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ABSTRACT

Title of the research: COMBINATION OF MELATONIN WIT H
HYALURONIC ACID FOR SOCKET PRESERVATION FOLL OWING
EXTRACTION OF POSTERIOR TEETH — A RANDOMIZED CONTRO LLED

TRIAL

Background and Methodology: Tooth extraction often leads to significant ahaol
bone loss, particularly within the first year deenatural remodeling processes. Up to
50% of buccolingual width can be lost, complicatipgosthetic rehabilitation.
Hyaluronic acid (HA) and melatonin have emergedpesmising biomaterials for
socket preservation, enhancing soft tissue healirtyminimizing complications like
dry socket. HA promotes angiogenesis and osteoladasvity, while melatonin
reduces oxidative stress and inflammation, suppgrtsteogenesis. Earlier fewer
studies suggested their synergistic potential foproving clinical outcomes, but
randomized controlled trials are needed to evaluhwr efficacy in posterior
extraction sockets. The primary objective was tal@ate the anti-inflammatory effect
of Melatonin with Hyaluronic acid on post-operatipain through Visual Analog
Scale (VAS). Secondary objectives were to evalymtent’'s satisfaction towards
postoperative pain control, postoperative suppleai@malgesic rescue u@iane and
dose), wound healing potential and osteogenic piatesf the combination. This was
a split mouthsingle-blind randomized controlled trial carried authe department of
Oral and maxillofacial surgery, KLE VK Dental Calle, Belagavi from December
2023 to October 2024. 25 patients requiring bikdtextraction of either maxillary or
mandibular premolars and molars were included.sthdy samples were divided into
two extraction sites — wherein for the study spest-extraction an Absorbable

Gelatin sponge (AGS) soaked in Mixture of Melatomind Hyaluronic acid was

vii



placed in the socket followed by routine closurecontrol site post-extraction, the
sockets were left for spontaneous healing. Thevolip was done afoéday, 3 day,

7" day and 4 months post operatively.

Results Both control and intervention groups were similaterms of demographic

data like gender and age. The control and interwemfroup had a mean age of 32.92.

The study group consistently reported lower mean gpeores than the control group,
with the largest differences observed at 4 hous Ray 5. The results comparing
pain satisfaction scores between the control andlystgroups demonstrated
statistically significant differences, with the dyugroup consistently reporting higher
mean satisfaction scores than the control groupfewise, the results for the
supplemental analgesic dosage suggested that redhdyudy participants required
less supplemental pain medication than controli@pants. While analyzing the
wound healing scores, the study group showed dengig higher mean wound
healing scores and substantially higher mean rankicating better healing

progression.

However, the extremely small mean difference (judt5 mm) confirmed that the
intervention had no measurable effect on bone higdservation. These results were
consistent with bone width and density as welllemively demonstrating that while
the intervention provided significant benefits faoft tissue healing, pain
management, and patient satisfaction, it did noamreyfully influence bone-related

outcomes.

Conclusion The intervention significantly reduced pain, imoped patient
satisfaction, decreased supplemental analgesic ars#, accelerated early wound

healing. However, it showed no measurable impadiare height, width, or density.
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These findings suggest the intervention is effectier soft tissue recovery and

symptom management but does not influence strudiore outcomes.
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Dropouts: There were no drop-outs in this study.

Reporting of adverse effectsThere were no negative consequences as a result of

this study.
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I ntroduction

INTRODUCTION

Tooth Extraction and Alveolar Bone Loss

Extraction of teeth is amongst the most frequerdbrried out dental
procedures, often necessitated by severe cariesneeld periodontal disease, trauma,
or prosthetic requirement8. Following extraction, the socket undergoes a demp
and dynamic healing process involving a seriesiolobical events that ultimately
lead to bone formation and soft tissue rep@ﬂrPost extraction, the alveolar bone
undergoes a natural remodelling process, whichufetly results in significant
dimensional changes, particularly in the buccoladguwvidth. Studies have
demonstrated that up to 50% of alveolar bone waidth be lost within the first 12
months post-extraction, particularly in the posternandible and maxilla, with the
most rapid resorption occurring within the initidiree months® This resorption
occurs due to multiple factors, including disruptiof the periodontal blood supply,
inflammatory responses, and mechanical unloadinghef bone and can further
compromise future prosthetic rehabilitation, inehgddental implant placement, by
reducing available bone voluni&®- While process of wound healing typically occurs
naturally, various biomaterials and bioactive agdmve been developed to accelerate
wound healing, minimize complications (e.g., drglgt), and preserve alveolar bone
volume for future prosthetic rehabilitatiof This is where complex Alveolar ridge
augmentation, such as guided bone regeneration YGius lifts, or block grafting
come into action® These additional surgical interventions increasatment time,
cost, and patient morbidity® To address this issue, socket preservation (aveol
ridge preservation, ARP) techniques have been dpedlto minimize post-extraction

bone loss and maintain ridge dimensions for fupuosthetic rehabilitatior”
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I ntroduction

In order to maintain ridge proportions and enhadommee quality, biomaterials
are inserted into the extraction socket during sbgkeservation, often referred to as
alveolar ridge preservation (ARPY) Among novel biomaterials, hyaluronic acid
(HA) and melatonin are gaining attention due to irthability to promote
regeneration®

Hyaluronic acid, an essential component of thea@eltular matrix (ECM), is
a naturally occurring glycosaminoglycan plays ac@urole in tissue hydration, cell
signalling, and wound repaff’ All living things have HA in various places, inding
as the skin, vitreous humour, embryonic mesenchyyrovial fluid, and several
other body organs and tissué¥? HA has a structural backbone formed by
alternating units of D-glucuronic acid and D-N-adgiucosamine, linked together as
repeating disaccharide$” While low-molecular-weight HA promote angiogenesis
and osteogenesis, high-molecular-weight HA hasiafiimmatory properties*?

Hyaluronic acid (HA) has wide-ranging medical apations. In
ophthalmology, it helps maintain intraocular preesduring surgical procedures. In
dermatology, HA serves as a dermal filler to redwcekles. Orthopaedic treatments
utilize HA injections into joints to relieve ostetf@itis pain and enhance mobility,
whereas in rheumatology, it helps manage joinamfhation in rheumatoid arthritis.
D Moreover, HA-based scaffolds are gaining promineinceegenerative medicine,
particularly for cartilage restoration and sofstis enhancemerit®

Because of its biocompatibility, anti-inflammatorgffects, and tissue-
regenerating capabilities, HA has become incre@singaluable in dental
applications™¥

HA supplementation in periodontal therapy enharisssie regeneration while
suppressing inflammationf™ Due to its viscoelastic characteristics, HA proves

beneficial in treating temporomandibular joint diders via intra-articular
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I ntroduction

injections.®® Emerging applications demonstrate HA's efficacyeitancing dental
implant osseointegration and promoting faster $isBue recovery following oral
surgical procedurés”? HA accelerates initial wound healing through thriesy
mechanisms: regulating inflammatory responses, renihg fibroblast proliferation,
and promoting angiogenesféf?)Furthermore, HA's viscoelastic nature stabilizes th
fibrin matrix, while its binding with extracellulamatrix components promotes
osteoblast recruitment® Through CD44 receptor interaction, HA induces olskest
differentiation and activity, increasing mineralizenatrix depositiorf'®

The pineal gland is primarily responsible for proiahg the neurohormone
Melatonin (N-acetyl-5-methoxytryptamine) that issestial for circadian rhythm
regulation. Beyond its chrono-biotic effects, ithéits strong antioxidant, anti-
inflammatory, and immunoregulatory activitiéd) It promotes osteoblast activity and
collagen synthesis while reducing osteoclast-mediéione resorption, maintaining a
positive bone turnover equilibriuff? Furthermore, melatonin exhibits potent
antioxidant activity that neutralizes reactive osggspecies (ROS) produced during
inflammatory processes. This oxidative stress redoieninimizes tissue damage and
enhances the wound healing casc&deMelatonin exerts anti-inflammatory effects
primarily through downregulation of major pro-iniknatory cytokines, such as
tumor necrosis factor-alpha (TNF-and interleukin-6 (IL-6), thereby creating a
favourable microenvironment for tissue regeneratioh Clinical evidence indicates
that locally delivered melatonin-loaded biomatexiahhance alveolar bone density

and promote faster soft tissue regeneration iraeitm socket<?¥
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I ntroduction

Synergistic Potential of Melatonin and Hyaluronic Acid
The combination of melatonin and HA may offer alduachanism for socket
preservation:
1. Melatonin enhances osteoblast activity and redogestive stress.
2. Hyaluronic acid stabilizes the clot, promotes aggitesis, and sustains a

hydrated healing environment.

Early experimental data indicate that melatonirerporated hyaluronic acid
hydrogels enhance osteogenesis in calvarial defaotlels®® However, no
randomized controlled trials (RCTs) have evaluatieid combination in posterior
tooth extraction sockets, where mechanical forees @oorer vascular supply may

impede healing.

Therefore, this study aims at evaluating the effgichyaluronic acid and

melatonin synergistically on post-extraction sodikedling.
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Aims & Objectives

AIMS AND OBJECTIVES

AIMS: To evaluate the efficacy of Melatonin combinedhwityaluronic acid on

post-extraction socket healing.

