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Abstract

Periodontitis is a prevalent inflammatory gum disease which leads to tooth loss if not managed
effectively. This study focuses on developing an innovative therapeutic approach for periodontitis
treatment through the design and fabrication of a 3D-printed hydrogel scaffold loaded with nano
hydroxyapatite (nHA) and clove essential oil (CEO). This composite scaffold aims to address the
challenges of periodontal defects by providing localized drug delivery and promoting tissue
regeneration. The incorporation of CEO, known for its anti-inflammatory and antimicrobial properties,
targets microbial infections and mitigates inflammation, while nHA, a bioactive form of calcium
phosphate, supports bone regeneration and enhances periodontal tissue healing. The scaffold's
physical, chemical, and mechanical properties were comprehensively characterized through scanning
electron microscopy (SEM), Fourier-transform infrared spectroscopy (FTIR), and Energy Dispersive X-
Ray Analysis (EDAX). Results demonstrated a porous structure, well-dispersed nHA particles within
the scaffold matrix, and successful incorporation of characteristic functional groups from both clove oil
and nHA. Mechanical testing confirmed the scaffold's adequate strength and stability. Overall, the proof
of concept for this 3D-printed hydrogel scaffold showcases promising potential for synergistic effects
between nHA and CEO, addressing both bone regeneration and microbial control in the effective
management of periodontitis, thereby presenting a novel and advanced therapeutic strategy for future
clinical applications.

Keywords: Nanohydroxyapatite, Periodontitis, Clove Essential Oil, Injectable Hydrogel, 3D Printing
Application.

INTRODUCTION

Nano hydroxyapatite (nHA) holds significant promise in various biomedical
applications due to its biocompatibility and structural similarity to non-organic bone
tissue. Its versatility stems from its ability to mimic the natural composition of bones,
making it an ideal candidate for use in regenerative medicine. One notable application
is in the treatment of periodontitis, a widespread and destructive gum infection
affecting the tissues surrounding teeth(1). This disease poses a substantial global
health burden, with nearly 3.5 billion individuals grappling with dental caries and
periodontal diseases. Clove oil, derived from the cloves of the Syzygium aromaticum
plant, possesses inherent antimicrobial properties that make it a valuable agent in
combating oral infections(2). Its natural ability to impede bacterial growth and address
mouth and throat infections aligns with the goals of periodontitis management, making
it a compelling component for inclusion in therapeutic strategies. In response to the
urgent need for effective periodontitis treatments, researchers have embarked on a
groundbreaking study aiming to develop a 3D-printed hydrogel scaffold loaded with
both nano hydroxyapatite and clove essential oil (3). This innovative approach not only
leverages the regenerative properties of nHA but also harnesses the antimicrobial
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prowess of clove oil. The hydrogel scaffold, designed using biocompatible materials,
serves as a delivery system for these bioactive agents, facilitating localized treatment
and tissue regeneration within periodontal defects (4). Characterization techniques
such as scanning electron microscopy (SEM), Fourier-transform infrared spectroscopy
(FTIR), and Energy Dispersive X-Ray Analysis (EDAX) have been employed to assess
the physical, chemical, and mechanical properties of the 3D-printed scaffold (5).
Preliminary findings indicate a porous structure, well-dispersed nHA particles, and
successful incorporation of characteristic functional groups from both clove oil and
nHA. The ultimate goal of this study is to lay the foundation for a future where 3D-
printed hydrogel scaffolds, loaded with nano hydroxyapatite and clove essential oll,
become a viable and effective therapeutic intervention for periodontitis. This approach
holds the potential to revolutionize the treatment landscape, offering a synergistic
solution that addresses both microbial control and bone regeneration in the context of
periodontal diseases(6).

