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Abstract

Background: Periodontitis is a chronic inflammatory disease that affects the teeth’s supporting
structures, leading to clinical attachment loss, pocket formation, and tooth loss if left untreated.
Scaling and root planning (SRP) is the gold standard for removing bacterial biofilm and calculus
from tooth surfaces. However, in most situations, including tooth fractures, there is a need for
adjunctive therapies to complement and improve treatment outcomes. This study aimed to
evaluate the efficacy of locally delivered metformin (MF) 1% gel as an adjunct to SRP in treating
severe chronic periodontitis.

Materials and Methods: A total of 36 volunteers were randomly assigned to two treatment
groups, namely, SRP plus placebo gel and SRP plus 1% MF gel. Clinical parameters such as
pocket probing depth (PD), clinical attachment level (CAL), and gingival recession (GR) were
recorded at baseline, 2, and 4 months. The data were analyzed using independent T-tests, one-
way, and repeated measures analysis of variance (ANOVA) using SPSS 24 software.

Results: All groups exhibited improvements in periodontal parameters such as PD and CAL.
While the mean reductions in PD and CAL were not statistically significant after 3 weeks of
treatment between the two groups (P=0.193), the MF group demonstrated significantly greater
improvements in PD, measuring 3.49 mm compared to 1.87 mm in the control group (P=0.007),
as well as in CAL, which measured 2.98 mm versus 1.72 mm in the control group (P=0.014).
Conclusion: The adjunctive use of locally delivered 1% MF gel could stimulate a significant
reduction in PD and increases in CAL compared to the placebo gel, while there was no GR
resulting from the local delivery of the drug. This suggests that the MF gel may offer benefits in
the treatment of severe chronic periodontitis by enhancing periodontal healing without inducing
GR.
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Background

One of the most common long-term inflammatory
conditions is periodontitis, recognized by inflammation
and destruction of tooth-supporting tissue, leading to
tooth loss if left untreated (1). Although scaling and root
planning (SRP) has been known as the gold standard for
the treatment of periodontal diseases (2), specific physical
limitations, such as furcations, deep periodontal pockets,
or interproximal regions of misaligned teeth, may result
in an incomplete diminution of anaerobic infection and
augment the likelihood of recurrence (3). Hence, local

and systemic prescriptions of antibiotics, photodynamic
therapies such as laser therapy, and bisphosphonates have
been suggested to complement SRP treatment. These
adjunctive approaches lower the number of bacteria
and improve clinical periodontal parameters, such as
reducing probing depth (PD) and enhancing clinical
attachment level (CAL) (4-7). The utilization of local drug
delivery systems has been most popular over the last three
decades to complement SRP in periodontal therapy. This
system allows drugs to significantly exceed the minimum
inhibitory concentration and persist for up to several

the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0), which permits unrestricted use,

2 ! ©2024TheAuthor(s); Published by Hamadan University of Medical Sciences. This is an open-access article distributed under

distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-5558-1063
https://orcid.org/0000-0003-1553-9749
http://crossmark.crossref.org/dialog/?doi=10.34172/ajdr.1793&domain=pdf
https://doi.org/10.34172/ajdr.1793
http://ajdr.umsha.ac.ir
mailto:e.karami1361@gmail.com
https://doi.org/10.34172/ajdr.1793

weeks, resulting in higher efficacy and fewer side effects
by regulating drug discharge (8).

In recent years, metformin (MF), which is the first line
of treatment for type 2 diabetes, has been investigated
for the treatment of periodontal bone defects in chronic
periodontitis (9). MF has shown various therapeutic
effects in animals and laboratory studies related to
periodontitis. These effects include reducing oxidative
stress, inflammatory reactions, and bone loss in the rat
models of periodontitis (10,11), as well as decreasing
cytokine production in human cells stimulated with
lipopolysaccharide (12,13). MF reduces pro-inflammatory
cytokines such as interleukin (IL)-1f, IL-6, and tumor
necrosis factor-alpha in gingival fibroblast cells by
affecting activating transcription factor-3 and nuclear
factor kappa B expression (14). It also lowers IL-18 and
IL-1pB levels in periodontal ligament cells by inhibiting
the nucleotide-binding domain, leucine-rich-containing
family, and pyrin domain-containing-3 inflammasome
and reducing caspase-1 expression (15). Furthermore,
MF enhances autophagy in periodontal ligament cells by
increasing adenosine monophosphate-activated protein
kinase activation and decreasing P16 and P21 expression,
exhibiting anti-senescence effects (13). In terms of
osteogenic effects, MF upregulates the expression of
osteogenic genes such as alkaline phosphatase and
osteocalcin via adenosine monophosphate-activated
protein kinase activation (16). Additionally, it promotes
osteoblastic differentiation and inhibits osteoclastic
differentiation by increasing osteoprotegerin expression
and decreasing receptor activator of nuclear factor k
expression (10).