OBJECTIVES:

* To evaluate the therapeutic potential of Melatowith Hyaluronic acid on
post-operative pain through Visual Analog Scale SYA

» To evaluate patient’s satisfaction towards post@iper pain control on using
Melatonin combined with Hyaluronic acid when placedthe extraction
socket.

* To evaluate postoperative supplemental analgesa@uesusetime and dose)
on using Melatonin combined with Hyaluronic acid emhplaced in the
extraction socket.

« To evaluate the Wound healing potential of Melatomiombined with
Hyaluronic acid by Landry and Turnbull Index.

* To evaluate the Osteogenic activity of Melatonimbmed with Hyaluronic
acid post-extraction by measuring Bone height, Beitith and Bone Density

through Cone Beam Computed Tomography (CBCT).

RESEARCH HYPOTHESIS:

NULL HYPOSTHESIS: Melatonin combined with Hyaluronic acid doesn’hébit

osteogenic activity and anti-inflammatory effect post-extraction socket healing.

RESEARCH HYPOTHESIS: Melatonin combined with Hyaluronic acid exhibits

osteogenic activity and anti-inflammatory effectpost-extraction socket healing.
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REVIEW OF LITERATURE

In 2023, Shaimaa Mohsen Refahee et al. conducttda@dy evaluating the
correlation between melatonin treatment in the sbok a impacted mandibular
third molar and its anti-inflammatory and osteogemioperties. There were 38
patients divided into two groups. Three milligraoigmelatonin along with two
milliliters of 2% hydroxy-ethyl cellulose gel wasaped in the socket in group I,
while two milliliters of 2% hydroxy-ethyl cellulos&as placed in the socket in
the placebo group. The investigators came to theclasion that melatonin
exerts an anti-inflammatory effect by reducing edeand pain levels and
improving MMO (Maximal Mouth Opening$?®

In 2022, a study by Nadia Sultana Shuborna ettadlied the impact of intra-
socket hyaluronic acid solution on post-operativecomes after third molar
extractions. Employing a split mouth research destgirty patients received
intra-socket administration of 0.7 mL of a 20 mgi2 hyaluronic acid solution
with gel foam at the study site and gel foam ortlyhe control site. Clinical
outcomes revealed that hyaluronic acid adminismatvithin the extraction
socket reduced both pain and trismus followingdthiolar removal®”

In 2022, a study by Azza Nazr et al. evaluated impact of locally
administering hyaluronic acid and melatonin mixtareund the implant surface
and peri-implant gap in immediate implants. A totéltwenty-four subjects
were divided into two treatment groups. Group | hatmediate implant
placement with a mixture of HA and melatonin, wiasreGroup |l received
immediate implant placement without the combinati®he study found that

topical application of a HA and melatonin mixturégitt decrease buccolingual
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dimensional changes and enhance bone density, whight be beneficial in

immediate implant placemeff®

In 2022, Maria R. Gendi et al. conducted a studgleming the effect

of combination of hyaluronic acid and melatonin dwealing of bone

in maxillary sinus augmentation. Two groups of eett patients were equally
split up. Following sinus membrane elevation andossguent implant

placement, Group | received melatonin and HA, wiBl®up Il didn't receive

any materials. Based to the authors' findings, tapia and HA might have a
significant impact on bone density in sinus augmagon without causing any
adverse effect§®

Sasa Marin et al conducted a study in 2020 to et@lthe therapeutic efficacy
of hyaluronic acid in modulating post-extraction wmd healing kinetics and
pain responses in patients with uncontrolled typdigbetes mellitus. In this
split mouth study design, 30 patients received 0.8%aluronic acid post

extraction in the socket on study site while th&amtion sockets in the control
site were left to heal spontaneously. The authorgladed that HA placed in
the post extraction sockets may improve wound hgakspecially in the first
days after applicatiof®”

6. Sherif Abdelrahman Amer, in 2022, conducted a sttmlydetermine the
influence of hyaluronic acid and topically applietelatonin gel on dental
implants inserted into freshly extracted socketth binically (by means of
the bleeding index (B.l.), gingival index (G.l.naprobing depth (P.D.) and
radiographically (using CBCT). Thirty-two adult patts were divided into
four equal groups. Group-(A): All patients in tiggoup underwent immediate
implant placement (IIP), without any material sumding the implant. Group-

(B): All patients in this group received topicalahyronic acid as a filler in the
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bone gaps surrounding the implant. Group-(C): Epatient in this group
received IIP with topical melatonin gel and topibghluronic acid to fill bone
gaps around implant. Group-(D): In order to filethone gaps surrounding an
implant, each patient in this group received IlIRhwnelatonin gel. The study
came to the conclusion that while local applicatbri.2% HA and melatonin
gel improved clinical outcomes surrounding immegliahplants, it did not
prevent bone loss as measured by cone beam CTsan@BCT) Y
Sunkavilli and colleagues conducted a study a studyparing the radiographic
parameters of immediately placed dental implantth veind without topical
melatonin treatment using C.B.C.T. (cone beam cdetbtomography) with a
follow-up of nine months in order to assess theaiotf melatonin application
on immediately placed implants. A total of 14 pats&ewere chosen, of which
seven patients received melatonin application pogilant placement, and
seven patients didn't. Bone volume, density, andmmestal bone levels are
measured in both groups. Comparing the study gtotipe control group, there
were no discernible differences in the quantitycodstal bone loss near the
immediately placed implants. Overall, the melatogioup had a lower mean
bone volume loss in both bone density and bonenvettic measurements. The
study came to the conclusion that topical melatontreatment
improved osseointegration and increased survivedsrdor immediate dental
implants %
In 2014, Koray et al conducted a study to compare kfficiently two oral
sprays function to minimize trismus, pain, and edeafter the extraction of
impacted mandibular third molars. 34 patients widndibular third molars that
were Dbilaterally symmetrically impacted were inadd in which post-

extraction, for seven days, two pumps of benzydamitydrochloride or
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10.

hyaluronic acid spray was applied to the extracsde three times a day. A
visual analogue scale (VAS) was used to quantifly, @atape measure was used
to measure swelling, and the maximal inter-inctgadning was used to measure
trismus. Evaluations were carried out on the dathefprocedure as well as on
day two and seven post-extraction. They came tednelusion that hyaluronic
acid seemed to have a positive impact on the mamaggeof trismus and edema
in the immediate postoperative phase after surderyan impacted third
molar.®?

In 2018, Pinto et al conducted a study to evaltlaeeffects of hyaluronic acid
(HA) on bone repair of human dental sockets. THintg lower first premolars
were extracted from 16 patients (2 per patient) éothodontic reasons.
Following the extractions, one socket was filledmi% H.A. gel, while the
other was allowed to naturally fill with blood cla€one beam CT scans were
performed on patients 30- and 90-days followingyety. Dimensional changes
between the postoperative periods were compared, thea width of the
buccolingual alveolar ridge was measured. The dtadiitmension was used to
assess the alveolar trabecular bone pattern. Duheg30-day postoperative
period, treated sockets had greater percentagdsomé growth and fractal
dimension values (58.17% and 1.098, respectivélgin tcontrols (48.97% and
1.074, respectively) (p < 0.05). There was no disbé& change between the
groups after ninety days. It was determined thatgud% HA gel following

tooth extraction accelerates the healing of borextraction socket$>”

Carlos and colleagues in 2014 conducted a studyatuate melatonin's early
osteogenic, analgesic, and anti-inflammatory e$fect mandibular third molar

sockets post extraction. There were ten patientstah, split into two groups of
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11.

five. After extraction, the study group was adnteied with 3 mg of melatonin
gel, while the control group was administered a@bm. Independent ELISA
procedures were employed to determine the levelsnibbtyrosine and

interleukin-6 in samples of the clot taken from #wrket. By measuring the
(HU) Hounsfield Units in cross and panoramic sextiacquired using a digital
scanner, radiographic bone density was assessddtodi@ treatment resulted
in an increase in interleukin-6 concentration withatatistically significant

changes. There were no discernible changes in ldensity in panoramic
sections at the socket following melatonin appiarat The bone density in the

alveolar region across cross sections demonsttiag¢eshme resultsS>

Kokash et al in 2023 conducted a split-mouth R@garing hyaluronic acid
(HA)-enhanced collagen to collagen alone in 20vimlials undergoing surgical
removal of bilateral mandibular third molars. Pesative swelling and
trismus were assessed on days 3 and 7. The HAgeollggroup showed
significantly lower trismus than controls by day19.22+12.8 vs. 32.45+15.3
mm, p=0.005) and reduced swelling at most measurep@nts (p < 0.05),
apart from the lateral canthus to mandible distac&® day (p = 0.133). 75%
of the subjects were females, with a mean age of+321 years. Results
demonstrated HA’s additive benefit to collagen iitigating post-extraction
complications, with statistically and clinically legant improvements in
swelling and trismus. The study supported HA-calagas a superior
biomaterial combination for postoperative managdmafter third molar

surgery.®®
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12.

