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Chapter

Novel Dental Implants with Herbal 
Composites: A Review
Gopathy Sridevi and Seshadri Srividya

Abstract

Missing a permanent tooth is a miserable condition faced by a common man. 
A tooth decay, periodontitis, mechanical trauma, or any systemic complications 
lead to such a complication. These bone defects when left untreated lead to severe 
resorption of the alveolar bone. A proper dental filling with an appropriate bone 
substitute material could prevent such resorption and paves a way for subsequent 
implant placement. Dental implants are considered as the prime option by dentists 
to replace a single tooth or prevent bone resorption. A variety of bone substitutes 
are available differ in origin, consistency, particle size, porosity, and resorption 
characteristics. Herbal composites in dentistry fabricated using biphospho-calcium 
phosphate, casein, chitosan, and certain herbal extracts of Cassia occidentalis, 
Terminalia arjuna bark, Myristica fragans also were reported to possess a higher 
ossification property, osteogenic property and were able to repair bone defects. 
C. occidentalis was reported to stimulate mineralization of the bone and osteo-
blastic differentiation through the activation of the PI3K-Akt/MAPKs pathway in 
MC3T3-E1 cells of mice. This implant proved better osteoconductivity and bioactiv-
ity compared to pure HAP and other BCP ratios. Terminalia Arjuna was also worked 
in the incorporation in the graft to enhance the osteogenic property of the implant 
and gave good results. Another implant bone graft was synthesized containing BCP, 
biocompatible casein, and the extracts of Myristica fragans and subjected to in vitro 
investigations and the results revealed the deposition of apatite on the graft after 
immersing in SBF and also the ALP activity was high when treated with MG-63 
cells, NIH-3 T3, and Saos 2 cell lines. This study indicates that the inclusion of plant 
extract enhances the osteogenic property of the graft. Thus, these novel dental 
implants incorporated with herbal composites evaluated by researchers revealed 
an enhanced bone healing, accelerates osseointegration, inhibits osteopenia, and 
inhibits inflammation. This application of herbal composite inclusion in dentistry 
and its applications has a greater potential to improve the success rate of dental 
implants and allows the implications of biotechnology in implant dentistry.

Keywords: bone defect, dental filling, implant, hydroxyapatite, osseointegration, 
herb, osteoconducting

1. Introduction

Human teeth are the hardest substance in the human body that enhances the 
beauty of a person. It is a highly important structure that helps in food chewing to 
mechanically break down the food by cutting and crushing them in preparation 
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for swallowing and digesting. It also aids in speech and its articulation of words. 
Human teeth consist of 20 primary (deciduous, “baby” or “milk”) teeth in children 
and 32 permanent teeth in adults. Teeth are classified as incisors, canines, premo-
lars, and molars. Incisors are primarily used for cutting the food into pieces, canines 
are used for tearing the tissues of the food, and molars help to grind the food into 
smaller substances [1].

Teeth are also important for cosmetic purposes as well. Many dental treatments are 
not purposefully dealt with filling and taking out a tooth, but indeed nowadays people 
turn out to esthetic dentistry to improve, straighten, lighten, reshape, and repair teeth 
as well. The field of esthetic dentistry includes the establishment of veneers, crown 
bridges, implants, tooth-colored filling, and teeth whitening procedures.

1.1 Tooth loss

Tooth exfoliation starts from childhood. A young boy or girl loses the baby 
teeth, and it gets exfoliated in response to permanent teeth that start developing 
beneath them. This loss of primary teeth begins around the age of six and continues 
till 12 years of age. The primary teeth that are vulnerable are the upper and lower 
lateral incisors that shed at 7–8 years and upper canines are that shed around 
10–12 years of age. Only the upper and lower first molars shed at 9–11 years of age 
and upper and lower second molars shed at 10–12 years of age [2].

