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A B S T R A C T

Background: Melatonin is one substance that is primarily generated by the pineal gland and numerous other 
tissues and has vital involvement in many physiological processes, including bone remodeling. Over the last 
several years, another emerging molecule serving as a potential candidate for periodontal regeneration is the 
hyaluronic acid (HA), a key extracellular matrix component involved in cell migration. The aim of this study is 
the additive effect of hyaluronic acid and melatonin with GTR membrane in intrabony defects among patients 
with chronic periodontitis.
Materials and methods: 15 bilateral intra-bony defects were treated either with Hyaluronic acid and melatonin 
along with GTR membrane (Group I), or GTR membrane alone (Group II). Clinical and radiographic parameters 
assessed were pocket depth, clinical attachment level, and volume of bone defect at baseline and 6 months after 
the intervention. The biochemical parameter assessed was Matrix metalloproteinase - 1 (MMP-1) and Tissue 
inhibitor of metalloproteinase (TIMP-1) at baseline and one month after the intervention.
Results: Both the study groups showed statistically significant differences in all the parameters from baseline to 
follow-up. However, group 1 (Hyaluronic acid + Melatonin + GTR membrane) showed statistically significant 
improvement in all the study parameters when compared to group 2 (GTR alone).
Conclusion: It can be concluded that the combination of hyaluronic acid and melatonin was effective in the 
regeneration of intrabony defects among patients with chronic periodontitis. However, further studies with a 
longer time period and with additional microbiological assessment would be desirable so as to substantiate the 
current results.

1. Introduction

Periodontal disease, characterized by inflammation affecting the 
gingiva, alveolar bone, and periodontal ligament, is primarily initiated 
by a shift in microbial flora.1 The inflammatory response of the host 
plays a pivotal role in the disease's progression and subsequent tissue 
destruction. A notable event in periodontitis development is the con
version of junctional epithelium to pocket epithelium, influenced either 
directly by microorganisms or indirectly by the host tissue response.2

The interaction between microorganisms and the host determines the 
course and extent of the disease.3 Conventional mechanical debridement 
alone cannot eliminate all periodontopathic bacteria, particularly those 
in challenging areas like grooves, furcations, concavities, and deep 

pockets, presenting a clinical challenge, especially with pockets associ
ated with deep intra-bony defects.4

Numerous regenerative techniques have been explored over the 
years to restore compromised teeth affected by periodontal disease.5 The 
goal of regenerative therapy is to rehabilitate the lost periodontal tis
sues. Various regenerative approaches involve bone grafts, guided tissue 
regeneration, platelet concentrates, and growth factors.6 Complete 
regeneration necessitates a combination of materials with 
anti-inflammatory and antioxidant properties, along with a scaffold 
serving as an extracellular matrix7,8.

Melatonin, an endogenous hormone synthesized primarily by the 
pineal gland, has regenerative potential and is involved in bone 
remodeling, dental implant osseointegration, and addressing 
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osteoporosis.9 Studies have demonstrated melatonin's role in enhancing 
the proliferation of pre-osteoblasts, osteoblasts, and osteoblast-like cells, 
promoting the expression of type I collagen and bone marker proteins, 
and facilitating the formation of the mineralized matrix.10 Melatonin 
also influences energy metabolism and exhibits anti-inflammatory and 
antioxidant actions 11–15. Its anti-inflammatory effects are attributed to 
the regulation of pro- and anti-inflammatory cytokines in various 
pathophysiological conditions, contributing to bone formation by 
stimulating osteoblast proliferation and functioning as an osteo
conductive scaffold.16

Both hyaluronic acid (HA) and melatonin are known for their 
favorable influence on periodontal wound healing. HA contributes to 
angiogenesis, fibroblast migration, and extracellular matrix stabiliza
tion, while melatonin exerts potent antioxidant, anti-inflammatory, and 
osteopromotive effects. The rationale behind combining these two bio
molecules lies in their complementary biological mechanisms—HA's 
regenerative scaffold properties and melatonin's modulation of bone 
metabolism and oxidative stress. Their combined application with GTR 
may therefore yield an additive regenerative effect that enhances bone 
fill and clinical outcomes compared to GTR alone. Although both HA 
and melatonin have been individually studied, their combined use in 
humans remains limited in periodontal regeneration. The hypothesis 
tested was that the combination therapy would result in significantly 
greater clinical attachment gain, defect fill, and early biochemical 
modulation than GTR alone. Although the study did not include separate 
HA or melatonin control groups, it aimed to specifically evaluate their 
additive effect with GTR.

Tissue growth involves not only intracellular processes but also in
teractions between cells and the extracellular matrix 17–19. Hyaluronic 
acid (HA), a natural component of the extracellular matrix, is used in 
regenerative treatments due to its ability to mimic the extracellular 
environment.20,21 Biomimetic ECM incorporation enhances cell 

adhesion, proliferation, and differentiation. HA, known for its role in 
inflammation, granulation tissue formation, epithelial development, 
and tissue remodeling, is postulated to contribute to periodontal wound 
healing.22,23 Nonsurgical periodontal therapy, incorporating HA, dem
onstrates anti-inflammatory, anti-edematous, and antibacterial ef
fects.24 The supplementary application of hyaluronic acid (HA) in 
non-surgical approaches to periodontal care, such as scaling and root 
planing (SRP), has been associated with improved clinical results, 
including reduction in bleeding and probing depth 25–27. Nevertheless, 
when HA is administered subgingivally as an adjunct to SRP in chronic 
periodontitis cases, there is a lack of significant changes in the bacterial 
composition of subgingival plaque sentence as per reviewer sugges
tion.28 Significantly, incorporating hyaluronic acid as a supplementary 
component in periodontal surgical procedures has demonstrated favor
able results with respect to clinical parameters 29–38.

