeneration of enamel tissue, and limited direct evidence or
clinical studies exist to confirm the regeneration of enamel. While
anti-diabetic medications such as metformin and insulin have
been reported to influence cellular pathways involved in
mineralized tissue formation, it is important to note that enamel
regeneration does not occur in adults due to the absence of
functional ameloblasts after tooth eruption. Therefore, any
potential effects of these agents on enamel are limited to indirect
or surface remineralization processes rather than true biological
regeneration.” Furthermore, we would like to clarify that the
primary regenerative potential of metformin, as demonstrated in
recent literature, is related to its effects on dental mesenchymal
stem cells, particularly dental pulp stem cells (DPSCs). Metformin
has been shown to activate AMP-activated protein kinase (AMPK)
signaling pathways, which enhance odontogenic differentiation,
promote mineralization, and support reparative dentin formation.
In addition, emerging evidence suggests that metformin can
modulate the pulp microenvironment by reducing inflammation
and enhancing angiogenic and regenerative responses, thereby
contributing to pulp tissue repair and dentin-pulp complex
regeneration. Recent studies have shown that MF promotes
differentiation of DPSCs into odontoblast-like cells, increases
expression of dentin-specific markers (DSPP, DMP-1), enhances
mineralized matrix deposition, and supports reparative dentino-
genesis in experimental models [23,26-28, 31, 53, 73, 82].

MF and insulin have also been used in non-surgical and surgical
periodontal therapy for the treatment of periodontal or peri-
implant diseases. However, there is more literature on MF
compared to other anti-diabetic medications. MF has been used
as an adjunct to SRP and has shown promising effects for
managing periodontal disease. MF and insulin have also been
shown to induce bone formation in periodontal defects and
facilitate bone fill. A meta-analysis assessing local 1% MF gel
application noted that the certainty of evidence for improving
clinical and radiographic outcomes in intra-bony defects is
moderate due to the limited number of included articles
[51,52,72,82,83]. Furthermore, comparative studies suggest that
MF's efficacy may be surpassed by other treatments; for
instance, managing intra-bony defects showed better results
with the use of 1.2% rosuvastatin gel compared to 1% MF gel
[29-31,35-38,55,56,72-74]. Therefore, in addition to the
recommended long-term comparative studies of MF versus
other regenerative materials for periodontal and pulpal regen-
eration, new randomized controlled trials must focus on robust
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head-to-head comparisons against both non-anti-diabetic and
emerging regenerative materials to solidify its precise clinical
role. Clinical trials also needed to check the efficacy of
osseointegration of dental implants, especially in patients with
poor bone quality, those with osteoporotic bone, and diabetic
patients [82, 83].

Future clinical and basic research must expand beyond MF and
insulin to explore the effects of other anti-diabetic drugs on oral
health, especially those demonstrating potent or adverse outcomes.
GLP-1 drugs show significant promise in peri-implant applications,
with one study noting that peri-implant marginal bone loss in the
GLP-1 group was significantly smaller than in both the insulin and
MF groups [20]. This suggests GLP-1 drugs should be a high priority
for future peri-implant-bone remodeling research. Conversely,
caution is warranted for specific drug classes, such as Thiazolidine-
diones, which have been shown to reduce bone mineral density
and increase osteoclastic activity, thereby promoting bone resorp-
tion [32,33,43,44,75-79]. Long-term safety and epidemiological
studies are also essential to track severe oral side effects, such as the
increased risk of autoimmune conditions like bullous pemphigoid
and mucous membrane pemphigoid associated with Gliptins, and
mucosal erosions (Lichen planus) linked to glimepiride
[50,51,81,82,85]. The dual nature of anti-diabetic medications,
presenting both positive and negative effects on oral tissues
[14-20], requires a precise definition regarding mechanism and
application context. Specifically, research needs to clarify the
conditional efficacy of MF. Mechanistic studies must be conducted
to fully understand the specific signaling pathways and dose-
dependent effects that modulate these regenerative responses,
ensuring that the therapeutic application of MF is strictly guided by
the patient’s underlying metabolic status.

CONCLUSION

Anti-diabetic medications have a numeours effects on the
tissues and functions of the oral cavity. Various antidiabetic
medications like insulin, MF, and other oral hypoglycemic agents
have shown promising regenerative and reparative potential.
They have been shown to stimulate the odontoblasts, the
mesenchymal stem cells of the pulpal tissues, fibroblasts, and
osteoblasts of alveolar bone to induce the reparative process and
enhance healing. MF and insulin have shown to promote the
process of bone formation and mineralization in pulpal, dentin,
and alveolar bone in both in-vitro and in-vivo settings. However,
evidence from human clinical studies is limited. Only few clinical
studies explore the effect of these anti-diabetic medications, with
most of the evidence evaluating the regenerative potential of
MF and insulin as an adjunct to SRP for managing periodontal
diseases and treating periodontal bone defects. Hence, long-
term comparative studies on the efficacy of MF compared to
other regenerative materials for periodontal and pulpal regen-
eration are needed. Additionally, future clinical and basic
research that evaluate the long-term effects of these medication
are needed. It also important to explore the effect of other anti-
diabetic drugs on oral tissues, in periodontal regeneration and
managing oral diseases, and for the maintenance of
overall oral health.
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