1.2 Pathological tooth loss

Tooth loss is a condition that advances with the increase of age. This occurs as a 
result of mechanical disturbances and abnormal forces that act during the chewing 
process of hard substances, traumatic injury, etc. Also, a few conditions such as 
untreated dental caries (tooth decay) and severe periodontal (gum) disease might 
lead to loss of permanent teeth. Tooth decay is the primary cause of tooth loss. It is 
caused by the increased plaque retention on the teeth followed by bacterial invasion 
of the plaque. This ultimately results in dental caries and the formation of cavities. 
Untreated tooth cavities for a chronic period of time lead to the breakdown of the 
tooth. This bacterial invasion and retention of plaque deposits also affects the gums 
and bones attached to the tooth and loses its ability to hold the tooth. Periodontal 
structures are tissues that support teeth and their attachment to the bone. Diseases 
of the gums and bones are caused by bacterial invasion of teeth and retention of 
plaque. It results in diseases of the gums leading to periodontitis and detachment of 
supporting structures of the teeth and eventually causes tooth loss. So, the ultimate 
care of oral hygiene is the only preventive measure to prevent tooth loss. Good oral 
hygiene is the process of maintaining proper brushing of teeth two times a day 
with fluoridated toothpaste and frequent flossing. Regular dental check-ups every 
6 months can be availed to ensure good teeth and prevent tooth loss [3].

1.3 Mechanical trauma and tooth loss

There are a few conditions like bruxism otherwise called teeth grinding that 
occurs during sleep. This condition is very common in people who tend to be awake 
by profession at night. This tooth grinding increases the wear and tear action on 
the tooth and causes mechanical injury. The risk of tooth fractures is common in 
sportspeople, especially in football and goalie. Research reports claim that smoking 
is another important cause of tooth loss. Reports from countries, such as the United 
States, Germany, and Japan, show a strong relationship between cigarette smok-
ing and tooth loss. The habit of smoking weakens the body’s immune response to 
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infection and causes immunosuppression. This makes it harder to guard against a 
gum infection and takes a longer time to heal. Reports reveal that systemic diseases 
also relate to tooth loss. Conditions, such as cardiovascular diseases, diabetes 
mellitus, cancer, and osteoporosis, also lead to permanent tooth loss due to their 
secondary complications. Therefore, tooth loss is not restricted to poor oral hygiene 
but poor maintenance of overall health [4–6].

1.4 Treatment options for missing tooth

Missing a permanent tooth is a miserable condition. Years after years the treat-
ment options for missing teeth are dental implants, fixed dental bridges, removable 
partial dentures. Dental implants are considered as the prime option by dentists to 
replace a single tooth. This procedure involves the surgical mounting of a titanium 
metal post or frame on the upper or lower jaw along with mounting the replaced 
missing tooth. This dental implant acts as a permanent base for the replaced 
tooth. This procedure is highly advantageous because the replaced dental implant 
resembles a natural tooth and can last for decades. It also acts independently and 
does not disturb the adjacent normal tooth. The next treatment option is a fixed 
dental bridge. This procedure provides bridging between the gaps caused by the 
lost tooth and involves the employment of a dental prosthesis or an artificial tooth. 
This dental prosthesis would be attached to adjacent teeth and bonded in place with 
dental cement. A removable partial denture consists of replacement teeth that are 
attached to a natural-looking pink base. The natural teeth also act to stabilize and 
hold the removable plastic base in its position place. This pink base is designed in a 
way that matches the color of the gums and the color of the normal teeth [7].

2. Dental implants

A dental implant is a material placed in or on the oral tissues that help to sup-
port the oral prosthesis. An ideal implant material should possess the following 
characteristics. It should be biocompatible and possess adequate strength, rigidity, 
good corrosive, and be capable of wear and fracture resistance. The principles of 
designing a dental implant should be much compatible with the physical properties 
of the material. Materials that are used for fabricating a dental implant can be con-
sidered according to the chemical composition of the implant and their biological 
responses. Many reports claim that these dental implants may be made from metals, 
ceramics, or polymers [8].

2.1 Titanium and its alloys

According to the American Society for testing and materials, there are six 
distinct types of titanium that are widely available as implant biomaterials. They are 
grade I, II, III, IV Cp Ti, various combinations of titanium, aluminum like alpha-
beta alloy containing 6% Al and 4% V, alpha-beta titanium alloy containing 6% 
aluminum and 7% niobium, alpha-beta titanium alloy with non-ferrous metal. The 
physical and mechanical properties, such as tensile strength and osseointegration, 
elastic modulus, non-toxic nature, are quite different for the different alloys. The 
most important property related to the oxygen residuals in the metals and the other 
two titanium is considered as very low interstitial alloys. Among all the available 
alloys, the commercially prepared pure titanium alloys are generally considered as 
pure and mentioned in Grade I, Grade II, Grade III, and Grade IV titanium and has 
wide applications in implant manufacturing. Some trace elements, such as carbon, 
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oxygen, nitrogen, and iron, are also considered in this process. Although titanium 
possesses many strengthening characteristics, literature reports reveal that it evokes 
a stronger reaction in the host causing hypersensitivity reactions, failed implants 
with increased concentration of titanium in peri-implanted tissues, regional nodes, 
and pulmonary tissues based on animal models, allergy to titanium in the form of 
urticaria, pruritus of the mucosa or skin, atopic dermatitis, poor fracture healing, 
necrosis and immunosuppression and weakening of orthopedically implanted 
titanium [9].