The current study aims to assess the combined impact of hyaluronic 
acid and melatonin when used in conjunction with a GTR membrane for 
treating intrabony defects in individuals diagnosed with chronic 
periodontitis.

2. Materials and method

A prospective, randomized controlled split-mouth clinical trial was 
designed to investigate the additional impact of hyaluronic acid and 
melatonin, along with a GTR membrane, on bone regeneration in 
intrabony periodontal defects. This study adhered to the principles of 
the Helsinki Declaration of 1975, as revised in 2013. Participants for the 
study were enlisted from individuals seeking outpatient care at the 
Department of Periodontics at Saveetha Dental College in Chennai, 
India, adhering to pre-established inclusion and exclusion criteria. A 
detailed explanation of the planned treatment was provided to all pa
tients, and their informed consent was obtained. The study's design is 

Fig. 1. CONSORT flow chart.
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depicted following the CONSORT flowchart, presented in Fig. 1.

3. Inclusion criteria

Individuals aged between 20 and 60 years, diagnosed with chronic 
periodontitis according to the 1999 American Academy of Periodon
tology classification, were eligible for inclusion. The criteria for inclu
sion involved the presence of one or two pairs of contralateral intrabony 
pockets associated with maxillary or mandibular molars, exhibiting a 
probing depth (PD) equal to or greater than 5 mm and clinical attach
ment loss (CAL) equal to or exceeding 4 mm. Additionally, three 
dimensional radiographic measurement of the two or three walled de
fects was done using cone-beam computed tomography.

4. Exclusion criteria

Individuals with pre-existing systemic illnesses, those taking medi
cations known to influence the results of periodontal therapy or affect 
platelets, individuals on drugs that impede blood clotting, smokers, 
pregnant women, individuals with mobile teeth, excessive occlusal 
contacts, carious teeth, and loss of vitality in the affected area/tooth 
were considered exclusion criteria for this study.

5. Sample size calculation

Based on the study done by et al., sample calculation was done using 
G Power with power and α error at 90 and 0.05 respectively, which 
showed that a minimal sample size of 15 was required in each group.39

6. Randomization and allocation concealment

Lottery method was used for randomization. Lots were prepared in 
which the tooth number in relation to the intrabony pocket was 
mentioned. Both the lots representing each of the contralateral sites 
were placed in an envelope. A person other than the operator was asked 
to pick up one slip from the envelope, and the site which was picked up 
was allotted to group I (Hyaluronic acid + Melatonin + GTR mem
brane), and the other contra lateral site was allotted to group II (GTR 
membrane alone).

7. Armamentarium used

Mouth mirror, UNC 15 Pressure sensitive periodontal probe, Shep
herd's hook explorer, Tweezer, Ultrasonic scaler, Kidney tray, Bard 
Parker handle, No. 15 Bard Parker blade, Periosteal elevator, Area 
specific Gracey curettes (Hu- Friedy), Tissue forceps, Glass dappen dish, 
3-0 non-absorbable silk suture, needle holder and surgical scissors.

8. Clinical measurements

The probing depth (PD) and clinical attachment level (CAL) were 
measured with a pressure-sensitive University of North Carolina No 15 
(UNC-15) probe. To standardize the positioning of the probe and ensure 
precise placement at various time points, custom-made acrylic stents 
with grooves were employed.

9. Radiographic measurements

In all instances, a CBCT scanner equipped with a flat panel detector 
(CS 9600 Carestream flat panel detector) was utilized, with an exposure 
volume configured at 102 mm in diameter and 102 mm in height. The 
manufacturer's recommended settings of 120 kV and 6.3 mA were 
applied, with an exposure duration of 15 s and a total exposure of 796 
mGy/cm2. The assessment of defect volume was conducted using the 
medical image viewer in DICOM viewer through live-wire freehand 
modeling. Measurements of defect volume were taken at both baseline 

and 6 months.40

10. GCF sample collection

The levels of MMP-1 and TIMP-1 were assessed in gingival crevicular 
fluid (GCF) at two time points: baseline (before periodontal flap surgery) 
and 1 month postoperatively. Before GCF collection, supra gingival 
plaque was removed from each tooth using cotton pellets. Cotton rolls 
were employed to isolate and gently air dry individual tooth sites. GCF 
was collected by placing calibrated capillary tubes at the gingival 
crevice entrance. Subsequently, 1 μl of GCF was transferred into an 
Eppendorf tube containing 98 μl of Phosphate Buffered Saline (PBS) and 
1 μl of a protease inhibitor cocktail using a jet of air pressure from the 
capillary tube. The samples were then stored at − 20 ◦C.

11. Matrix metalloproteinase 1 & tissue inhibitor of 
metalloproteinase 1 levels analysis

Gingival crevicular fluid (GCF) concentrations of MMP-1 and TIMP-1 
were determined using enzyme-linked immunosorbent assay (ELISA) 
with commercially available kits (RayBiosHuman MMP-1 ELISA Kit and 
RayBiosHuman TIMP-1 ELISA Kit) specifically designed for human 
MMP-1 and human TIMP-1. The GCF samples were suitably diluted (at a 
ratio of 1:40 for MMP-1 and 1:100 for TIMP-1) using the provided 
diluent in the ELISA kit. All procedures of the assay were carried out in 
accordance with the manufacturer's instructions.

After preparation, both samples and standards were incubated for 
2.5 h at room temperature in wells pre-coated for this purpose. The 
solution was then discarded, and each well underwent four washes. A 
100 μl aliquot of the prepared biotin antibody was added and incubated 
for 1 h at room temperature. Following another round of washing, 100 μl 
of the prepared HRP Streptavidin solution was added and left to incu
bate for 45 min at room temperature. After a final wash, 100 μl of tet
ramethylbenzidine one-step substrate reagent was added and allowed to 
incubate for 30 min at room temperature. The reaction was terminated 
by adding 50 μl of Stop Solution to each well, and the optical densities of 
both standards and samples were promptly measured at a wavelength of 
450 nm.