13.

In 2018, Bayoum A, et al conducted a clinical ltt@ evaluate cross-linked
hyaluronic acid (HA) gel for managing post-extranticomplications in 14
patients undergoing bilateral third molar removEést sites received HA +
Gelfoam while controls received Gelfoam alone. Measients of swelling,
pain, and maximum interincisal distance were tapoperatively and on"%

3 and ¥ day post-surgery. While both groups peaked in $gmp on day 2,
HA-treated sites showed significantly better imgnasent by day 7 (p<0.05) for
all measured parameters. The results demonstrateds-inked HA's

effectiveness in reducing postoperative swellinginpand trismus following

third molar extractions, suggesting its value istpaperative recover{®’

Gokhan and colleagues in 2014 investigated hyailaracid's (HA) effects on
wound healing after third molar extraction in 4Cigats (HA group: n=20,
control: n=20). They assessed oxidative stress (GISPD), inflammation
(leukocytes, collagen, angiogenesis), pain (VASnd atrismus (MIO)
immediately post-op (TO) and after one week (T1lgsi@ts showed HA
significantly reduced leukocyte infiltration and hemced angiogenesis
compared to controls at Tl (p<0.05), confirming &sti-inflammatory
properties. However, HA demonstrated no signifiefécts on oxidative stress
markers, pain levels, or mouth opening. These figslisuggest HA locally
modulates inflammation without influencing systemixidative stress or
clinical symptoms during early postoperative reecgvdhe study highlighted
HA's potential as an adjunct for controlling inflaratory responses in oral

surgery.®®
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14.

15.

Ibrahim et al in 2014 performed a randomized aled trial to evaluate the
effect of leukocyte- and platelet-rich fibrin (L-FRalone and in combination
with hyaluronic acid (HA) for healing of soft tisssi post-third molar extraction
in 60 patients. Results showed significantly bettecosal healing scores for L-
PRF and L-PRF + HA groups compared to controls,al4/ and 21 days
(p<0.05). The control group had one case eachwvafoldr osteitis and wound
infection (5% incidence), while intervention groupasd none. No hemorrhagic
complications occurred. L-PRF + HA showed modestiproved healing than
L - PRF alone, though not statistically significafbe findings suggest L-PRF,
with or without HA, enhances soft tissue healingl aaduces postoperative
complications. The study supported these biomdsessa effective adjuncts in

oral surgery®®

Gokhan and colleagues in 2016 conducted a studyvastigate the impact of
0.8% H.A. (hyaluronic acid), on bleeding and postapive outcomes following
extraction of third molars in 40 participants. Resushowed that HA
application prolonged bleeding time (7.17+1.36 %$4+1.46 minutes, p<0.05)
and increased swelling on day 3 compared to canttbbugh salivary tissue
factor (TF) levels decreased significantly by sekeday (p < 0.05). There were
no significant variations found in pain (VAS) or riraum interincisal opening
(MIO). While HA's anti-inflammatory properties amgell-documented, this
study highlighted its potential to impair early hestasis, suggesting caution in
surgical use. The findings indicated that HA maylageclotting without

improving clinical symptomg*®
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16.

17.

18.

Ibraheem et al in 2021 conducted a trial to eval@®2% hyaluronic acid (HA)
gel and 0.01% HA spray in extraction wound heasingpng 30 female patients.
Results demonstrated superior wound closure for ¢gidups (gel: 69.08%,
spray: 66.94% via digital planimetry) compared ¢mtcols (47.97%) at 1 week
(p<0.05). While the gel showed marginally betterallm®, no statistically
significant difference was detected. Patient sattébn was higher for the spray
(9.4/10) due to ease of use. HA's anti-inflammatang hydration properties
likely accelerated healing by reducing edema amnpting angiogenesis. The

study supported HA's efficacy in post—extractiorec‘él)

Yilmaz N et al, in 2015 evaluated the effect @%. hyaluronic acid (HA) gel
in post-extraction sockets of 25 participants witiaterally impacted third
molars. Results demonstrated significant pain rediign the HA group (VAS
scores: 4.92 vs. 7.08 on day 1, p=0.001) and redacalgesic use (5.28 vs.
6.04 doses, p=0.032). However, no significant diifices were observed in
swelling or trismus between the two groups. Thedywtsuggested HA's
analgesic properties may enhance postoperative crgnpiotentially reducing

reliance on NSAIDE*?

Glaciele et al in 2020 conducted a review to as#es efficacy of hyaluronic
acid (HA) for reducing inflammation (pain, edemasrhus) after third molar
(3M) extraction. Five clinical trials (271 patieptsere analyzed, showing HA
significantly reduced pain on postoperativé Bnean difference = -0.68; 95%
Cl: -1.20 to -0.17) and"7(-0.36; 95% CI: -0.64 to -0.09) day compared to
placebo/no treatment. No significant effect omntiis was observed, and edema
analysis was hindered by methodological heteroggenéilost studies had

low/unclear bias risk, with low selective reportilgas. While HA appears
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19.

20.

effective for pain relief, stronger evidence is aee to confirm its efficacy. The
findings suggested HA may improve postoperativefooniut does not have an

impact on post-operative trism{

Corina and colleagues in 2019 conducted a clirti@lto assess the individual
and combined effects of melatonin (MEL) and hyahicoacid (HA) on

periodontal repair, assessing whether their systicgiise in a topical MEL-HA
formulation preserves their distinct therapeutioparties. A literature review
analyzed their roles in periodontal therapy, whileIR spectroscopy confirmed
no structural alterations in the combined formuolatiensuring functional group
integrity. Results indicate that MEL (anti-inflamtogy, antioxidant) and HA
(tissue regeneration) retain their individual aesiovithout interference when
mixed. The MEL-HA combination shows strong potentiar periodontal

treatment by leveraging complementary mechanisins.fdrmulation's stability
and preserved bioactivity suggested enhanced ejfitamanaging periodontal

disease, though clinical validation is need&d.

Tejaswin Polepalle and colleagues in 2015 caroetda split-mouth study to
assess the benefits of 0.8% hyaluronan gel in 1i8rga with moderate chronic
periodontitis as an aid to scaling and root planiS8&P). Seventy-two teeth
(contralateral pairs) were allocated to test (SRi®/auronan) or control (SRP
alone) groups. Clinical parameters [Pl (plague x)d®PB (pocket probing
depth), BOP (bleeding on probing), and CAL (cliniedtachment level)] &
microbial counts (CFU/mL) were assessed at baselwveek 1, 4 and 12.
Results showed significant reductions in B.O.P<(p.001), P.I. (p < 0.001),
P.P.D. (p < 0.001), C.A.L. (p < 0.001), & CFUs (p0<001) in study sites

compared to controls. The study concluded that isgbgl 0.8% hyaluronan
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21.

22.

gel enhances SRP outcomes by improving microbiokdgand clinical factors

in the management of periodontiti&’

Diana et al in 2021 conducted a split-mouth stiedgvaluate hyaluronic acid's
(HA, Gengigel®) effects on dental socket healinglh patients (20 sockets).
Test sockets received topical HA, while controlsllbd naturally. Parameters
(socket length, healing index, pain) were asseatddys 1, 5, and 10. While no
significant differences emerged in socket dimeraichanges or complications,
HA demonstrated enhanced early healing rates. Resulggested HA may
accelerate soft tissue regeneration without aljgebone repair patterns. The
study concludes HA shows potential as an adjunctherapy to optimize

wound healing in extraction sockef§)

Aranda et al in 2022 conducted a systematic revievevaluate hyaluronic
acid’'s effects (HA) for treating periodontal intraly defects, analyzing 9
studies (randomized trials, case series) up to 2088. HA was tested alone or
combined with barriers, growth factors, or boneftgraDver the course of six to
twelve months, all groups demonstrated statisticgitinificant gains in clinical
attachment level (CAL) and depth of probing, witlst8dies reporting notable
bone defect filling. However, studies exhibited higeterogeneity and risk of
bias. While HA demonstrated moderate clinical/rgdaphic benefits for
periodontal regeneration, the review highlights tieed for more rigorous
randomized trials to confirm its efficacy. Theimdings supported HA's

potential as an adjunct in regenerative periodasuegery.“”
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23. Antonio Cutando et. al carried out a cross-seati@assessment in 2013 to
evaluate topical melatonin's effects on 30 diabeatients with periodontal
disease versus 30 healthy controls. Diabetics sti@levated salivary RANKL
(osteoclastogenesis marker) and reduced OPG (wosteopve) and melatonin
levels versus controls. After 20 days of 1% melatooream application,
diabetics exhibited significant improvements: restligingival index, pocket
depth, and RANKL levels, alongside increased Op&0(05). Salivary OPG
changes correlated with clinical improvements. Reswsuggest topical
melatonin may slow periodontal disease progressiatiiabetics by modulating
RANKL/OPG balance, reducing osteoclastogenesis, iamgtoving alveolar
bone quality. The study highlighted melatonin'segptial as an adjunct therapy

for diabetic periodontitis*®
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MATERIALS AND METHODS

STUDY DESIGN: A split mouth, Randomised controlled trial.