While preclinical research has established effects that
offer promising implications for clinical practice and
further research in periodontal therapy, there is optimism
regarding the therapeutic effectiveness of MF in reducing
PD and increasing clinical attachment in patients with
severe chronic periodontitis. However, clinical studies
employing MF gel delivery into periodontal pockets are
limited, prompting the need for further investigation.
Considering the above-mentioned explanations, the
present study was designed as a randomized clinical trial
to evaluate the effectiveness of the 1% MF gel as a local
drug delivery along with SRP.

Materials and Methods
Sample Selection
The present study was a randomized controlled clinical
trial that included 36 patients (18 men and 18 women with
a mean age of 41 years) diagnosed with severe chronic
periodontitis from the Department of Periodontology,
Faculty of Dentistry, Zahedan University of Medical
Sciences, Iran. The following formula was used to
determine the sample size.

where § and e represent the clinically significant margin
and the actual difference. n =kn,, respectively, and
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(zot+zﬂ)2crz(l+l

n = k j considering the following values (17),

2 (e 75)2

a=0.05,=0.05,k=1.

First, ethical approval was obtained from the National
Research Ethics Committee of Iran, and then oral and
written consent was obtained from all participants.
Sample selection criteria included individuals with peri-
implantitis definition>6 mm and CAL>5 mm, known
as severe chronic forms of periodontitis (18), no prior
history of antibiotic usage or periodontal therapy within
the past 6 months, and no history of smoking or tobacco
use.

On the other hand, patients were excluded if they had
definite systemic diseases, a definite or possible allergy to
the MF group, undergone systemic antidiabetic or MF
treatment, suffered from immunodeficiency, and were
pregnant or lactated.

A stratified random allocation method was utilized to
assign patients to the study groups. Initially, the patients
were stratified based on age and gender, and subsequently,
they were placed into one of the study groups through
pairwise permutations.

Metformin Gel Preparation

To prepare the MF gel, we followed the method outlined by
Mohapatra et al (19). Dry gel gum powder was dispersed
and stirred in distilled water heated to 95 °C for 20
minutes using a magnetic stirrer. Then, a certain quantity
of mannitol was added to the gellan gum solution with
constant stirring, maintaining the temperature above 80
°C. Next, a measured amount of MF, sucralose, citric acid,
and preservatives (methylparaben and propylparaben)
were added, respectively, with stirring. Finally, the
required amount of sodium citrate dispersed in 10 mL of
distilled water was added to the mixture. The gel formed
as the mixture cooled to room temperature and was
prepared at a concentration of 1%.

Study Protocol

All patients underwent full-mouth SRP conducted by a
single examiner. To standardize oral hygiene, the patients
were provided with an Oral-B medium toothbrush and
Signal Complete toothpaste, along with instructions
on proper brushing techniques using the Bass method.
Following non-surgical debridement, three dental sites
meeting the inclusion criteria were treated with 10 mL of
the 1% MF gel in the experimental group and a placebo gel
in the control group. Gel application into the periodontal
pockets was performed using a blunt cannula inserted into
the base of the pockets. To ensure blinding in the study,
a placebo gel was formulated to replicate the composition
of the MF gel, excluding the active ingredient, to match
its appearance, texture, and taste. Both gels were stored in
identical syringes, thus keeping both the examiner and the
patient unaware of the type of gel used and maintaining
blindness. After treatment, no anti-inflammatory drugs
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or antibiotics were prescribed for the patients. Patients
were instructed to refrain from brushing, flossing in the
treated areas, and chewing hard or sticky foods for one
week. To investigate the side effects of MF, not only
were oral examinations performed to detect any sores,
discoloration, and irritation, but patients were also
queried about the occurrence of medical complications
related to MF side effects, including nausea, vomiting,
diarrhea, altered taste in the mouth, decreased appetite,
and persistent abdominal pain, at each follow-up session.
The observed supragingival deposits were also removed.
Clinical parameters, including PD, CAL, and gingival
recession (GR), were recorded at baseline (before SRP)
and after 2 months. At the two-month recall session, the
target areas were retreated with the MF gel and a placebo
for the second time. The clinical parameters were then
measured again in the fourth month.