12. Clinical procedures

12.1. Pre surgical procedure

This clinical investigation adopted a randomized controlled trial 
design with a split-mouth configuration. Site selection involved random 
allocation into two groups: Group I (Hyaluronic acid +Melatonin +GTR 
membrane) and Group II (GTR alone), employing a lottery method. 
Following an initial comprehensive examination and treatment plan
ning, participants received meticulous instructions on oral hygiene 
practices geared towards plaque control. Scaling and root planing car
ried out was systematically. Participants were further directed to 
incorporate a 0.2 % chlorhexidine mouth rinse into their daily routine, 
twice daily, for a prescribed two-week period following SRP.

12.2. Hyaluronic acid and melatonin preparation

5 mg of melatonin powder was measured using a laboratory weight 
measuring instrument. It was then mixed with 0.8 % Hyaluronic acid gel 
(Gengigel ®). Melatonin used was pharmaceutical-grade, Sigma- 
Aldrich, USA, purity ≥98 %.

12.3. Surgical procedure

Group 1 sites underwent treatment involving Hyaluronic acid and 
melatonin in combination with a resorbable guided tissue regeneration 
membrane (Periocol-GTR) post open flap debridement (OFD). 
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Conversely, Group 2 sites on the contralateral side received treatment 
solely with the GTR membrane following OFD. Preceding the operation, 
patients were instructed to perform preoperative 0.2 % chlorhexidine 
rinses.

Following the administration of local anesthesia (lignocaine with 
adrenaline 1:2,00,000), Kirkland flap was elevated. Using area specific 
curettes, root planing followed by debridement of the defect was carried 
out. The mixture of Hyaluronic acid gel and melatonin was packed into 
the defect and GTR membrane placed over it in Group I, GTR membrane 
alone was placed in Group II defects. Flap was secured after reposi
tioning the mucoperiosteal flap using 3-0 non-absorbable silk suture. 
Following the procedure, patients were provided with postoperative 
prescriptions for non-steroidal anti-inflammatory medication and sys
temic antibiotics. Also, postoperative instructions were given. After 1 
week, the sutures were removed and saline irrigation done. The surgical 
procedure is depicted in Fig. 2.

12.4. POST-SURGICAL measurements

Six months post-surgery, a clinical and radiographic assessment was 
conducted (see Fig. 3). Probing depth and clinical attachment level 
measurements were recorded using acrylic stents that had been 
employed previously. Baseline and one-month post-surgery evaluations 
included the assessment of MMP-1 and TIMP-1 levels in gingival crev
icular fluid (GCF).

13. Statistical analysis

The data obtained were recorded into a spreadsheet and subjected to 
comprehensive analysis using SPSS for Windows (Statistical Package for 
the Social Sciences, version 21) within the context of the research. Inter- 
group comparisons were evaluated through an independent t-test, while 
intra-group evaluations were performed using a paired t-test to scruti
nize parameters across distinct time intervals within each group. A 
predetermined threshold of statistical significance was established at p 
< 0.05 for all conducted tests.

14. Results

Within the framework of this randomized controlled clinical trial, 17 
bilateral intra-bony defects were subject to treatment using either Hy
aluronic acid + melatonin + GTR membrane (Group I, n = 17) or GTR 
membrane alone (Group II, n = 17). Due to two dropouts, 15 bilateral 
intra-bony defect sites were diligently followed throughout the study 
duration. No discernible adverse effects were clinically evident 

following the intervention among the enrolled patients.
The mean and standard deviation of age, as well as the percentage 

distribution of male and female participants, were calculated. The 
average age of patients was 38.8 ± 6.2 years, with 62 % being male per 
reviewer comment and 38 % female.

Clinical parameters such as probing depth and clinical attachment 
level, along with radiographic parameters such as defect volume in 
CBCT, were assessed at baseline and 6 months. Biochemical parameters, 
specifically MMP-1 and TIMP-1 levels in GCF, were measured at baseline 
and one month after the intervention.

Normality of the data was confirmed through Shapiro-Wilk and 
Kolmogrov Smirnov tests, indicating normally distributed data. Conse
quently, parametric tests were selected. Independent t-tests were con
ducted for inter-group comparisons between Group I and Group II. 
Paired t-tests were employed for intra-group comparisons within Group 
I and Group II separately, evaluating changes from baseline to 6 months 
after intervention for PD, CAL, and defect volume, and from baseline to 1 
month after intervention for MMP and TIMP-1 levels.

Intergroup comparison at baseline revealed no statistically signifi
cant differences, indicating a homogeneous study population (Table 1). 
Intergroup comparisons at 6 months after intervention and 1 month 
after intervention for various parameters demonstrated statistically 
significant differences between the two groups (Table 2).

Intra-group comparisons for Group I exhibited a statistically signif
icant reduction in PD, CAL, and defect volume at 6 months after inter
vention and a significant reduction in MMP-1 and an increase in TIMP-1 
at 1 month after intervention (p < 0.05) (Table 3) (see Table 4).

Similarly, intragroup comparisons for Group II revealed a statisti
cally significant reduction in PD and CAL at 6 months after intervention, 
as well as a significant reduction in MMP-1 and an increase in TIMP-1 at 
1 month after intervention. A statistically significant reduction in defect.

Cone-beam computed tomography (CBCT) evaluation demonstrated 
a marked reduction in defect volume in the test group (GTR + HA +
melatonin) between baseline and 6 months. The reconstructed three- 
dimensional CBCT image (Fig. 2) clearly depicts bone fill and volu
metric reduction of the intrabony defect, indicating favorable regener
ative response. Representative CBCT sections of the test site are shown 
below, illustrating the volumetric change from baseline to 6 months.

15. Discussion

Periodontitis is a persistent inflammatory condition that leads to the 
deterioration of the supporting structures within the periodontium. It is 
primarily mediated by biofilm and the host response, which eventually 
leads to alveolar bone loss and intrabony defects.