SOURCE OF DATA: The study was carried out on patients reportingthte

Department of Oral and Maxillofacial Surgery, KLEK\Institute of Dental Sciences,
K.A.H.E.R, Belagavi, after receiving the instituted ethical committee's approval.
(Annexure 1). Each patient was explained about phecedure and an informed

consent was signed by them. (Annexure I, 111)

PRE-OPERATIVE ASSESSMENT:

A detailed case history, routine blood investigasi@and radiographic investigations

were done for all the patients of both the groups.

LABORATORY DETAILS:

 Haemoglobin (Hb)
* Bleeding time (BT)
e Clotting time (CT)

 Random Blood Sugar (RBS)

Intra-Oral Periapical radiograph/Orthopantomogram

INCLUSION CRITERIA:

* Subjects requiring Dbilateral extraction of premslaror molars
(maxilla/mandible) were included.
* Subjects between the ages of 18 and 50 were irgtlude

* Individuals who were willing to take part in thesearch.

Page 17



Materials & Methods

EXCLUSION CRITERIA:

» Impacted teeth/teeth requiring open extractionsf@iontic extractions were
excluded.

» Patients with active infection requiring antibiotiterapy.

« Patient who had known history of allergy to any eniatls used in the study.

» Patients with Immunocompromised disorders.

» Patients who refused to report for post-operatoldov-up appointments or

who refused to take part in the research

SAMPLE SIZE ESTIMATION:

The size of the sample was calculated using thrautar

2

2 2
N= ‘(Zl-alz LZLQ)—(_S D1—+ SDz')

2
X=X)

At 95% confidence level, Z =1.96
1-a/2

At 95% power %ﬁ =1.682

st

Standard deviation in the froup, §= 1.84

nd
Standard deviation in the 2group, SZ= 2.74

N = 25 sockets in each side of study sample.

Therefore, the sample size58.
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Materials & Methods

ARMAMENTARIUM AND MATERIALS:

» Surgical gloves

e Mouth mirror

» Dental explorer

« Tweezer

* 2ml disposable syringe

* Gauze piece

» Periosteal elevator

» Extraction Forceps

* Curette

* Bonefile

* Needle holder

* Adson’s tissue forcep

e Suture cutting scissor

* Kidney tray

» Patient drape

» Absorbable gelatin sponge
* 0.8% Hyaluronic acid gel
* 3mg Melatonin tablet

» 3-0 silk suture

» Collagen barrier membrane
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IMAGE 1: ARMAMENTARIUM

METHODOLOGY:

Twenty-five participants requiring bilateral rembvaf posterior teeth

(premolars/molars) in either maxillary or manditwdach were enrolled in this study.

The study samples requiring removal of either mians or molars on both
sides diagnosed by established clinical and radicdd features and meeting

inclusion standards were divided into 2 sites ichesample.

Site A (study group) — Removal of premolars/molars which was followed by
placement of Absorbable Gelatin sponge (AGS) soakadmixture of Melatonin and
Hyaluronic acid in the socket and placement ofageh barrier membrane over it

followed by primary closure.

Site B (control group) -Removal of premolars/molars and the socket wadddieal

by secondary intention.
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MATERIALS USED:

1. Hyaluronic Acid gel 0.8%
2. Melatonin 3mg
3. Collagen barrier membrane (ColoGide membrane)

4. Absorbable gelatin sponge: Goodwill Hemosponge

SINGLE USE ONLY

Sodium Hyaluronate Injection 0.8% w/v

& CADILA Ha /onix one 6ml

—— PHARMACEUTICALS Intra-articular Sodium Hyaluronate Prefilied Syringe

IMAGE 2: 0.8% HYALURONIC ACID GEL

A ManUaCiures 1) 00 DY /- 7
' KRISTO Prasmaceuticais
 PiiviteLinted

IMAGE 3: 3mg MELATONIN
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Sterile Collagen Sheet ()

ColoGenesis

ColoGide®

5TR Memb

rane

OAF®EK®

IMAGE 4: COLLAGEN BARRIER MEMBRANE

3| ABSORBABLE GELATIN SPONGE USP

SIZE : 80mm X 50mm X 10mm APPROX

Sterile, Haemostatic, Absorbable s ese wosscmions: *
Gelatin Base Foam Specially .
Prepared For SURGICAL USE o 3
WARNING : T ity ot e product | AL OS®

bt g : Ewn) 54 [
y f the package has 3

been previously opened or wet

Quantity: 1 Unit
@l Healthium Medtech Limited

Plot No. 38 A-B, Govt. Industrial Estate, Charkop Naka,
Opp. Vishwakarma Hall, Kandivali (W), Mumbai-400067
Customer Care No. 080 4186 8198

Consumer Care Address: Same as above

Email: care@healthiummedtech.com

REGULAR SIZE STERILE PRODUCT PACKED IN DOUBLE ENVELOPE

IMAGE 5: ABSORBABLE GELATIN SPONGE
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PREPARATION OF THE DRUG:

Preparation of the Mixture:

1. 1mL of 0.8% Hyaluronic acid gel was poured in aidowl.

2. A 3mg Melatonin tablet was crushed with a stenlgtriument and added to the

gel to form a suitable mix.

A) Absorbable gelatine sponge (5mm*5mm*5mm) was soakeide sterile bowl

containing the mixture (Melatonin with Hyaluronicid) for 5 minutes and then

placed in the extraction sockets in site A.

B) Extraction sockets in site B were left to hgabrstaneously.

Site A: STUDY GROUP

Site B: CONTROL GROUP

|

|

Extraction of
Maxillary/Mandibular
premolar/molar

Extraction of
Maxillary/Mandibular
premolar/molar

|

|

Melatonin with Hyaluronic acid
soaked AGS placed in the socket,
followed by placement of collagen

barrier membrane over it and
primary closure. Patients were
prescribed same medications.

Sockets were left to heal by
secondary intention. Patients
were prescribed same

medications.

|

|

Patients were recalled for follow u
on 3%day, on ¥'day for suture
removal and 4 months post-
extraction

7

Patients were recalled for follov
up on ¥ day, 7'day and 4
months post-extraction.

~
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Materials & Methods

DETAILS OF THE PROCEDURES TO BE CONDUCTED DURING TH E

RESEARCH

» Assigned patients underwent the surgical proceifutiee oral surgery unit by
the same surgeon.

* Regional anaesthesia was applied by infiltratinglocking the nerve with 2%
lignocaine plus adrenaline 1:80,000.

» Extraction of teeth was done by conventional meth&d asepsis protocols
were followed.

* Absorbable Gelatine sponge (AGS) soaked in a nextfr Melatonin with
Hyaluronic acid was placed in the extraction sogket site A, while the
sockets in site B were left to heal by secondatgnition.

* A collagen barrier membrane was placed over thatipesponge in extraction
sockets of site A, extending two to three millimstento the surface of the
adjacent alveolar bone.

e Suturing was done with 3-0 silk sutures in patieotssite A. In order to
maximize the stability of the membrane, the sutwese positioned in both
the bucco-palatal and mesio-distal directions.

» A pressure pack was placed on the extraction Altgatients received post-
extraction instructions.

» Patients of both the groups were prescribed thevioig drugs:

TAB. PARACETAMOL 500mg SOS (Rescue drug)
FOLLOW UP: It was done on'8day, " day and 4 months after extraction.

Patients were given an assessment sheet to rech®l s¢ale, Patient satisfaction

score and analgesic rescue drugs. (Annexure Ill)
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EVALUATION CRITERIA:

1) POSTOPERATIVE PAIN

A Visual Analogue Scale (VAS) with a score rangeDell0 was provided to

the patients.

0 1 2 3 45 6 7 8 91

H 1 g U H 4 ii
No Pain Mild Moderate Severe  Very Severe “:J::“I:ﬁ\m

@7 O I W
1-3 4-6 79 10

Y- X X
0 ts 46 79 10

IMAGE 6: VAS SCALE

Score Pain intensity
0 No pain
1-3 Mild pain
4-7 Moderate pain
8-10 Severe pain

TABLE 1: PAIN INTENSITY SCORE

Postoperative pain was assessed at 4 hours, 8 H@unsurs, 24 hours/“3lay and 5

day after extraction.
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2) POSTOPERATIVE PAIN SATISFACTION:

It will be assessed by using a 5-grade scale:

SCORE LEVEL OF SATISFACTION
1 Dissatisfied
2 Rather dissatisfied
3 Neither
4 Rather satisfied
5 Satisfied

TABLE 2: POST-OPERATIVE PAIN SATISFACTION SCORE

Postoperative pain satisfaction was assessed at4,h8 hours, 12 hours, 24 hours,

3day and ¥ day after extraction.

3) POSTOPERATIVE SUPPLEMENTAL ANALGESIC RESCUE T IME AND
DOSE:

It was assessed by self-reporting from the patiarthe ¥' day and 5 day.
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4) WOUND HEALING
Healing of the extraction socket was assessedabgity and Turnbull

Index on & and 7' post-operative day.

Healing index 1 : very poor Tissue color: >= 50% of gingiva red

Response to palpation: bleeding

Granulation tissue: present

Incision margin: not epithelialized with loss of epithelium
beyond incision margin.