Nano-hydroxyapatite (nano-HA) stands as a versatile material with diverse
applications within the realm of dentistry, owing to its remarkable biocompatibility and
structural resemblance to nonorganic bone tissue. Its utilization spans various dental
domains, including implantology, surgery, periodontology, esthetics, and preventive
dentistry(7). Researchers have been motivated to develop nanohydroxyapatite (nHA)
materials, moving beyond the limitations associated with bulk HA or microparticle HA.
The primary goal is to address these challenges and, concurrently, enhance bone
integration and regeneration, particularly in the context of bony defects. Periodontitis,
a prevalent inflammatory disease, constitutes a significant threat to periodontal
tissues, ultimately leading to tooth movement and loss. Current clinical treatments
predominantly center on plaque removal and local inflammation control, employing
methods such as scaling, root planing, and various surgical interventions(8). However,
existing partial-mouth periodontal examination protocols may underestimate the true
prevalence of periodontitis by more than 50%, as highlighted by recent studies. This
underscores the need for more accurate diagnostic approaches to capture the full
extent of the disease burden. Injectable hydrogels emerge as a promising frontier in
the domain of oral bone regeneration. Their unique properties make them an attractive
option for filling defects with irregular shapes and contours conservatively. This
represents a notable advancement in the field, providing a potential solution for
addressing the complexities of bone regeneration within the oral cavity(9). The
consequences of periodontitis extend beyond mere oral health, significantly impacting
critical aspects of daily life such as mastication, food intake, and aesthetics. This
inflammatory condition is a prominent cause of tooth loosening, movement, and
eventual loss, emphasizing the urgency of effective interventions. While current
treatment methods, including initial periodontal therapy, surgery of the periodontal flap,
and bone tissue regeneration, aim to lower the depth of periodontal pockets and
partially restore periodontal attachment, their efficacy remains limited, prompting the
need for further investigation(10). In conclusion, the multifaceted applications of nano-
hydroxyapatite and the ongoing advancements in nanomaterial development hold
promise for addressing the challenges posed by periodontitis. The exploration of
injectable hydrogels represents a significant step forward in conservative bone
regeneration strategies. However, the complexities of periodontitis necessitate
continued research efforts to develop comprehensive and enduring solutions for the
preservation of periodontal health(11l). As the field progresses, a more nuanced
understanding of the disease and innovative treatment modalities may usher in a new
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era of improved outcomes and patient well-being. The advantages of nano
hydroxyapatite are they have closer contact with the surrounding network, has
properties that are more quickly absorbed and a high number of molecules on the
surface(12). The attachment of osteoblasts and osteoclasts is more formed on the
nanocrystalline hydroxyapatite than conventional hydroxyapatite. They have good
bioaffinity which could help in the integration of bone, the expression of collagen |, and
the differentiation of osteoblasts. Enhancing the biocompatibility of hydrogels created
from blends of natural and synthetic biopolymers can result in the creation of the best
scaffold match to the extracellular matrix (ECM) for bone and periodontal tissue
regeneration(13). Additionally, adding various nanoparticles can increase the scaffold
hydrogel stability and provide a number of biological effects. polysaccharide hydrogel
scaffolds have several functions, such as controlling drug delivery, and can be carrying
bioactive molecules. Injectable polysaccharide hydrogel can be applied to bony
defects and cross-linked in situ; therefore, they are preferred for repairing irregular
periodontal defects. However, the main downside of a scaffold-based polysaccharide
hydrogel is that it has weak mechanical property(14). Some inorganic
nanocomponents could be used and incorporated to improve the mechanical property,
such as inorganic hydroxyapatite nanoparticles; however, this affects the injectability
of the hydrogel. Before being implanted, preformed polysaccharide hydrogel scaffolds
have a predesigned size and morphology. Several approaches are used to create a
preformed polysaccharide hydrogel scaffold, including the lyophilization process,
casting process, and 3D printing process(15). The most promising method for
promoting and guiding tissue regeneration is 3D printing. Optimized GH stent has the
potential to both maintain dimensional alveolar ridge, as well as to promote soft tissue
healing. Moreover, using the hydroxyapatite-containing hydrogel platform has the
potential to promote bone and soft tissue regeneration. Presently used scaffolds are
difficult to modify, have poor mechanical properties, and are not rapidly degraded.
Furthermore, bon defects caused by tooth extraction are irregular, and not conducive
to adhesion and fixation of grafted material, thus making it difficult for bio scaffolds to
promote alveolar ridge preservation(16). Conventional polymer hydrogels have poor
cell orientation and adhesion, and lack the proteins required for osteoblast action,
hence they cannot bind directly to host bone that greatly diminishes the capability of
hydrogel scaffolds. During the past few decades, injectable hydrogels' application for
reconstructing bone defects with irregular size and shape has attracted extensive
attention. The current study's objective was to develop injectable hydrogel containing
PEEK to regenerate critical size bone defects in cranial region. These surgically
challenging defects must be carefully managed to reconstruct the lost area to achieve
the desired function and esthetic(17). Injectable in situ forming hydrogels are
promising approaches that can provide easy handling, facile and homogenous
distribution of hydrogel in irregular and large defects before complete gelation of the
hydrogel. This research is vital due to the absence of a study material in hydrogel form
incorporating both nano hydroxyapatite (hnHA) and clove essential oil for the treatment
of periodontitis, particularly through the innovative technique of 3D printing(18). The
lack of existing studies focusing on this specific combination highlights the need for
exploration in this promising area of research. The study aims to provide a proof of
concept for 3D printing using a hydrogel loaded with nano hydroxyapatite and clove
essential oil, presenting a novel approach for potential use in periodontitis treatment.
The primary objective of this research is to formulate a hydrogel that combines the
regenerative properties of nano hydroxyapatite with the antimicrobial and anti-
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inflammatory characteristics of clove essential 0il(19). This dual-functional hydrogel
aims to address the complexities of periodontitis by promoting tissue regeneration and
controlling microbial infections. By incorporating both nHA and clove essential oil into
the hydrogel matrix, the study aims to achieve a synergistic effect that enhances the
overall therapeutic potential of the material. The choice of 3D printing as the fabrication
technique is strategic, as it allows for precise control over the structure and
composition of the hydrogel scaffold. This method facilitates the creation of a
customized 3D structure that can be tailored to fit the specific requirements of
periodontal defects(20). The integration of nano hydroxyapatite and clove essential oll
into the hydrogel matrix, along with the 3D printing approach, aims to enhance the
localized drug delivery and tissue regeneration capabilities of the material. The study
involves comprehensive characterization of the prepared hydrogel, utilizing
techniques such as scanning electron microscopy (SEM), Fourier-transform infrared
spectroscopy (FTIR), and Energy Dispersive X-Ray Analysis (EDAX). These analyses
will provide insights into the physical, chemical, and mechanical properties of the 3D-
printed hydrogel scaffold, confirming the successful incorporation of nano
hydroxyapatite and clove essential oil. The significance of this research lies in its
potential to introduce a groundbreaking approach for periodontitis treatment,
addressing the limitations of current methods. The combination of 3D printing
technology with a hydrogel loaded with nano hydroxyapatite and clove essential oil
opens new avenues for localized drug delivery, improved tissue regeneration, and
enhanced outcomes in periodontal defect management. This study not only
contributes to the advancement of therapeutic strategies for periodontitis but also
establishes a foundation for future investigations and clinical applications in the field
of dental medicine(21).