Fig. 2. Surgical procedure.
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The radiographic findings in this study were substantiated through 
CBCT-based volumetric evaluation, which provided three-dimensional 
confirmation of bone fill and defect reduction. The enhanced bone 
regeneration observed in the combination group aligns with the bio
logical potential of HA and melatonin to promote osteoblastic differ
entiation, angiogenesis, and antioxidant protection at the healing site. 
The use of CBCT represents a significant methodological strength, of
fering superior accuracy compared to conventional intraoral periapical 
radiographs used in previous studies. The three-dimensional recon
struction (Fig. 2) provided visual and quantitative confirmation of defect 
fill, complementing the clinical and biochemical improvements 
observed in the test group. The ability of CBCT to capture volumetric 
bone changes with high spatial resolution represents a methodological 
strength of this study, offering more accurate assessment than conven
tional periapical radiographs. Although only representative CBCT im
ages of the test group are presented, the contralateral control sites 
exhibited comparatively lesser bone fill on linear CBCT measurements, 
in line with the clinical outcomes.

The present study demonstrates several important methodological 
and clinical strengths that enhance the reliability and relevance of the 
findings. The split-mouth randomized controlled design is a key meth
odological advantage, markedly reducing inter-patient variability and 
ensuring that both treatment modalities were assessed under compara
ble biological and anatomical conditions. The use of standardized 
acrylic stents, pressure-sensitive probes, and calibrated measurements 
further improved consistency and minimized examiner-related errors. 
Additionally, the incorporation of CBCT-based three-dimensional volu
metric analysis represents a significant clinical and methodological 
strength, offering superior accuracy and spatial resolution compared to 
traditional two-dimensional radiographs. This advanced imaging mo
dality enabled precise quantification of defect morphology and bone fill, 
providing a more robust assessment of regenerative outcomes. Clini
cally, the novel combination of hyaluronic acid and melatonin with a 
GTR membrane reflects a biologically driven, minimally invasive 
regenerative approach that integrates scaffold stability, antioxidant 

Fig. 3. Improvement in defect volume in CBCT in the test group at 6 months.

Table 1 
Inter-group comparison of PD, CAL, MMP-1, TIMP-1 and defect volume between 
different groups at baseline (Independent t-test).

VARIABLES GROUP I (HYALURONIC 
ACID + MELATONIN + GTR 
MEMBRANE IN INTRA- 
BONY DEFECTS

GROUP II (GTR 
ALONE) IN INTRA- 
BONY DEFECTS

P 
VALUE

Probing depth 7.60 ± 1.59 7.26 ± 1.33 0.54
CAL 8.60 ± 1.63 8.20 ± 1.01 0.42
MMP-1 levels 

in GCF
1.77 ± 0.09 1.76 ± 0.09 0.71

TIMP-1 levels 
in GCF

26.50 ± 0.37 26.95 ± 0.37 0.98

Ratio of MMP- 
1 to TIMP-1

0.06 ± 0.004 0.06 ± 0.004 0.24

Defect volume 3.61 ± 0.14 3.65 ± 0.08 0.29

Table 2 
Inter-group comparison of PD, CAL, MMP-1, TIMP-1 and defect volume between 
different groups at follow up (Independent t-test).

VARIABLES GROUP I (HYALURONIC 
ACID + MELATONIN + GTR 
MEMBRANE IN INTRA- 
BONY DEFECTS

GROUP II (GTR 
ALONE) IN INTRA- 
BONY DEFECTS

P 
VALUE

Probing depth 
(6 months)

3.86 ± 1.30 5.93 ± 1.09 0.04*

CAL (6 months) 5.20 ± 0.77 6.86 ± 0.74 0.02*
MMP-1 levels in 

GCF (1 
month)

1.10 ± 0.08 1.66 ± 0.09 0.04*

TIMP-1 levels in 
GCF (1 
month)

44.63 ± 1.50 35.60 ± 2.07 0.04*

Ratio of MMP-1 
to TIMP-1 (1 
month)

0.02 ± 0.00 0.04 ± 0.00 0.03*

Defect volume 2.08 ± 0.04 2.78 ± 0.11 0.03*

Table 3 
Intra-group comparison within Group I (Hyaluronic acid + Melatonin) between 
baseline and follow-up (Paired t-test).

VARIABLES Time points Mean ± SD P VALUE

Probing depth Baseline 7.60 ± 1.59 0.000*
At 6months 3.86 ± 1.30

CAL Baseline 8.60 ± 1.63 0.000*
At 6months 5.20 ± 0.77

MMP-1 levels in GCF Baseline 1.77 ± 0.09 0.000*
At 1month 1.10 ± 0.08

TIMP-1 levels in GCF Baseline 26.50 ± 0.37 0.000*
At 1 month 44.63 ± 1.50

Ratio of MMP-1 to TIMP-1 Baseline 0.06 ± 0.004 0.000*
At 1 month 0.02 ± 0.00

Defect volume Baseline 3.61 ± 0.14 0.000*
At 6months 2.08 ± 0.04

Table 4 
Intra-group comparison within Group II (GTR alone) between baseline and 
follow-up (Paired t-test).

VARIABLES Time points Mean ± SD P VALUE

Probing depth Baseline 7.26 ± 1.33 0.02*
At 6months 5.93 ± 1.09

CAL Baseline 8.20 ± 1.01 0.02*
At 6months 6.86 ± 0.74

MMP-1 levels in GCF Baseline 1.76 ± 0.09 0.02*
At 1month 1.66 ± 0.09

TIMP-1 levels in GCF Baseline 26.95 ± 0.37 0.02*
At 1 month 35.60 ± 2.07

Ratio of MMP-1 to TIMP-1 Baseline 0.06 ± 0.004 0.02*
At 1 month 0.04 ± 0.00

Defect volume Baseline 3.65 ± 0.08 0. 02*
At 6months 2.78 ± 0.11
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activity, and osteopromotive effects. The inclusion of biochemical 
markers (MMP-1 and TIMP-1) adds further depth by capturing early 
host-response modulation, complementing the clinical and radiographic 
outcomes. Collectively, these methodological and clinical strengths 
enhance the credibility of the study and support the observed superiority 
of the combination therapy over GTR alone.