Suppuration: present.

Healing index 2: poor Tissue color: > 50% of gingiva red

Response to palpation: bleeding

Granulation tissue: present

Incision margin: not epithelialized with connective tissue

exposed.

Healing index 3: good Tissue color: > 25% and < 50% of gingiva red
Response to palpation: no bleeding
Granulation tissue: none

Incision margin: no connective tissue exposed.

Healing index 4: very good Tissue color: <25% of gingiva red
Response to palpation: no bleeding
Granulation tissue: none

Incision margin: no connective tissue exposed.

Healing index 5: excellent Tissue color: all tissues pink
Response to palpation: no bleeding
Granulation tissue: none

Incision margin: no connective tissue exposed.

IMAGE 7: LANDRY AND TURNBULL INDEX
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5) BONY OUTCOMES

Bony parameters were assessed using Cone Beam @ampamography
(CBCT) four months after extraction. These measergm included bone height
(mm), bone width (coronal, middle, and apical regiomm), and bone density (%) as

a measure of osteogenic activity in the healindstsc

DATA COLLECTION METHODS AND ANALYSIS:

» Data collection was done using log sheet that wasiged to the patient on
the day of extraction and was collected on thefelup Day 7. (Annexure V)
» Patients were recalled for a follow-up after 4 nisrfior CBCT analysis.

» Photographs for evaluating wound healing were takemediately post-

extraction, & day and 7 day post-extraction.
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Materials & Methods

IMAGE 8: STUDY SITE -
IMMEDIATE POST
EXTRACTION

IMAGE 9: STUDY SITE —
3 DAY FOLLOW-UP

IMAGE 10: STUDY SITE —
7" DAY FOLLOW-UP POST
SUTURE REMOVAL
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IMAGE 11: STUDY SITE - BONE
HEIGHT MEASUREMENTS ON CBCT
(4 MONTHS POST EXTRACTION)

IMAGE 12: CONTROL SITE - BONE
HEIGHT MEASUREMENTS ON CBCT
(4 MONTHS POST EXTRACTION)
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828 mm"_FErrRea

9.29'mm*

10:22 mm*

IMAGE 13: STUDY SITE - BONE WIDTH AND BONE DENSITY
MEASUREMENTS AT CORONAL, MIDDLE AND APICAL THIRD
REGIONS ON CBCT (4 MONTHS POST EXTRACTION)

9,4 98] ag)all Percentage: 39.75%
m— Density value: 1,403
Density value: 1,495

*
7.43'MM”  r——
Density value: 1,291

B

IMAGE 14: CONTROL SITE - BONE WIDTH AND BONE DENSIT Y
MEASUREMENTS AT CORONAL, MIDDLE AND APICAL THIRD
REGIONS ON CBCT (4 MONTHS POST EXTRACTION)
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RESULTS

Figure 1: Gender distribution

Results

Female
68.00%
Table 3: Mean age
Group Value
Mean 32.92
SD 7.87
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Results

Table 4: Comparison of study and control groups' VA scores using the Mann-

Whitney U test at various treatment time points.

VAS at Control group Study group U- Z-value| p-value
value
Mean| SD | Meanl Mean| SD| Mean
rank rank
4hrs 7.6 0.8 35.8 5.6 1.0 15.p 540 5.0059 0.0Q01*
8hrs 6.6 0.7 349 4.9 12 16.1 78,0 4.5403 0.0001*

12hrs 5.5 0.9| 33.0 43 1/]1 180 126.0 3.6089 0.0003

24hrs 4.6 1.0 338 3.2 11 172 106.0 3.9970 0.0001

Day 3 3.0 0.7 35.3 1.4/ 10 15) 680 4.7343 0.0001*

Day 5 1.9 0.7 36.1 04| O/ 149 48/0 5.1224 0.0001*

The Mann-Whitney U test results comparing VAS (MisAnalog Scale) pain scores
between the two groups at different treatment tpoets demonstrate statistically
significant differences (p < 0.001 at all interyal¥he study group consistently
reported lower mean pain scores than the contelmrwith the largest differences
observed at 4 hours (7.6 vs. 5.6) and Day 5 (1.9vH. The decreasing U-values
over time (from 54.0 at 4hrs to 48.0 at Day 5) amateasing Z-values (from 5.0059
to 5.1224) suggest that the treatment effect becamee pronounced as time
progressed. The consistently lower mean ranksdrsthdy group (ranging from 14.9
to 18.0) compared to the control group (33.0 tdlBéndicate that the intervention
group experienced significantly less pain at evesasured interval. The extremely
small p-values (alk 0.0003) provide strong evidence against the nytlothesis,

confirming that the observed pain reduction inghely group was highly statistically
significant. These findings suggest that the irgation being studied was efficient at

relieving pain scores across all measured timetpomvith the effect being both
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immediate (evident at 4 hours) and sustained (titoDay 5). The progressive
narrowing of score differences over time may intdocaither natural recovery in the

control group or a ceiling effect of the intervemti

Figure 2: Comparison of control group and study graip with VAS scores at

different treatment time points

8.00
7.00
6.00 |
2 5.00 |
>
8
[} 4.00 -
=
3.00 |
2.00
1.00 -
0.00
4dhrs 8hrs 12hrs 24hrs Day 3 Day 5
'—o—Control group 7.6 6.6 55 4.6 3.0 1.9
‘—a—Study group 5.6 4.9 4.3 3.2 14 0.4

The graph compares VAS pain scores between theat@md study groups at various
treatment intervals. Initially, the control grougported higher pain levels (7.6) than
the study group (5.6). Both groups experienced nesxjve pain reduction, but the
study group consistently showed lower scores aathgsne points. At 24 hours, the

control group's score was 4.6, while the study giowas significantly lower at 3.2.

By Day 5, the study group's pain nearly disappeédet), whereas the control group
still reported residual pain (1.9), suggesting ttie treatment administered to the

study group was more successful in relieving pain.
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Table 5: Comparison of control group and study grop with satisfaction scores

at different treatment time points by Mann-Whitney U test

Satisfaction Control group Study group U-| Z-value| p-value
at value
Mean| SD| Mean Mean| SD | Mean
rank rank
4hrs 1.1 0.3] 21.0 15 0.5 30.0 200.0 -2.1731 0.9298
8hrs 1.4 05| 21.2 2.0 0.8 29.8 206.0 -2.0567 0.8397
12hrs 2.1 0.4 19.2 2.6 0.6 31.8 156.0 -3.0268 @&H02
24hrs 2.2 0.4| 148 3.4 0.6 36.2 450 -5.1806 0.9001
Day 3 3.1 0.3 16.0 4.2 0.7 35.0 755 -4.5888 0.6001
Day 5 3.9 0.3 19.7 4.4 0.6 313 1665 -2.8231 (BOOA

The Mann-Whitney U test results comparing satigfacscores between the study

and control groups demonstrate statistically sigaift differences (p < 0.05 at all

time points), with the study group consistently aimg higher mean satisfaction

scores than the control group. The largest diffeesrwere observed at 24 hours (2.2

vs. 3.4) and Day 3 (3.1 vs. 4.2), suggesting th& intervention's impact on

satisfaction became more pronounced over time. déwreasing U-values (from

200.0 at 4hrs to 45.0 at 24hrs) and increasinggatiee Z-values (from -2.1731 to -

5.1806) indicate a strengthening treatment effeeaking at 24 hours before slightly

narrowing by Day 5. The study group maintained éigmean ranks (29.8-36.2)

compared to the control group (14.8-21.2), reinfgcthe intervention's positive

effect on satisfaction. The p-values show partidylstrong significance at 12hrs (p =

0.0025), 24hrs (p < 0.0001), and Day 3 (p < 0.006wygesting these time points

captured the most substantial differences. Theonamg gap by Day 5 (p = 0.0048)

may indicate either natural improvement in the @kac group or a plateau effect in
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the intervention group's pain satisfaction. Theseilits, when combined with the VAS
score findings, suggest that the intervention naty oreduced pain but also
significantly improved patient satisfaction, withoth effects being sustained
throughout the observation period. The temporaltepatof satisfaction scores
(showing progressive divergence until 24hrs folldwsy partial convergence) may
reflect either the natural course of recovery diedential treatment effects at various

stages of the therapeutic process.