2.2 Ceramics

Ceramics has been widely used as a dental implant coating and it was the first 
introduced material in the field of implant dentistry. Hydroxyapatite is one of 
the most known biocompatible materials commonly used as a coating for metal 
implants. These hydroxyapatite coatings create a good interfacial strength between 
bone and implant. It provides greater implant stability and improves bone healing 
that lies adjacent to implants. The use of hydroxyapatite improves the capacity of 
osseointegration and increases the rate of rehabilitation of patients. This method of 
implanting decreases the time from implant insertion to final reconstruction of the 
implant [10]. There are various methods to coat hydroxyapatite on implants, they 
include sol–gel coating, electrophoretic deposition, plasma spraying, sputter-depo-
sition, and biomimetic precipitation. Ceramic materials that are used for dental 
implanting and coatings. The materials used are hydroxylapatite (HA), tricalcium 
phosphate, fluorapatite (FA), tetracalcium phosphate, calcium pyrophosphate, 
brushite, bioglasses, aluminum oxide, zirconium oxide, etc. (Figure 1).

2.3 Metals as dental implants

In the field of dental implanting, metals are widely selected based on factors 
that involve properties belong to its biomechanical characteristics, machining 
characteristics, and surface finishing characteristics as well. In the present day, 
metals, such as Co-Cr, stainless steel, and gold are quite outdated in the dental 
implant industry and the currently available dental metals are alloys of titanium 
and zirconium as well. Certain components of dental implants such as the abutment 
screws and some attachments of the implants are also made of alloys of gold, stain-
less steel, and Co-Cr. Titanium is mostly considered as an effective material by most 
of the dentists for its wide intraosseous applications. It has enormous and typical 
properties, such as lesser readily affected or corroded by the environment, high 
resistance to chemical dosing, and capability to repair on its own. The resistance to 
being deformed elastically—modulus of elasticity was very compatible with that of 
bone and titanium oxide [11, 12]. Although titanium is a typical material suitable 
for dental implanting, it faces a lot of shortfalls. These drawbacks and detrimental 
properties of titanium ultimately resulted in prompting the scientists to look and 
research the new implant from other biomaterials [13].

The next innovation to overcome the said shortfalls led to the development of 
ceramic implants [14]. And as a result of this zirconia is used as another material for 
dental inserts. This in turn contrasted with metallic components zirconia demon-
strated the least particle discharge and they are thought to be dormant in the body 
[15]. Zirconia acts as a tooth-like shading and possesses great mechanical properties 
and has great biocompatibility. In such a way, it is by all accounts an appropriate 
dental material [16]. The utilization of zirconia implants keeps a strategic distance 
from the inconvenience and acquiesces to the demand of numerous patients 
without metal inserts. The material additionally gives high quality, crack sturdiness, 
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and biocompatibility [17]. There are various materials used for fabricating endos-
seous dental implants like titanium, titanium alloy, stainless steel, alumina, carbon, 
bioglass, polyurethane, etc. [18–20].

A novel implant, the ceria-stabilized zirconia-alumina-aluminate composite was 
developed and was established for its significant effect that it is not prone to aging. 
This implant represents a probable alternative to the yttrium-stabilized zirconia 
that is used for ceramic oral implants. This implant was evaluated for its long-term 
stability due to its make with Ce-TZP-comp and it proved a significant lowest 
fracture load after combined loading/aging [21].

2.4 Polymers

A variety of polymers have been utilized as dental implant materials [22]. A portion 
of the polymer materials is polymethylmethacrylate, polytetrafluoroethylene, poly-
ethylene, polyurethane, and polysulfone, etc. When polymer acts as a coating layer, 
inferior mechanical properties, lack of adhesion to living tissues, and adverse immu-
nologic reactions are eliminated [23–26]. In the present day, polymeric materials are 
constrained to assemble the shock retaining segments joined into the superstructures 
bolstered by inserts [26]. A wide variety of biomaterials have found profound applica-
tions in the form of inserts. This type of insert in implantology requires a suitable bio-
material of choice. The presently available biomaterials, such as bioceramics and other 
composite biomaterials, are under higher consideration and the precise examination of 
such biomaterial definitely have a promising future in the field of dental applications.