The effective restoration of periodontal tissues post-periodontal 
disease poses an ongoing challenge in medical research, despite 
considerable exploration and a nuanced understanding of periodontal 
tissue biology. Two primary strategies employed for periodontal 
regeneration are guided tissue regeneration (GTR) and tissue engineer
ing approaches.41 GTR, a well-established clinical method for perio
dontium regeneration, hinges on preventing epithelial apical growth 
over exposed root surfaces using a barrier membrane. This process fos
ters the development of periodontal ligament (PDL) tissues and alveolar 
bone by facilitating the proliferation of PDL cells and osteoblasts.42

Factors such as diabetes, smoking, dental plaque control, and tooth 
anatomy can significantly impact the outcomes of periodontal regener
ation in medical research.

Periodontal researchers are actively exploring innovative regenera
tive materials, with a particular focus on combination therapy. This 
strategy involves the simultaneous application of various reconstructive 
treatments for periodontal issues to achieve additive per reviewer: 
replaced ‘synergistic’ with ‘additive’ effects. Typically, combinations of 
bone grafts, guided tissue regeneration membranes, and growth 
enhancement factors like Platelet Rich Fibrin (PRF) and Concentrated 
Growth Factor (CGF) are widely endorsed. However, the combination of 
melatonin particles as a bone graft and hyaluronic acid as the carrier has 
not been employed in periodontal regenerative procedures. Combina
tion therapy is generally considered highly reliable and successful, 
especially in managing intrabony defects, as it integrates different 
regenerative principles, including conductivity and inductivity, space 
provision, wound stability, matrix development, and cell differentiation.

This study specifically investigates the regenerative potential of hy
aluronic acid when combined with melatonin for managing intrabony 
defects. Recent histological animal investigations on hyaluronic acid for 
periodontal regeneration have shown promising results, indicating its 
potential to stimulate periodontal regeneration in different defect types 
43–45. This effect is thought to be mediated by interactions with CD44 
during the early stages of periodontal tissue regeneration.

Melatonin, a hormone with accepted osteogenic effects through 
various mechanisms, serves as an additive material in this combination. 
While most studies on melatonin have been conducted in vitro and on 
animals, there is a scarcity of research on its effects in humans.46 This 
study aims to contribute valuable insights into the regenerative potential 
of combining hyaluronic acid and melatonin for the management of 
intrabony defects in the context of periodontal regeneration.47

Conducted as a prospective randomized controlled split-mouth 
clinical trial, the research involved 17 patients and 34 sites. Notably, 
two patients, each contributing four operative sites (two in the experi
mental group and two in the control group), withdrew from the study at 
the 6-month mark. Despite their inability to attend the 6-month follow- 
up due to personal reasons, these participants expressed satisfaction 
with the outcomes of the periodontal surgery. Consequently, the anal
ysis focused on data from 30 sites (15 patients) that were successfully 
followed up until the completion of the study. The randomization pro
cess utilized online software (RandomAlloc.exe.Version 1.0), incorpo
rating parameters such as the number of groups, patients per group, and 
numerical range to generate random numbers. The selected sites 
comprised intrabony defects associated with maxillary or mandibular 
first molars. Each site received a numerical assignment, dictating its 
allocation to either Group I (Hyaluronic acid + melatonin + PerioCol®- 
GTR membrane) or Group II (PerioCol®-GTR membrane alone).

The combination of hyaluronic acid and melatonin exhibited 
compatibility without any adverse effects in the subjects of this study. To 
measure the regenerative efficacy of melatonin, clinical parameters 

including pocket depth (PD), clinical attachment level (CAL), and 
radiographic parameters (defect volume assessment using CBCT) were 
examined at baseline and six months post-intervention. Furthermore, 
biochemical parameters, specifically MMP-1 and TIMP-1 levels in 
gingival crevicular fluid (GCF), were scrutinized using colorimetrically 
optimized kinetic test kits at baseline and one month.

Importantly, at baseline, there was no statistically significant dif
ference observed in all the study parameters (PD, CAL, radiographic 
defect volume, MMP-1, and TIMP-1 levels) between the groups, indi
cating a homogeneous study population at the outset. However, at the 
follow-up, a statistically significant difference emerged in clinical pa
rameters such as probing depth (PD), clinical attachment level (CAL), 
and bone defect volume, as well as MMP-1 and TIMP-1 levels between 
groups 1 and 2.

At the 6-month assessment, Group 1 (Hyaluronic acid + melatonin +
PerioCol®-GTR membrane) exhibited a mean pocket depth (PD) of 3.86 
± 1.30, while Group 2 (PerioCol®-GTR membrane alone) showed a PD 
of 5.93 ± 1.09. Additionally, the mean clinical attachment level (CAL) at 
6 months was 5.20 ± 0.77 for Group 1 and 6.86 ± 0.74 for Group 2. 
These results are consistent with a study where the treatment of 
intrabony defects with a combination of hyaluronic acid and a bone 
grafting material demonstrated superior clinical outcomes compared to 
hyaluronic acid alone. One possible explanation for these differences is 
that hyaluronic acid (HA), similar to other biologics, has a fluid con
sistency that may impede its ability to create sufficient space for effec
tive periodontal regeneration.48,49 This characteristic could lead to the 
collapse of the mucoperiosteal flap, limiting the success of regenerative 
surgery. Combining HA with a bone grafting material may address this 
issue by providing robust support to the mucoperiosteal flap, preventing 
its collapse into the defect, thereby ensuring clot stability and offering 
the necessary space for periodontal regeneration.50