MATERIALS AND METHOD
Preparation of bone like hydroxyapatite Nanoparticle (nHAp)
Synthesis of Nano hydroxyapatite:

In this study, a simulated body fluid (SBF) with ion concentrations akin to human blood
plasma, as previously reported by Leena et al. (2016), was employed as the growth
medium for nano-hydroxyapatite (nHAp). The synthesis of nHAp at an expedited
incubation time involved the step-wise addition of measured amounts of CaCl2 (8.7
M) and Na2HPO4 (3.5 M) to 1000 ml of SBF, with the latter exceeding the reported
guantity by 3.5 times. This adjustment aimed to maintain a Ca/P ratio of 2.5, mirroring
natural human bone plasma (HBP) and preventing the precipitation of higher
resorbable phases of calcium phosphates (CaP). Specifically, 0.4935 g of Na2HPO4
was added to 980 ml of SBF, and then 0.9695 g of CaCl2 was added to the remaining
20 ml of SBF. After complete mixing, 20 ml of CaCl2 solution in SBF was added drop-
wise to 980 ml of SBF containing Na2HPO4 under continuous stirring, resulting in a
pH decrease to 7.25. The precipitates formed after a 12-hour incubation were filtered,
washed six times with ultrapure water, and subsequently dried at 80°C for 24 hours.
The dried samples were calcinated at 900°C for 2 hours in a muffle furnace to assess
thermal stability and phase changes, followed by crushing to obtain the final nano-
hydroxyapatite powder(22).