Figure 3: Comparison of control group and study graip with satisfaction scores

at different treatment time points

5.00
4.00
o
§e]
S
8
7] 3.00 |
I
2]
[y
@
(3]
= 2.00 |
1.00
0.00
4hrs 8hrs 12hrs 24hrs Day 3 Day 5
== Control group 11 1.4 2.1 2.2 3.1 3.9
—#=— Study group 15 2.0 2.6 3.4 4.2 4.4

The study and control groups' pain satisfactiomegare compared in the line graph.
Both the groups' mean satisfaction score increased time, but the study group

consistently reported higher satisfaction scoreagh time point, from 4 hours to day
5. The study group's pain satisfaction score appaincrease more rapidly than the

control group.
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Table 6: Comparison of control group and study grop with supplemental

analgesic time and dose by Mann-Whitney U test

Variable Control group Study group U-| Z-value| p-value

value
Mean| SD| Mean Mean| SD Mean

rank rank

Supplement 4.9 | 1.1| 37.2 2.0 0.9 13.8 19.0 5.6850 0.00(
al analgesic
time and

dose

The Mann-Whitney U test results comparing supplealeanalgesic use between the
control and study groups reveal a statisticallysigant difference (p < 0.0001), with
the study group requiring substantially less arstgsupport (mean = 2.0, SD = 0.9)
compared to the control group (mean = 4.9, SD ¥ The large U-value (19.0) and
correspondingly high Z-value (5.6850) indicate ayvstrong treatment effect, with
the study group's significantly lower mean rank.81\&. 37.2) suggesting that nearly
all study participants required less supplementain pmedication than control
participants. This dramatic difference in analgeseds (a 59% reduction in the study
group) provides compelling evidence that the irgation was highly effective in
managing pain without requiring additional medicatiWhen considered alongside
the previously reported VAS and satisfaction scormbese findings suggest a
consistent treatment benefit where reduced paioepéibn translated directly into
decreased analgesic requirements and increasestpsditisfaction. This reduction in
supplemental analgesia may also indicate fewer catidn-related side effects and

potentially better clinical outcomes in the studgup.
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Results

Figure 4: Comparison of control group and study graip with supplemental

analgesic time and dose

4.90

5.00+

4.00

3.00

2.00

Supplemental Analgesic time and dose

=

o

o
1

0.00
Control group Study group

The graph compares supplemental analgesic use d&eteantrol and study groups.
The control group required a significantly higheralgesic dose (4.90) compared to
the study group (2.00). This indicates that thelsigroup needed less additional pain
relief medication. The lower analgesic requirementhe study group suggests that
the primary treatment they received was more affedh managing pain, reducing
their reliance on supplemental analgesics in corsparto the control group. This

highlighted the superior efficacy of the study grsureatment.
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Table 7: Comparison of control group and study grop with wound healing

scores at different treatment time points by Mann-Witney U test

Wound Control group Study group U- | Z-value| p-value
healing at value
Mean| SD| Mean | Mean| SD| Mean
rank rank
Day 3 1.9 0.4 16.4 2.7 0.5 34.6 86/0 -4.3850 0.60
Day 7 3.2 0.4 17.3 3.9 0.5 33.7 108.5 -3.9485 @6

Day 3-Day 7 0.9 0.5 27.8 0.7 0.5 23.2 256.0 1.0866.2772

The Mann-Whitney U test results comparing woundlihgascores between the
control and study groups demonstrate significamrovements in the study group at
both Day 3 and Day 5 (p < 0.0001 for both time pinThe study group showed
consistently higher mean wound healing scores ®@&y7 vs. 1.9; Day 7: 3.9 vs. 3.2)
and substantially higher mean ranks (34.6 vs. &6@ay 3; 33.7 vs. 17.3 at Day 7),
indicating better healing progression. The decrepsl-values (from 86.0 to 108.5)
and Z-values (from -4.3850 to -3.9485) suggest tieatment effect was most
pronounced at Day 3 but remained strongly significat Day 7. However, when

examining the rate of improvement between Day 3 Ray 7 (Day3-Day7), it was

found that there was no statistically significantfedlence between groups (p =
0.2772), with the control group actually showinglightly greater score improvement
(0.9 vs. 0.7). This suggests that while the intetiem led to better absolute healing
scores at both time points, the rate of improvenoset this period was comparable
between groups. The significant early advantagéhen study group (Day 3) may
indicate that the intervention promotes fasteriahitvound healing, which is then

maintained through Day 7.
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Results

Figure 5: Comparison of control group and study graip with wound healing

scores at different treatment time points

4.504 3.90

Mean

Day 3 Day 7

@ Control group O Study group

The graph compares wound healing scores betwedrotand study groups on days
3 and 7. On third day, the control group had aes@drl.90, while the study group
scored 2.70. By seventh day, both groups showedowep healing, with the control
group reaching 3.20 and the study group reachif@. 3 he study group consistently

exhibited higher wound healing scores than therobgtoup at both time points.
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Table 8: Comparison of control group and study grop with mean bone height

by independent t test

Group n Mean SD SE t-valug P-value
Control group 25 10.45 1.98 0.40
Study group 25 10.60 2.04 0.41 -0.2783 0.78R0

The independent t-test comparing mean bone heighwden the comparator and

intervention groups showed no statistically sigfit difference (p = 0.7820). Both

groups demonstrated nearly identical mean bonenhteigontrol: 10.45 + 1.98 mm;

study: 10.60 + 2.04 mm), with overlapping standdeViations indicating similar

variability in measurements. The minimal t-valu@ 2783) and extremely small mean

difference (just 0.15 mm) confirm that the interiten had no measurable effect on

bone height preservation. The nearly equivalemdsted errors (0.40 vs. 0.41) further

support the homogeneity of variance between grotipis. null finding suggests that

while the intervention demonstrated significant dfée for pain control, satisfaction,

analgesic use, and early wound healing (as showrpra@vious tables), these

advantages did not extend to structural bone praSen outcomes.
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Figure 7: Comparison of control group and study graip with mean bone height
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The graph compares mean bone height between camdostudy groups. The study
group exhibits a slightly higher mean bone heidli.§0) compared to the control
group (10.45). Both groups show similar standardadmns (SD), with the control

group at 1.98 and the study group at 2.04. Thesdtsesuggest that the study group
experienced a marginal increase in mean bone heiljhbugh the difference is small,

and the variability within both groups is compagabl
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Table 9: Comparison of control group and study grop with bone width (mm)

scores at coronal, middle and apical sections bydependent t test

Sections Control group Study group t-value p-value
Mean SD Mean SD

Coronal 5.37 0.73 5.47 0.76 -0.4924 0.6247

Middle 7.06 1.15 7.08 1.1@ -0.0591 0.9531

Apical 8.16 1.17 8.09 1.07 0.2514 0.8026

The independent t-test results comparing bone whétiiveen the control and study
groups across three anatomical sections (coronadlen and apical) revealed no
statistically significant differences (p > 0.05 fall sections). Both groups
demonstrated nearly identical mean bone width nreasents at each level: coronal
(5.37 £ 0.73 mm vs. 5.47 £ 0.76 mm), middle (7.06.25 mm vs. 7.08 £ 1.10 mm),
and apical (8.16 £ 1.17 mm vs. 8.09 £ 1.07 mm). i@mal t-values (ranging from

-0.4924 to 0.2514) and consistently high p-valie6247 to 0.9531) confirm that the
intervention had no measurable impact on bone vdtservation at any level. These
findings, consistent with the previous bone hergisults (Table 7), suggest that while
the intervention demonstrated significant benefits soft tissue outcomes (pain,
wound healing, and satisfaction), these effects dad extend to hard tissue
parameters. The pattern of slightly greater (batisgically insignificant) coronal

width in the study group (5.47 mm vs. 5.37 mm) werslightly smaller apical width

(8.09 mm vs. 8.16 mm) might hint at a potentialnttetoward different bone

remodelling patterns, though the differences wardrbm statistically significant.
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Figure 8: Comparison of control group and study graip with bone width (mm)

scores at coronal, middle and apical sections

8.16
9.00 - 5.09

8.00 - 7.06 7.08
7.00 |
6.00 |

5.00

Mean bone width (mm)
o1
w
~
o
D
~

4.00

3.00

2.00

1.00 A

0.00
Coronal Middle Apical

@ Control group O Study group

The graph compares bone width between control tuty groups at coronal, middle,
and apical sections. At the coronal section, thetrob group measures 5.37 mm,
while the study group measures 5.47 mm. In the laiddction, the control group
shows 7.06 mm, and the study group shows 7.08 rhsm apical section displays 8.16
mm for the control group and 8.09 mm for the stgdyup. Overall, bone width is
greater closer to the apex, with minor variatioasseen the control and study groups

at each section.
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Table 10: Comparison of control group and study grap with bone density (%)

scores at coronal, middle and apical sections bydependent t test

Sections Control group Study group t-value p-value
Mean SD Mean SD

Coronal 40.89 9.26 41.38 1049 -0.1738 0.862[7

Middle 37.71 8.26 38.57 8.28 -0.3682 0.7143

Apical 39.42 8.58 39.78 8.33  -0.1531 0.879(

The independent t-test results comparing bone tehstween the control and study
groups across coronal, middle, and apical sectid@isionstrate no statistically
significant differences (all p-values > 0.05). Teeidy group showed marginally
higher mean bone density values at all levels (Gairc41.38% vs. 40.89%; Middle:
38.57% vs. 37.71%; Apical: 39.78% vs. 39.42%),thate differences were clinically

negligible, with absolute differences ranging ofmym 0.36% to 0.86%.
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Figure 9: Comparison of control group and study graip with bone density (%)

scores at coronal, middle and apical sections
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The graph compares bone density (%) between coatwlstudy groups at coronal,

middle, and apical sections. At the coronal thiett®n, the control group shows

40.89%, while the study group has 41.38%. In thddhei third section, the control

group shows 37.71%, and the study group shows 38.9he apical third section

displays 39.42% for the placebo group and 39.78%stle test group. The study

group consistently exhibits slightly higher bonensiey percentages than the control

group across all sections.
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DISCUSSION

This research provides the first evidence for tlymemistic action of

melatonin and hyaluronic acid in healing of an &stilon socket.