Statistical Analysis

All data related to clinical parameters were tabulated
and statistically analyzed wusing SPSS24 software.
The assumption of normality was checked using the
Kolmogorov-Smirnov test. After confirming the normal
distribution of data, intergroup analysis was performed
using unpaired or independent t-tests. Intragroup analysis
was also conducted using a one-way analysis of variance
(ANOVA) with Bonferroni’s post hoc test. Additionally,
a repeated-measures ANOVA was performed to explore
the interaction effects between treatment groups and time
intervals on the measured parameters. Repeated-measures
ANOVA also allowed for the assessment of changes for
all parameters at all time intervals with a within-subject
effect.

Results

Thirty-six patients who completed the study reported no
adverse complications during the follow-up, and their soft
tissues healed normally (Figure 1). Initially, no statistically
meaningful difference was observed in the mean age and
gender distribution (P=0.260 and P=0.317, respectively,
Table 1). Both groups showed remarkable improvements
in clinical parameters, including PD and CAL, at all visits,
exhibiting comparable levels of oral and dental hygiene
between the two groups during the study. However,
according to the t-test, while the clinical parameters of PD
and CAL did not reveal significant differences between
both groups at the beginning and 3 weeks (P=0.193), the
MF group exhibited significantly greater improvements in
PD (3.49 mm vs. 1.87 mm, P=0.007) and CAL (2.98 mm
vs. 1.72 mm, P=0.014), the results of which are presented
in Tables 2 and 3.

A one-way ANOVA with repeated measurements
represented a significant reduction in mean CAL and
PD in both groups across different stages of the study.
Additionally, a two-by-two comparison of PD values
using the Bonferroni test demonstrated a significant
decrease in both groups, with a significant reduction in

CAL in the MF-treated group. However, no significant
difference was found in the control group from the third
week to the second month after treatment. Furthermore,
the mean gingival recession gradually increased during
the study; however, there were no statistically significant
differences in intragroup and intergroup comparisons
(P>0.05). The repeated measures ANOVA for PD, CAL,
and GR showed a significant interaction effect between
time and group (P<0.0001), indicating that the changes
in all clinical parameters over time were significantly
different between the control and MF groups.

Generally, according to the independent T-test, the
average PD and CAL in both groups decreased from the
beginning to the end of the study; however, the reduction
in PD and CAL in the MF group was significantly greater
(P<0.001). Moreover, the increased GR in both groups
demonstrated no significant difference (P <0.05).

Figures 2, 3, and 4 illustrate mean changes in PD, CAL,
and GR for both groups, respectively.

Discussion

The main factor driving the progression of periodontal
disease is the host’s immune response to pathogens,
involving the expression of cytokines, prostanoids,

Table 1. Basic Demographic Characteristics of the Study

Parameter Placebo Group MF Group P Value
Number of patients 18 18

Mean age (years) = SD 42.94+11.94 38.34+£12.23 0.260°
Age (years) 22-63 20-61

Male/female 10/8 9/9 0.317°

Note. SD: Standard deviation.
“Independent t-test; * Chi-square test.

Assessed for
eligibility

Randomized,
25 men and 22 women

——

Placebo group MF group

N=24 N=23

Failed to follow-up

Failed to follow-up

N=6

j!