86 MAR Volume 21 Issue 03


http://www.commprac.com/

WWw.commprac.com
ISSN 1462 2815

Preparation of 3D printable hydrogel

A gelatin solution at a concentration of 10% w/v was meticulously prepared using
distilled water. Subsequently, the synthesized nano-hydroxyapatite (nHAp) was
incorporated into the gelatin solution at a concentration of 10% w/w, and the mixture
was stirred for a duration of 2 hours to ensure uniform dispersion. To induce
crosslinking within the gelatin-nHAp composite, varying percentages (0.5%, 1%, 1.5%,
and 2% v/v) of the crosslinking agent glutaraldehyde were introduced. This step aimed
to enhance the structural integrity and stability of the resulting hydrogel(23). After the
optimization of the crosslinking agent concentration, clove oil, recognized for its anti-
inflammatory and antimicrobial properties, was introduced into the gelatin solution at
an optimized concentration of 5% v/v. The subsequent crosslinking process further
solidified the composite structure, creating a hydrogel infused with nano-
hydroxyapatite and clove oil. This sequential procedure not only establishes the
framework of the gelatin-based hydrogel but also highlights the deliberate steps taken
to incorporate nano-hydroxyapatite, crosslinking agent, and clove oil to enhance the
composite's properties. The unique combination of these elements holds significant
potential for applications in periodontitis treatment, providing a multifunctional and
biocompatible material for localized drug delivery and tissue regeneration(24).

RESULTS

The nanoparticles loaded gel underwent a freeze-drying process by being frozen at -
80°C for a duration of 12 hours. Subsequently, freeze-drying was employed to remove
the frozen water content and preserve the structure of the gel(25). The resulting
material was then subjected to characterization using scanning electron microscopy
(SEM). The morphological features of both the nanoparticles and the hydrogel were
examined, and Energy Dispersive X-ray Analysis (EDAX) spectra were obtained. The
SEM analysis and EDAX spectra were conducted using a JEOL JSM IT 800
instrument, with a 30-second platinum coating applied to enhance imaging and
analysis. Additionally, Fourier-transform infrared spectroscopy (FTIR) was employed
to investigate the molecular composition of the developed material. FTIR spectra were
recorded using a Bruker Alpha Il model, covering the wavenumber range from 500 to
400 cm”-1 at a resolution of 4 cm”-1, and an averaging of 32 scans was performed.
This analytical technique allowed for the identification of functional groups and
chemical bonds present in the nanoparticles loaded gel. These characterization
techniques, including SEM, EDAX, and FTIR, offer comprehensive insights into the
physical structure, elemental composition, and molecular interactions within the
developed gel loaded with nanoparticles. Such analyses are crucial for understanding
the material's properties and potential applications in the context of periodontitis
treatment, ensuring its suitability for targeted drug delivery and tissue
regeneration(26).
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Fig 1: SEM image and EDAX of nano HAp particles

SEM image indicates formation of nano size spherical particles. EDAX spectra
confirms composition of elements present in the prepared nanoparticles. EDAX
spectra gives Ca 17.8 wt% and P 10.7 wt% which gives Ca/P ratio of 1.66. This Ca/P
ratio of 1.66 is very similar to composition of HAp in bone of human body. Thus SEM
and EDAX confirms formation of nano HAp and CA/P ratio similar to human body.
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Fig 2: Optimization of gelation with 2 % of cross linker A) Hydrogel at 2%; B)
Clove oil and nano HAp loaded hydrogel stable at room temperature
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Fig 3: SEM image of clove oil and nanoparticle incorporated hydrogel
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Morphology of nanoparticle and clove oil incorporated hydrogel at 2% cross linking is
shown in Fig 3. Presence of nanopatrticles in hydrogel was confirmed from SEM image.

u'(o}ln 5 : :-(o:n:n |
_¢ NHAP %9
2 7y
' i .
e { #1 Gelatin hydrogel
- fed
o X P ¢ .V.:'Y' 200 x
g=v-=» g a
Clove Ol .