The primary objective of this research was to asHestherapeutic efficacy of
combined melatonin and HA (hyaluronic acid) on osseand soft tissue regeneration

in post-extraction sockets.

Tooth extraction initiates a well-orchestrated gemplex sequence of wound
healing, encompassing four distinct phases: co#igalainflammation, proliferation,
and remodelling®®. Immediately post-extraction, the alveolar sockls with a
fibrin-rich blood clot, which serves as a proviabmmatrix for subsequent tissue
formation®® Over the following 4—6 weeks, this clot is progigsly replaced by
vascularized granulation tissue, followed by thepadition of woven bone!®
Maturation continues over 3—-6 months as the nevdyméd bone undergoes

remodelling and architectural reorganizatich.

Despite this structured healing process, post-etktra alveolar ridge
resorption remains a significant clinical challendgtudies indicate a 30-50%
reduction in buccolingual ridge width within thersli year, primarily due to
compromised vascular supply following periodontaament disruption, which

triggers accelerated bundle bone resorpffoi?

Socket preservation techniques are utilized to tmant the natural bone
resorption that occurs after tooth extraction, ébgrimproving healing outcomées>?
These methods involve the use of various biomadsetiisat act as scaffolds to
facilitate osteogenesis, promote angiogenesiseahdnce fibroblast proliferatioﬁ.?’)

Additionally, these materials help stabilize theoda clot, accelerate epithelial
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regeneration, and improve soft tissue healitfyBarrier membranes are commonly
applied to protect the graft material and maintdia original ridge dimensions,

ensuring optimal conditions for future prostheéhabilitation.(55)

The combination of melatonin and hyaluronic acid\Jéffers a biologically
synergistic approach to post-extraction socketihgahrough their complementary
mechanisms of action. As a naturally occurring gbaminoglycan, HA plays a
pivotal role in tissue repair tﬁ): regulating inflammatory mediators to create a
favourable healing environmeft, stimulating angiogenesis, dfd preserving
extracellular matrix hydration to facilitate cebul migration(.SG) These effects are
potentiated by melatonin's multifaceted therapeytioperties, including its: (i)
antioxidant capacity that neutralizes reactive @ygpecies, (ii) anti-inflammatory
activity that reduces cytokine-mediated tissue dgamand (iii) dual regulatory effects
on bone remodelling through promotion of osteobfasiction and suppression of

osteoclast activity®

The enhanced tissue regeneration appears to oghratggh complementary
mechanism§? HA-mediated angiogenesis via VEGF upregulation, rowmg
vascularization and nutrient supply, Shohelatonin-driven activation of fibroblast-
mediated collagen production and strengtheningaegtiular matrix formation. This
synergistic interaction promotes accelerated sodiesling through coordinated

vascular and structural remodellifff:*®

Following tooth extraction, a biochemical cascadesues involving the
liberation of inflammatory mediators such as prolstadins and cytokines that lower

nociceptive thresholds and generate pain sens&tibn.
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Potential Mechanisms of Analgesic Action
1. Modulation of Cytokine Release

The intervention likely attenuates pain by suppresspro-inflammatory
cytokines (TNFe, IL-6 and IL-18), which are regulatory factors of nociceptive
sensitization.®® Melatonin exerts anti-inflammatory effects by initifig cytokine
release, while HA stabilizes tissue homeostasisraddces macrophage-derived IL-
1 and TNFe production.®*®? This dual modulation of inflammation contributes t

sustained pain relief.
2. Direct Nociceptor Inhibition
The formulation may directly inhibit nociceptor aeition through:

« Melatonin’s interaction with opioid and GABAergiaghways®>)
e HA's viscoelastic barrier function, shielding nemmedings from inflammatory

and mechanical stimuff?

This dual mechanism likely downregulates nociceptsignalling at the

extraction site.
3. Prostaglandin Pathway Modulation

While direct evidence is limited, both agents mawesgistically inhibit

prostaglandin synthesis:
62)

¢ Melatonin reduces COX-2 activity and PQchduction(

+ HA mitigates inflammation-driven prostaglandin a=e®®

However, this proposed mechanism warrants furthezstigation.
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Given that both hyaluronic acid (HA) and melatoMLT) possess potent
biomimetic properties capable of enhancing so$iisregeneration and bone healing,
their combined application may yield synergistiertipeutic benefits (Cristache et al.,

2018)®

In the present clinical study, 25 patients wereoked who required bilateral
removal of maxillary/mandibular molars and premslan which after removal of
teeth the sockets were packed with a combinatiadedatonin and Hyaluronic Acid

to evaluate their anti-inflammatory effects andeogenic activity.

In our study, significantly decreased VAS scoreueal were seen at every
evaluation point, providing strong evidence of finéervention's effectiveness in
reducing pain. The results Mann-Whitney U testgatkd a statistically significant
reduction in pain, as measured by VAS scores, @nitkervention group at all time
points (p < 0.001). These results are in accordanttea study done by Shuborna et
al in 2022, which demonstrated the effect of Hyait acid alone for reducing post-
operative pain after removal of mandibular thirdlan® wherein with reference to
mean V.A.S. scores; statistically significant diéflece was found between the HA
(test group) and control group for pain on day and 3 after extractioﬁ?.”SimiIarIy,
various studies evaluated the anti-inflammatorypoese of Melatonin after
mandibular third molar removal and reported stiadlly significant decrease in pain
scale on first, third and seventh day. This could dxplained by melatonin's
antioxidant properties, which may interfere witle thuclear factor kappa B pathways
and its lipophilic activity, enabling it to peneteadeeper into tissue cell&>®”Similar
results were obtained for HA in several studies aestrating that local
administration of HA into extraction sockets sigraintly reduced postoperative pain.

(30.3742) |n another study, patients with TMJ Osteoarthritiere provided five
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Arthrocentesis sessions with Ringer's Lactate (Riod Hyaluronic Acid (HA)
injections. Follow-ups over six months showed pesgive improvements in chewing
efficiency, pain reduction, and function, with neported adverse effectd In a
contrasting study, Danijel et al. found that withire first three days following the
extraction of lower third molars, HA alone did rsagnificantly reduce pain, oedema,

or trismus ¥

In terms of pain satisfaction scores, our studyugreonsistently reported
higher mean satisfaction scores than the contmlmrThe present study data also
indicated that the intervention's impact on patis&ection becomes more pronounced
over time, with the most significant differencesefved at 24 hours (2.2 vs. 3.4) and
Day 3 (3.1 vs. 4.2). Our findings align with a stuthat quantitatively assessed
postoperative pain using a numerical rating scllRS). They showed that patients
treated with the melatonin-HA combination reportegnificantly lower pain scores
than those receiving implants alone, suggestingorga efficacy in alleviating pain.
(28 Another trial reported that melatonin significanteduces myofascial TMD pain

compared to placebo, with both statistical andcdihrelevance!™

The treatment group in our research exhibited a 588duction in
supplemental analgesic use, indicating clinicalligngicant pain relief with
meaningful therapeutic implications. Few studiesvehahown that prophylactic
melatonin administration enhances postoperative@grecovery, reduces pain, and

decreases analgesic requiremefts?

When considered alongside the above reported VAiSsatisfaction scores in
our study, these findings suggest a consistentniexa benefit where reduced pain
perception translated directly into decreased asaigrequirements and increased

patient satisfaction.
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In our study, as compared to the placebo grouptdbegroup consistently
demonstrated higher mean wound healing scoresignificantly higher mean ranks,
indicating greater overall healing progression.e Tattern of wound healing in our
study suggested that although the interventionltexssun an enhanced early wound
healing (by Day 3), the improvement trajectoriedoth groups between Days 3 and
7 were comparable. Our results were consistent thitlse of previously reported
studies, where HA showed a statistically signific@mhancement in early-stage
wound healing post-extraction. These outcomes cbeldxplained by HA's capacity
to form a barrier that inhibits the entry of ba@ento the tissue. Immediately upon
HA treatment, hyaluronic acid sustains the rigidityat serves as an antibacterial
barrier and maintains a moist wound environmenickvFacilitates cell migration and

n®%3) Few studies in the literature have investigatedefiect of HA on

proliferatio
wound closure where the authors concluded that éthuces the size of wound by
accelerating wound closure rate and re-epithetindf? "> Clinical evidence shows
0.2% HA gel applications produce measurable impreams in gingival
inflammation and bleeding scores in periodontitises’®’" Another study reported
that topical melatonin formulations significantiyncreased the rates of early
epithelialization in palatal wound modéf&®” The anti-inflammatory and
antioxidant properties of melatonin aid in earlyund stabilization by lowering
oxidative stress and regulating the inflammatospomse. This makes the atmosphere
more conducive to further healing proc&4€? In maxillary sinus augmentation, the

combination showed synergistic effects; offeringistural support for the stability of