N=5

Analyzed

Analyzed

N=18 N=18

Figure 1. Consort Flowchart
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Figure 2. A Linear Graph Comparing the Average PD in the MF and Control
Groups During the Study. Note. PD: Probing depth; MF: Metformin
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Figure 4. A Linear Graph Comparing the Average GR in the MF and Control
Groups During the Study. Note. GR: Gingival recession; MF: Metformin

inflammatory cells, and osteoclast activation (20). Thus,
to limit tissue destruction, modulating the inflammatory
response with pharmacological interventions alongside
eliminating pathogenic microbiota via SRP is crucial (21).
Considering the therapeutic properties of MF, the current
study assessed the clinical efficacy of the MF 1% gel
locally derived post-SRP in patients with severe chronic
periodontitis (CAL>5 mm). The results confirmed
superior improvements in clinical parameters compared
to a placebo gel over 4 months.

In this clinical study, clinical parameters, including
PD and CAL, as two pathognomonic parameters of
periodontitis (22), as well as GR, were measured and
recorded at the beginning. Then, the patients were treated
with SRP and divided into the control (treatment with
SRP and a placebo gel at the beginning and after two
months) and experimental (treatment with SRP and
subgingival use of the MF 1% gel at the beginning and
after two months) groups. Finally, periodontal parameters
were remeasured at 3-week, 2-month, and 4-month recall
sessions. The results showed improvements in all clinical
parameters at all time intervals in both groups, but no
statistically significant difference was observed between
the two groups until the third week. These findings align
with those of previous studies. Grace and Malaiappan
(23) reported the positive effects of the MF 1% gel on
periodontal tissues over one month without significant
comparison with the placebo. Additionally, intergroup

Metformin gel adjunctive therapy in chronic periodontitis
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Figure 3. A Linear Graph Comparing the Average CAL in the MF and
Control Groups During the Study. Note. CAL: Clinical attachment level;
MF: Metformin

analysis in our study revealed significant reductions in
the mean PD and CAL scores between treatment groups
in the second and fourth months. Similarly, in the study
by Bashir et al, no significant change was found in pocket
depth or gingival attachment after one month with
the MF 1% gel, but significant improvements emerged
at three and six months, which is consistent with our
findings. Patil et al (24) also reported improvements
in clinical parameters with MF 1.5% after three and six
months. However, variations in the average reduction of
pocket depth, clinical attachment gain, and ossification
rate were observed among the studies. These differences
may stem from variations in MF administration, release
rate, study duration, combination with other agents, and
study design. Regarding the, study design, some studies
employed open flap surgery for debridement, whereas
our study utilized a non-invasive SRP approach (25-27).
Furthermore, it is worth noting that the reduction in
PD depends on the initial depth of the pocket (17), and
periodontal bone healing remarkably occurs in the first
3 months post-treatment (28), indicating the necessity
of longer treatment durations for MF to fully impact the
tissues.

Pradeep et al conducted three studies analyzing MF
concentration, treatment duration, the method of MF
induction, and differences in initial pocket depth between
treatment sites. In their first study, they delivered three MF
gel concentrations (0.5%, 1%, and 1.5%) subgingivally to
treat chronic periodontitis. They reported that although all
concentrations reduced PD and CAL, the healing impact
of the MF 1% concentration was more significant on
intraosseous defects after 6 months, suggesting maximal
clinical benefits at the minimal dosage (29). Hence, we
adopted the MF 1% concentration in our study. In their
second study, they demonstrated greater improvements
in periodontal parameters after 9 months compared
to a previous 6-month study, particularly in clinical
attachment gain among sites with pocket depths>7
mm versus those>5 mm (9). In their third study, MF
induction was administered in three stages (at baseline,
for three months, and for six months) with similar results
(17), which contradicts our study finding, where MF was
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Table 2. Clinical Parameters for MF and Placebo Groups (Mean +SD) at Different Time Intervals (in mm)