In the current investigation, Group 1 exhibited a statistically signif
icant decrease in pocket depth (PD) compared to Group 2. These results 
are in line with prior studies examining the effectiveness of incorpo
rating melatonin with scaling and root planing (SRP) in managing 
intrabony defects.51,52 This congruence in findings could be attributed 
to melatonin's anti-inflammatory properties, which are associated with 
its role as a scavenger for both exogenous and endogenous reactive 
oxygen species (ROS) and reactive nitrogen species.53

The primary cause of periodontal destruction is likely attributed to 
matrix metalloproteinases (MMPs) derived from host cells.54 MMP-1, in 
particular, is suggested to play a crucial role in initiating collagen 
degradation in periodontal disease.55,56 Previous studies have reported 
an increased expression of MMP-1 mRNA in inflamed gingival tissue of 
individuals with chronic periodontitis compared to healthy con
trols57–60. Tissue inhibitors of metalloproteinases (TIMPs) bind to 
MMPs, irreversibly inhibiting their enzyme activity. Altered TIMP 
expression is a known occurrence in various disease processes, influ
encing the processing of the extracellular matrix.61 There is speculation 
that TIMP-1 may be more effective in inhibiting MMP-1.62 Thus, this 
study aimed to investigate changes in gingival crevicular fluid (GCF) 
levels of MMP-1 and TIMP-1 in individuals with both periodontal health 
and disease. ELISA was selected as the method for detecting GCF levels 
of MMP-1 and TIMP-1 in the present study.

Results obtained in the current study revealed a statistically signifi
cant reduction in the level of matrix metalloproteinase-1 (MMP-1) in 
gingival crevicular fluid (GCF) and a concurrent increase in tissue in
hibitor of metalloproteinase-1 (TIMP-1) levels from baseline to one 
month postoperatively in both experimental groups. Furthermore, 
Group 1 exhibited a notably higher reduction in MMP-1 levels (1.10 ±
0.08) compared to Group 2 (1.66 ± 0.09), and a more substantial in
crease in TIMP-1 levels (44.63 ± 1.50) compared to Group 2 (35.60 ±
2.07). The MMP-1/TIMP-1 ratio was significantly elevated in subjects 
from Group 2 (0.04) compared to Group 1 (0.02). These findings suggest 
that maintaining a balanced ratio of GCF MMP-1 and TIMP-1 levels 
plays a crucial role in preserving a healthy periodontal condition. This 
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observation is consistent with previous studies that assessed MMP-1 and 
TIMP-1 levels before and after nonsurgical periodontal therapy in in
dividuals with chronic periodontitis 63–66. While the observed reduction 
in MMP-1 levels and improvement in the MMP-1/TIMP-1 balance at 1 
month suggest favorable modulation of the early healing environment, 
these findings should be interpreted within the context of short-term 
biochemical behavior. Because biomarkers were assessed only once, 
the study cannot establish a direct causal link between early molecular 
changes and the 6-month clinical improvements. Thus, the biochemical 
results support—but cannot definitively explain—the clinical outcomes. 
Additional studies with serial biomarker measurements are required to 
confirm the trajectory of inflammatory and remodeling responses asso
ciated with laser-assisted regenerative therapy.

In this study, a substantial and statistically significant reduction in 
defect volume was observed in Group 1 (Hyaluronic acid + melatonin +
PerioCol®-GTR membrane - 2.08 ± 0.04) compared to Group 2 (Peri
oCol®-GTR membrane - 2.78 ± 0.11) at the 6-month follow-up, with a 
p-value below 0.05 threshold per reviewer comment. This finding aligns 
with a separate study where Group II (1 % melatonin gel - 1.46 ± 0.58 
mm) exhibited a greater amount of bone fill compared to Group I 
(Placebo - 0.50 ± 0.38 mm) at the 6-month mark (P < 0.0001).67

Consistent results were also noted in two other animal studies,68,69

where in entire periodontal bone defect was filled with new lamellar 
bone and a narrow marrow.70,71

To our knowledge, this is the first study to evaluate the cumulative 
impact of melatonin combined with hyaluronic acid using a guided 
tissue regeneration (GTR) membrane in intrabony defects, in compari
son to GTR membrane alone. Notably, radiographic evaluation was 
conducted employing cone-beam computed tomography (CBCT), 
marking a departure from previous studies that utilized intraoral peri
apical radiographs.72

The utilization of locally administered melatonin in conjunction with 
hyaluronic acid exhibited a substantial enhancement across all clinical 
and radiographic parameters in our current investigation. This combi
nation emerges as an innovative integration into conventional peri
odontal treatment strategies, offering improved outcomes supported by 
well-established immunomodulatory, anti-inflammatory, and potent 
antioxidant attributes. Furthermore, its application in periodontal bony 
defects shows promise for aiding bone healing and facilitating new bone 
formation. Additionally, considering the acknowledged efficacy of hy
aluronic acid as a soft tissue filler, it presents an additional advantage in 
potentially averting the loss of interdental papilla following flap surgery. 
Acknowledging the novelty of this combination in the realm of regen
erative biomaterials, it's crucial to recognize that multiple factors may 
have contributed to the observed outcomes. Despite the strengths of the 
study, certain limitations must be acknowledged. Biomarker evaluation 
was performed only at the 1-month postoperative interval, which pro
vides insight primarily into early healing events. The absence of addi
tional early (e.g., 1–2 weeks) and late (3–6 months) time points limits 
the ability to comprehensively map the temporal dynamics of MMP-1 
and TIMP-1 expression and to correlate these biochemical findings 
with long-term clinical outcomes. Therefore, the 1-month biomarker 
results should be interpreted cautiously and not as definitive evidence of 
long-term periodontal regeneration. Future studies incorporating mul
tiple time-point analyses and larger sample sizes may provide deeper 
understanding of the host response in regenerative therapy.