blood clots (Maria et al, 2022
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Alveolar ridge preservation techniques aim to raitig post-extraction bone
loss through various biomaterial strategies, inclgdgrowth factor applications,
guided bone regeneration membranes, and graftingrima®® The bone parameters
in our study showed negligible mean difference 4650mm in terms of bone height
between the comparator and intervention groupss iBhin agreement with the results
reported by Nazr et al. who evaluated the impadocdlly applying a mixture of HA
and Melatonin (MLT) to the implant surface and pemplant space in immediate
implants. There were no discernible changes obdebatween the two grou&f’?
Conversely, few studies confirm melatonin's rolepneventing marginal bone loss

around implant§2848°

Similarly, no significant differences were foundbone width at the coronal,
middle, and apical sections in our study. Thesditfigs came in accordance with a
previous study where the efficacy of HA was assksse the repair of extraction
sockets. The authors concluded no significant diffee between the placebo and test
group® On the contrary, the results from another studyatestrated statistically
significant variation between the test and contgaiups in the buccolingual bone
width from baseline to six months after surgergicating that the use of the MLT
and HA mixture significantly reduced the resorptioh both buccal and palatal

bone.?®

In terms of bone density, while the interventionoup in our study
demonstrated slightly elevated mean bone densiygsorements across all assessed
regions, the observed differences (range: 0.8-1\@&6¥ not clinically significant till
the observed follow-up period of 4 months. Theswlifigs are supported by few
studies which evaluated the effect of Melatof3fi¥>®” and Hyaluronic acid®® on

implant stability. In contrast, a study done by @ieet al in 2022 revealed excellent
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outcomes in terms of bone density when the comioimabf Melatonin with
Hyaluronic acid was used in cases of Maxillary simugmentation®® Few of the
other studies also revealed similar results innégy#go bone density, wherein the test
group recorded higher mean density than the cogtmlp 6 months post-operatively.
(28.8788)Thijs finding could be explained by melatonin’siaesorptive effects through
two primary mechanisms: (1) direct antioxidant i that scavenges free radicals
and suppresses osteoclast function, andd@ynregulation of RANKL-mediated
osteoclast differentiation and activatiéf? Hyaluronic acid (HA) critically regulates
bone repair by enhancing mesenchymal stem cell (M8iQration, adhesion, and
proliferation, while promoting their osteogenic fdientiation into functional

osteoblast<®¥

The current literature provides limited evidencesuting enhanced osseous

regeneration from combined melatonin and hyaluraeid therapy.

The absence of notable hard tissue alterationpiia ef advancements in soft
tissue healing could suggest that the melatoninl#vdcombination's main mode of
action is centred on promoting early soft tissugsgte and lowering inflammation

rather than directly promoting bone remodellingigithe time period under study.
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CONCLUSION

Our study highlighted the synergistic effects ofaluyonic acid (HA) and
melatonin when used together to promote post-etidracsocket healing. It
significantly enhanced soft tissue healing and pasnagement, though its role in
bone preservation requires further investigatiome Tombination exhibits potential
for socket preservation, immediate implant placememd sinus augmentation.
Larger sample sizes and longer periods of follonargrequired in further studies to

comprehensively explore its potential in these doma

Page 55



Summary

SUMMARY

This study investigated the synergistic effectsnalatonin and hyaluronic
acid (HA) on post-extraction socket healing in #tspouth randomized controlled
trial involving 25 patients requiring bilateral pesor tooth extractions. One socket
received a combination of melatonin and HA, white tother was left to heal by
secondary intention. Outcomes included pain redocsissessed via Visual Analog
Scale (VAS), wound healing (Landry and Turnbull ésji and bone preservation

through CBCT scans.

Key findings demonstrated significant improvementsoft tissue healing and
pain management in the treatment group. VAS scerre consistently lower, and
patient satisfaction was higher, with reduced assitguse. Wound healing scores
were significantly better at days 3 and 7. Howewer,significant differences were
observed in bone height, width, or density afteurfononths, suggesting the
combination primarily enhances early soft tissyganerather than bone remodelling

within the study period.

The study concluded that melatonin and HA syndogiby improve pain
control and soft tissue healing post-extractiort, their impact on bone preservation
remains inconclusive. Further research with laxg#rorts and extended observation
is recommended to explore long-term bone regemeratotential. This combination

shows promise for applications in socket presesuwatind bone regeneration.
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Annexures

ANNEXURE 1I: PATIENT INFORMATION SHEET

KLE Vishwanath Katti Institute of Dental Sciences, Belagavi

Department of Oral and Maxillofacial Surgery

Patient Information Sheet

“COMBINATION OF MELATONIN WITH HYALURONIC
ACID FOR SOCKET PRESERVATION FOLLOWING
EXTRACTION OF POSTERIOR TEETH - A RANDOMIZED
CONTROLLED TRIAL"

Dear Patient,

You are invited to take part in a research study to evaluate your socket healing. post-operative pain and
bone density post-extraction with a combination of two different intra-socket materials. I would like to
interview you to ask you about the symptoms of the condition and also perform the surgical procedure on
you. This research is a part of a MDS, main dissertation at KLE Academy of Higher Education and
Research.

Before you decide whether to take part in the study it is important that you understand what the research is
for and what you will be asked to do. Please take time to read the following information and discuss it with
others if you wish. It is up to you to decide whether or not to take part in this study. If you decide to take
part you will be given this information sheet to keep. You will be also asked to sign a consent form. You
can change your mind at any time and withdraw from the study without giving any reason. The standard of
care you receive will not change whether or not you decide to participate in this study. You are welcome to
contact me - if you would like any further information.

The purpose of this research study is to evaluate the efficacy of Melatonin and Hyaluronic acid when placed
in the socket after extraction of teeth.

You have been chosen because you require extraction of teeth. The study will involve 25 participants who
will be examined and tooth extraction will be performed on them. During this procedure, Melatonin with
Hyaluronic acid mixture soaked in absorbable gelatin sponge will be placed in the socket after extraction.
Photographs will be recorded during the pre-operative and post-operative stage for record purposes. You
will be asked to report for a review and follow-up visit on 3 day, 7* day and 4 months after the procedure.

The information gained from this research will be used to publish in scientific platforms/ journals without
revealing your identity to make recommendations for the best practice and the results of the study may also
lead onto further studies regarding post-extraction socket preservation.

L . age years, have been
explained the details of the study undertaken. I am fully satisfied with the procedure and instructions given
by Dr. and hereby give my permission to participate in this study.

Place:

Date:

Signature of participant:
Contact no:

Address:

Page 72


hp
Highlight


Annexures

ANNEXURE III: PATIENT CONSENT FORM

K.L.E.’s V.K. Institute of Dental Sciences

Department of Oral and Maxillofacial Surgery, Belgaum
CONSENT TO SURGERY & ANAESTHETICS

Date : Time : am./pm.

1. I aged years have

been informed about my involvement in the study.

2. Tagree to give my personal details like name. age, sex, address. history of

treatment taken and any other details required for the study to the best of my

knowledge.

3. I will cooperate with the surgeon for examination and also for various investigations.
4. I permut the surgeon to utilize the information given by me and the results

obtained from this study for presentation and publication.

5. I permit the surgeon to take my photographs to utilize it for the study and
presentation purpose.

6. Iam participating in this study with my own wish and will and the surgeon has
explained the nature and the effect of procedure including extraction of tooth and
placing Mixture of Melatonin and Hyaluronic acid soaked in absorbable gelatin

sponge and its effect on the postoperative pain, wound healing and bone density in my
vernacular language.

7. The nature and purpose of the operation and the materials being used, possible
alternative methods of treatment, the risk involved and the possibility of complications
have been fully explained to me in my vernacular tongue. No guarantee or assurance
has been given by anyone as to the results that may be obtained.

8. Ihave read and understood the above information given by surgeon about the study
and willingly agree to participate in the study and willingly agree to come for follow up

on the 3 day. 7® day and 4 months.

Name: Date:
Signature: Mobile No:

Name of the Doctor- ¢ | EEEED
Doctor’s contact:-
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ANNEXURE |V: PATIENT LOG SHEET

Annexures

PATIENT ASSESSMENT

NAME :

TOOTH NUMBER :
T/C:

DATE :

1) POSTOPERATIVE PAIN

012345678910
rr

No Pain Mild Moderate Severe \rr) \cwn

OO @ ¢

L
\\oV\I Pain
Possible

TIME PAIN SCORE

4 HOURS

8 HOURS

12 HOURS

24 HOURS

3" DAY

5" DAY

2) POSTOPERATIVE PAIN SATISFACTION

SCORE LEVEL OF SATISFACTION
1 Dissatisfied
2 Rather dissatisfied
3 Neither
4 Rather satisfied
5 Satisfied
TIME LEVEL OF PAIN SATISFACTION
4 HOURS
8 HOURS
12 HOURS
24 HOURS
3™ DAY
5™ DAY
3) POSTOPERATIVE SUPPLEMENTAL ANALGESIC TIME AND DOSE
TIME (POST EXTRACTION) DOSE

TREATING DOCTOR
Contact details
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