3. Herbal composites in dentistry

Herbal medicine is an indigenous system of traditional Hindu medicine and is 
native to the Indian subcontinent. Contemporary practices derived from ayurvedic 
traditions are also a type of alternative medicine. Ayurveda recommends some daily 
use therapeutic procedures for the prevention of and maintenance of oral health. 
It involves Dant Dhavani (brushing), Jivha Lekhana (tongue scrapping), and 
Gandoosha (gargling) or even oil pulling and tissue regeneration therapies. Various 
herbs are widely used in dentistry and they are aloe vera [27], cloves [28], eucalyp-
tus [29], peppermint [30], and turmeric [31].

Figure 1. 
SEM-image of hydroxyapatite.
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3.1 Icariin

Icariin, one of the traditional Chinese herbal medicines, possesses significant 
evidence that it strengthens bones, enhances healing of bone, inhibits osteopenic 
effect, and inhibits inflammation. This idea made scientists incorporate icariin for 
better osseointegration of dental implants and shorten the rehabilitation time of 
patients and the results revealed that. Evaluation of the hypothesis: Limited suc-
cess has been achieved to help implant surgery in icariin significantly improved the 
success rate of the dental implant [32].

3.2 Ascorbic acid

Another randomized trial of preparing a biocomposite osteogenic nanofiber was 
developed with the incorporation of polycaprolactone, hydroxyapatite, dexametha-
sone, gelatin, beta-glycerophosphate, and ascorbic acid along with titanium implants 
was developed so that it mimics the bone extracellular matrix and eventually induced 
osteogenesis in the peri-implant niche and also regenerates the osseous tissue. This 
implant was worked on rabbit models and the results revealed that a coating of osteo-
genic nanofibrous tissues significantly increased the magnitude of osteogenesis around 
the zone of peri-implant tissue and also favored the dynamics of osseointegration [33].

3.3 Cassia Occidentalis

Cassia occidentalis Linn belongs to the family Caesalpiniaceae and is commonly 
called Kasondi in Hindi. It is mostly grown in the southern parts of India and 
the plant products have been used for various ailments and have a rich medicinal 
value [34]. C. occidentalis (CO) contains significant bioactive compounds, such as 
terpenoids, anthraquinones, and carotenoids. The plant products were reported to 
stimulate mineralization of the bone and osteoblastic differentiation through the 
activation of the PI3K-Akt/MAPKs pathway in MC3T3-E1 cells of mice [35].

3.4 Cassia Occidentalis

3.4.1  Herbal composite using orange and potato peel, papaya leaf, calendula flower 
extract

Another novel dental implant synthesized a nanohydroxyapatite using different 
methods by utilizing the biomolecules from waste products, such as an egg-shell. In 
this study, an institutional controlled synthesis of nano-sized HAP was performed, 
which can be employed in the future for another material synthesis thereby an 
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improved bone bonding was obtained by this novel material [36]. A novel implant 
synthesized with nano HAP rods was performed by an in situ method using poly 
(vinyl alcohol) (PVA). These PVA nano-sized crystals of HAP obtained were fur-
ther subjected to in vitro analysis using simulated body fluid. The nano-sized crystal 
of HAP composite improved its hardness when treated with PVA and it overcomes 
the brittleness of pure HAP [37].

3.4.2 Porous scaffolds

A prepared porous scaffold using nano HAP and nylon 6,6 using a salt-leaching 
technique was a newly handled technique. Here HAP was dispersed on the pore 
walls of the scaffold bonds well with nylon 6,6 and it increased the stiffness of the 
scaffold. This porous scaffold acts to be effective as a three-dimensional substrate 
for bone tissue engineering [38]. Another method developed on dental implanting 
includes the synthesis of biphospho-calcium phosphate (BCP) for calcium-deficient 
apatites, such as enamel, dentin, and bone mineral by a process of sintering. The 
prepared BCP had controlled bioactivity when the HAP/βTCP ratio was controlled. 
This form of BCP can be used as carriers for growth factors, drug delivery systems, 
and in tissue engineering [39]. 

Another preparation included natural porous bioceramics from processing the 
cancellous bone. Calcined bovine bone was treated with sodium pyrophosphate and 
sintered to obtain HAP and was in turn converted to βTCP and BCP. This process was 
done to improve and increase the bioactivity of the ceramics when placed in vivo [40].