16. Conclusion

Within the limitations of this study, it can be concluded that the 
combination of hyaluronic acid and melatonin with guided tissue 
regeneration resulted in superior clinical and radiographic outcomes 
compared to GTR alone. The use of CBCT further confirmed the 
enhanced bone fill, suggesting that this combination therapy may serve 
as a promising adjunct in periodontal regenerative therapy.
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40. Furtado Á, Furtado GC, El Haje O, et al. Soft-tissue cone-beam computed 
tomography (ST-CBCT) technique for the analysis of skeletal, dental and periodontal 
effects of orthopedic rapid maxillary expansion. J Clin Exp Dent. 2018 Sep;10(9): 
e883–e890.

41. Galarraga-Vinueza ME, Dohle E, Ramanauskaite A, et al. Anti-inflammatory and 
macrophage polarization effects of cranberry proanthocyanidins (PACs) for 
periodontal and peri-implant disease therapy. J Periodontal Res. 2020 Dec;55(6): 
821–829.

42. Meyer U, Meyer T, Handschel J, Wiesmann HP. Fundamentals of Tissue Engineering 
and Regenerative Medicine. Springer Science & Business Media; 2009:1049.

43. Asparuhova MB, Kiryak D, Eliezer M, Mihov D, Sculean A. Activity of two 
hyaluronan preparations on primary human oral fibroblasts [Internet]. J Periodontal 
Res. 2019;54:33–45. https://doi.org/10.1111/jre.12602.

44. Zou L, Zou X, Chen L, et al. Effect of hyaluronan on osteogenic differentiation of 
porcine bone marrow stromal cells in vitro [Internet]. J Orthop Res. 2008;26: 
713–720. https://doi.org/10.1002/jor.20539.

45. Raines AL, Sunwoo M, Gertzman AA, et al. Hyaluronic acid stimulates 
neovascularization during the regeneration of bone marrow after ablation 
[Internet]. J Biomed Mater Res. 2011;96A:575–583. https://doi.org/10.1002/jbm. 
a.33012.

46. Shirakata Y, Imafuji T, Nakamura T, et al. Periodontal wound healing/regeneration 
of two-wall intrabony defects following reconstructive surgery with cross-linked 
hyaluronic acid-gel with or without a collagen matrix: a preclinical study in dogs. 
Quintessence Int. 2021;0(0):308–316.

47. Takeda K, Sakai N, Shiba H, et al. Characteristics of high-molecular-weight 
hyaluronic acid as a brain-derived neurotrophic factor scaffold in periodontal tissue 
regeneration [Internet]. Tissue Eng. 2011;17:955–967. https://doi.org/10.1089/ten. 
tea.2010.0070.

48. Jiang T, Xia C, Chen X, et al. Melatonin promotes the BMP9-induced osteogenic 
differentiation of mesenchymal stem cells by activating the AMPK/β-catenin 
signalling pathway. Stem Cell Res Ther. 2019 Dec 21;10(1), 408.

49. Toole BP. Hyaluronan in morphogenesis [Internet]. J Intern Med. 1997;242:35–40. 
https://doi.org/10.1046/j.1365-2796.1997.00171.x.

50. Maria S, Samsonraj RM, Munmun F, et al. Biological effects of melatonin on 
osteoblast/osteoclast cocultures, bone, and quality of life: implications of a role for 
MT2 melatonin receptors, MEK1/2, and MEK5 in melatonin-mediated 
osteoblastogenesis. J Pineal Res [Internet]. 2018 Apr;64(3). https://doi.org/10.1111/ 
jpi.12465.

51. Pilloni A, Rojas MA, Marini L, et al. Healing of intrabony defects following 
regenerative surgery by means of single-flap approach in conjunction with either 
hyaluronic acid or an enamel matrix derivative: a 24-month randomized controlled 
clinical trial. Clin Oral Invest. 2021 Aug;25(8):5095–5107.

52. Nibali L, Sultan D, Arena C, Pelekos G, Lin G, Tonetti M. Periodontal infrabony 
defects: systematic review of healing by defect morphology following regenerative 
surgery [Internet]. J Clin Periodontol. 2021;48:101–114. https://doi.org/10.1111/ 
jcpe.13381.

53. Patil N, Bhedasgaonkar S, Kapadia J. Treatment of infrabony defects with platelet- 
rich fibrin along with bone graft: case report [Internet]. J Int Clin Dental Res Org. 
2015;7:69. https://doi.org/10.4103/2231-0754.153504.

54. El-Sharkawy H, Elmeadawy S, Elshinnawi U, Anees M. Is dietary melatonin 
supplementation a viable adjunctive therapy for chronic periodontitis?-A 
randomized controlled clinical trial. J Periodontal Res. 2019 Apr;54(2):190–197.

55. Bazyar H, Gholinezhad H, Moradi L, et al. The effects of melatonin supplementation 
in adjunct with non-surgical periodontal therapy on periodontal status, serum 
melatonin and inflammatory markers in type 2 diabetes mellitus patients with 
chronic periodontitis: a double-blind, placebo-controlled trial [Internet]. 
Inflammopharmacology. 2019;27:67–76. https://doi.org/10.1007/s10787-018-0539- 
0.

56. Najeeb S, Khurshid Z, Zohaib S, Zafar MS. Therapeutic potential of melatonin in oral 
medicine and periodontology [Internet]. Kaohsiung J Med Sci. 2016;32:391–396. 
https://doi.org/10.1016/j.kjms.2016.06.005.

57. Birkedal-Hansen H. Role of matrix metalloproteinases in human periodontal 
diseases* [Internet]. J Periodontol. 1993;64:474–484. https://doi.org/10.1902/ 
jop.1993.64.5.474.