Parameter Visit Placebo Group (mean +SD) MF Group (mean +SD) P Value®
Baseline 6.79+1.53 7.33+1.96 0.366
3 Weeks 5.70+1.38 5.16+1.025 0.193
P 2 Months 5.29+1.32 4.35+0.97 0.019
4 Months 4.92+1.32 3.83+0.96 0.007
P value? >0.001 >0.001
Baseline 6.35+0.77 6.68+0.81 0.214
3 Weeks 511+1.17 4.85+1.25 0.524
CAL
2 Months 4.96+1.05 4.16+1.18 0.041
4 Months 4.63+1.01 3.71+1.14 0.014
P value? >0.001 >0.001
Baseline 0.52+0.69 0.65+0.78 0.602
3 Weeks 0.57+0.72 0.66+0.77 0.712
or 2 Months 0.63+0.77 0.66+0.77 0.780
4 Months 0.65+0.77 0.72+0.79 0.777
P value? 0.319

Note. SD: Standard deviation; PD: Probing depth; CAL: Clinical attachment level; GR: Gingival recession; MF: Metformin; ANOVA: Analysis of variance.

2One-way repeated measures ANOVA, " Independent t-test.

Table 3. Comparison of F the Beginning to the 4th Month After Scaling and Root Planning

Clinical Parameters Group Mean Standard Deviation Test Statistic P Value®
Experimental -3.49 1.24
PD
Control -1.87 0.64 4.946 0.001>
Experimental +0.07 0.18
GR
Control +0.13 0.23 0.798 0.431
Experimental -2.98 0.96
CAL
Control -1.72 0.55 4.838 0.001>

Note. PD: Probing depth; CAL: Clinical attachment level; GR: Gingival recession.

“Independent t-test.

induced in two stages.

In a similar project, Sreedhar et al (30) divided the test
group into two subgroups based on MF induction timing,
namely, one-step induction on the first day after scaling
versus two-step induction on the first day and thirty
days after scaling. Both subgroups showed periodontal
parameter improvements after three months, with no
significant difference in PD reduction. This highlights
variations in treatment methods, particularly in the
number of MF administrations and the time intervals
for retreatment. In most studies, MF treatment was
administered only at the study’s baseline, whereas in the
present study, MF was subgingivally used at baseline and
after two months.

The increase in clinical attachment by MF can be
attributed to its antioxidant and anti-inflammatory
properties and  diminution of inflammatory
cytokines, including IL-1 beta and 18 (15), and matrix
metalloproteinase (MMP)-1, -2, and -8 (12). MMPs, by
degrading type I and III collagens, lead to loss of tissue
adhesion and the initiation of periodontal pockets (31).
Additionally, the improvement in PD with topical MF use
can be attributed to its osteogenic properties, including the

stimulation of osteoblastic differentiation and inhibition
of osteoclastic differentiation (10,16, 32). Our findings
conform to those of other studies, showing reduced
pocket depth with subgingival MF use (9,17,25,33,34).
Local application of the MF gel in periodontal pockets
offers sustained concentration, potentially boosting its
anti-inflammatory and bone-protective effects while
avoiding systemic side effects (9). However, drawbacks
such as multiple applications, cost, local irritation,
and patient compliance issues should be taken into
consideration (35). Additionally, factors such as patient
demographics, which may be influenced by genetic
or environmental differences, and comorbidities such
as systemic diseases, smoking habits, and immune
responses, may influence the applicability of these
results across different populations (24,36). Our study
highlights the positive impact of topical MF on the most
important clinical parameters of periodontitis, PD and
CAL, conducted under completely blinded conditions,
but acknowledges limitations such as a small sample
size and specific inclusion criteria. Accordingly, future
research with larger cohorts and longer durations,
considering interference factors, is necessary to enhance
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generalizability.

Conclusion

In summary, the findings of this study demonstrated
that the local delivery of the 1% MF gel in chronic
periodontitis patients with baseline PD>6 mm and
CAL>5 mm resulted in a significant enhancement in
clinical parameters, including PD (3.49 mm) and CAL
(2.98 mm) when compared to the placebo gel (1.87 mm
and 1.72 mm, respectively) used adjunctively to SRP. MF
offers a promising avenue for managing severe chronic
periodontitis without the need for an aggressive approach.
However, extended multicenter randomized, controlled
clinical trials are necessary to assess the applicability
of these findings to broader and more diverse patient
populations. In addition, the simultaneous examination
of clinical parameters and more sensitive biomarkers,
such as IL, can yield stronger results.
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