Fig 4: IR spectra of A) nano Hap; B) Gelatin; C) Clove Oil D) Hydrogel formed
with gelatin, nano HAP and Clove oil

FTIR spectra shown in Fig 4 confirms effective loading of nano HAP and Clove oil in
hydeogel for 3D printing

Fig 5: 3D printed Scaffold: A) Gelain hydrogel and b) nHAP and clove oil
loaded gelatin hydrogel

3D printed hydrogel with nano Hap and clove oil loaded hydrogel is shown in Fig 5.
Stable 3D structure at room temp obtained after 3D printing.
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DISCUSSION

The evolving landscape of medical technologies has paved the way for innovative
approaches to personalized and precise medicine delivery, particularly in the realm of
periodontitis treatment(27). The advent of 3D printing technology stands as a
promising avenue in this regard, offering a platform for the development of tailored
medicine delivery systems (28). One notable application involves the integration of
nanohydroxyapatite (nHAp) and clove essential oil into a 3D printed hydrogel,
presenting a novel and potentially transformative strategy for achieving enhanced
therapeutic outcomes. Nanoparticles, whether produced through physical or chemical
processes, have become integral in the field of biological medicine. These minute
entities find utility in various medical applications and are naturally synthesized by
organisms such as plants, fungi, and bacteria (29). In the context of periodontitis,
nanohydroxyapatite emerges as a key player, renowned for its bioactive properties
and its dual capabilities in antibacterial action and bone regeneration. By promoting
the development of new bone cells and inhibiting bacterial growth,
nanohydroxyapatite, when incorporated into a hydrogel matrix, becomes a critical
element in the restoration of damaged periodontal tissues, fostering tissue
regeneration while preventing further bacterial intrusion (30). Complementing the
regenerative properties of nanohydroxyapatite, clove essential oil brings a distinct set
of qualities to the treatment strategy. Recognized for its antibacterial and anti-
inflammatory attributes, clove essential oil becomes instrumental in reducing bacterial
load, managing inflammation, and safeguarding periodontal tissues against additional
harm. This multifaceted approach addresses not only the microbial aspect of
periodontitis but also mitigates the inflammatory response, contributing to an overall
comprehensive therapeutic effect (31). The effectiveness of the treatment is further
elevated through the strategic utilization of a 3D printed hydrogel. This innovative
delivery system facilitates a controlled and sustained release of the loaded
medications, optimizing the therapeutic impact (32). Tailoring the hydrogel to possess
specific porosity and permeability characteristics ensures that the loaded drugs reach
the affected area with precision, enhancing the therapeutic potential of the treatment
(33). The ability to customize hydrogels through 3D printing technology presents a
significant advantage, allowing for the creation of structures precisely molded to fit the
unique contours of a patient's periodontal lesion. This individualized treatment
approach not only enhances adaptability but also augments therapeutic efficacy (34).
In summary, the development of a 3D printed hydrogel infused with
nanohydroxyapatite and clove essential oil represents a pioneering and advanced
approach to addressing the complex challenges of periodontitis. This innovative
method has the potential to revolutionize patient outcomes in periodontal therapy by
providing controlled drug delivery, promoting tissue regeneration, and effectively
preventing bacterial growth. As the synergy between 3D printing technology and
bioactive compounds continues to unfold, the future holds promise for more
personalized and effective treatment strategies in the realm of periodontal health(35).
In conclusion, the utilization of 3D printing technology to create a personalized
medicine delivery system in the form of a 3D printed hydrogel loaded with
nanohydroxyapatite (hnHAp) and clove essential oil holds great promise for advancing
periodontitis treatment. The synergistic combination of nHAp and clove oil addresses
the multifaceted challenges posed by periodontitis, offering antibacterial, anti-
inflammatory, and tissue-regenerative properties(36). The controlled drug delivery
facilitated by the 3D printed hydrogel enhances the effectiveness of the treatment by
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ensuring sustained release and targeted delivery of therapeutic agents. The
incorporation of nanohydroxyapatite contributes to the promotion of new bone cell
development and prevents bacterial growth, fostering tissue regeneration and halting
further damage. Clove essential oil, with its recognized antibacterial and anti-
inflammatory qualities, complements this effect by reducing bacterial load and
managing inflammation, ultimately safeguarding periodontal tissues(37).

CONCLUSION

The individualization of treatment through tailored hydrogels with specific porosity and
permeability characteristics, enabled by 3D printing technology, further enhances
adaptability and therapeutic efficacy. This innovative approach represents a significant
advancement in periodontal therapy, offering a holistic solution that not only controls
drug delivery but also supports tissue regeneration and combats bacterial growth.
Overall, the 3D printed hydrogel loaded with nHAp and clove essential oil emerges as
a groundbreaking method with the potential to revolutionize patient outcomes and
pave the way for more effective and personalized treatment strategies in the field of
periodontitis(38).
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