58. Aiba T, Akeno N, Kawane T, Okamoto H, Horiuchi N. Matrix metalloproteinases-1 
and -8 and TIMP-1 mRNA levels in normal and diseased human gingivae [Internet]. 

S. Soundarajan and S. Malaiappan                                                                                                                                                                                                         Journal of Oral Biology and Craniofacial Research 16 (2026) 101397 

8 

https://doi.org/10.1902/annals.2003.8.1.227
https://doi.org/10.1902/annals.2003.8.1.227
https://doi.org/10.3390/ijms140510063
https://doi.org/10.1074/jbc.274.31.22041
https://doi.org/10.1074/jbc.274.31.22041
https://doi.org/10.1111/j.1600-079x.1999.tb00603.x
https://doi.org/10.1111/j.1600-079x.2006.00318.x
https://doi.org/10.1111/j.1600-079x.2006.00318.x
https://doi.org/10.1111/j.1600-079x.2006.00410.x
https://doi.org/10.1111/j.1600-079x.2006.00410.x
https://doi.org/10.1111/j.1600-079x.2010.00784.x
https://doi.org/10.1038/hr.2016.103
https://doi.org/10.7759/cureus.59202
https://doi.org/10.7759/cureus.59202
https://doi.org/10.7759/cureus.51086
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref19
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref19
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref19
https://doi.org/10.1111/j.1600-079x.2012.01014.x
https://doi.org/10.1111/j.1600-079x.2012.01014.x
https://doi.org/10.2174/1568026616666160824120338
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref22
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref22
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref23
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref23
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref23
https://doi.org/10.1007/s10856-007-3095-5
https://doi.org/10.1007/s10856-007-3095-5
https://doi.org/10.4103/0972-124x.99260
https://doi.org/10.4103/0972-124x.99260
https://doi.org/10.1172/jci109857
https://doi.org/10.1016/s0022-5193(86)80076-5
https://doi.org/10.1016/s0022-5193(86)80076-5
https://doi.org/10.1902/jop.2004.75.8.1114
https://doi.org/10.1902/jop.2004.75.8.1114
https://doi.org/10.12968/denu.2002.29.3.144
https://doi.org/10.12968/denu.2002.29.3.144
https://doi.org/10.1533/9781845693121.223
https://doi.org/10.1533/9781845693121.223
https://doi.org/10.1111/j.1601-0825.2000.tb00325.x
https://doi.org/10.1111/j.1601-0825.2000.tb00325.x
https://doi.org/10.21608/edj.2020.26938.1092
https://doi.org/10.21608/edj.2020.26938.1092
https://doi.org/10.2165/00003495-199447030-00009
https://doi.org/10.2165/00003495-199447030-00009
https://doi.org/10.26226/morressier.5ac383282afeeb00097a4519
https://doi.org/10.1902/jop.2000.72.9.1192
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref36
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref36
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref36
https://doi.org/10.1111/jcpe.12406
https://doi.org/10.1111/jcpe.12406
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref38
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref38
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref38
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref39
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref39
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref39
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref39
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref40
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref40
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref40
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref40
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref41
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref41
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref41
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref41
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref42
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref42
https://doi.org/10.1111/jre.12602
https://doi.org/10.1002/jor.20539
https://doi.org/10.1002/jbm.a.33012
https://doi.org/10.1002/jbm.a.33012
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref46
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref46
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref46
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref46
https://doi.org/10.1089/ten.tea.2010.0070
https://doi.org/10.1089/ten.tea.2010.0070
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref48
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref48
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref48
https://doi.org/10.1046/j.1365-2796.1997.00171.x
https://doi.org/10.1111/jpi.12465
https://doi.org/10.1111/jpi.12465
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref51
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref51
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref51
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref51
https://doi.org/10.1111/jcpe.13381
https://doi.org/10.1111/jcpe.13381
https://doi.org/10.4103/2231-0754.153504
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref54
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref54
http://refhub.elsevier.com/S2212-4268(26)00001-1/sref54
https://doi.org/10.1007/s10787-018-0539-0
https://doi.org/10.1007/s10787-018-0539-0
https://doi.org/10.1016/j.kjms.2016.06.005
https://doi.org/10.1902/jop.1993.64.5.474
https://doi.org/10.1902/jop.1993.64.5.474


Eur J Oral Sci. 1996;104:562–569. https://doi.org/10.1111/j.1600-0722.1996. 
tb00142.x.

59. Nomura T, Takahashi T, Hara K. Expression of TIMP-1, TIMP-2 and collagenase 
mRNA in periodontitis-affected human gingival tissue [Internet]. J Periodontal Res. 
1993;28:354–362. https://doi.org/10.1111/j.1600-0765.1993.tb01079.x.

60. Kubota T, Nomura T, Takahashi T, Hara K. Expression of mRNA for matrix 
metalloproteinases and tissue inhibitors of metalloproteinases in periodontitis- 
affected human gingival tissue [Internet]. Arch Oral Biol. 1996;41:253–262. https:// 
doi.org/10.1016/0003-9969(95)00126-3.

61. Chakraborti S, Dhalla NS. Pathophysiological Aspects of Proteases. Springer; 2017:671.
62. Howard EW, Bullen EC, Banda MJ. Preferential inhibition of 72- and 92-kDa 

gelatinases by tissue inhibitor of metalloproteinases-2 [Internet]. J Biol Chem. 1991; 
266:13070–13075. https://doi.org/10.1016/s0021-9258(18)98804-6.

63. Pozo P, Valenzuela MA, Melej C, et al. Longitudinal analysis of metalloproteinases, 
tissue inhibitors of metalloproteinases and clinical parameters in gingival crevicular 
fluid from periodontitis-affected patients. J Periodontal Res. 2005 Jun;40(3): 
199–207.
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