A newly evolved technique was prepared by using BCP with different HAP/
βTCP ratios and was analyzed for its bioactivity with SBF solution and osteocon-
ductivity in rabbits. The study found that BCP with a HAP/TCP ratio of 60:40 was 
found to be best in showing the bioactivity and osteoconductivity compared to 
pure HAP and other BCP ratios. A newly developed implant was created using a 
coating material for orthopedic metal implants. In this study, a new bioglass was 
prepared and coated on Ti-based and Co-Cr alloys. This was done to enhance the 
cell adhesion when placed in vivo as a dental implant. This coated metal implant was 
prepared for dental applications [41].

Another novel implant was prepared by using composite material consisting of 
poly-L-lactide (PLLA) and bioactive glass by solvent evaporation technique. The 
composite was bathed and soaked in SBF for 3 days for allowing the HAP deposition 
on the composite. The dried composite was subjected to various characteriza-
tion techniques. The study found that the bioactivity of the composite was highly 
increased and it, in turn, supported the composite to promote bone integration 
when placed in vivo [42].
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3.4.3 Chitosan-HAP composite

Another group of researchers synthesized a composite containing chitosan, 
HAP, and bioglass. Chitosan-HAP composite was prepared using calcium nitrate 
and orthophosphoric acid in SBF. The novel prepared composite bioactive glass was 
added to this preparation. In vitro bioactivity was determined for the composite 
and the study found that the addition of bioactive glass improved the compression 
strength of the material [43]. A prepared HAP-bioglass composite was developed to 
improve the compression strength of the composite compared to pure HAP. In this 
study, HAP was synthesized and combined with a varying percentage of bioglass 
and was pelletized. The biocomposite dental implanting material was characterized 
using various techniques and the study found that HAP with 10% bioglass was hav-
ing increased bioactivity and compression strength (Figure 2) [44].

3.4.4 Vitamin E

Another implant was prepared with a bioglass composite film consisting of 
poly (3-hydroxybutyrate) and vitamin E. The incorporation of vitamin E was done 
to increase the protein adsorption and hydrophilicity on the surface of the film. 
This composite film was subjected to various characterized studies and the results 
reported that they can be applied [45] in tissue engineering as a better matrix 
material for cell adhesion [46]. Chin et al. worked on preparing a novel multi-
component skin substitute by using collagen as a matrix material which typically 
depicts the normal architecture of the skin. This implanting material has a main 
advantage in producing a cost-effective bone substitute. A novel prepared magnetic 
fibrin incorporated with nanoparticles and characterized those nanoparticles by 
various physicochemical techniques using Saos 2 cells, the cell viability, adhesion, 
and alkaline phosphatase assay. The study revealed that the [47] material exhibited 
good osteogenic property and hence it can be used in bone tissue engineering .

3.4.5 Collagen

Auxenfans et al. [48], a researcher investigated a scaffold that contains collagen 
and glycosaminoglycans (GAG). The matrix was seeded with fibroblast and the study 
found that it forms a typical reconstructed skin or hemicornea once epithelialization 

Figure 2. 
Cassia occidentalis.
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completes. Another study analyzed the rate of degradation of pure collagen and 
collagen–HAP beads using collagenase enzyme. This enzyme was able to digest pure 
collagen quickly compared to collagen-HAP gel beads. The HAP provides resistance 
for quick degradation and the matrix structure could be maintained for a greater 
period and it supports the cell to adhere, proliferate, and then differentiate [49].

3.4.6 Gluataraldehyde and barium sulfate

Another research study reported the collagen type II scaffolds by cross-linking 
with glutaraldehyde and scaffold without cross-linking with glutaraldehyde. The 
study explained that the scaffolds were seeded with chondrocytes and observed 
the interaction of cells with the scaffold. The cell adherence on the surface of the 
scaffold was high which was confirmed by SEM analysis [50]. Another implant 
using used barium sulfate and zirconia as additives to implant as a bone cement 
was created to enhance the visualization through X-ray imaging. The incorporation 
of these additives in bone cement helps to locate the material placed in the bone 
defect areas [51]. Brown et al. [52, 53] formulated a bone cement consisting of tetra 
calcium phosphate (TTCP) and dicalcium phosphate (DCPA or DCPD) with a P/L 
ratio of 4:1 and mixed with water. The mixture was allowed to set for 30 min which 
formed calcium-deficient HAP. The formed material was hardened and molded and 
has wide applications in craniofacial surgery. Yamaguchi et al. [54] suggested the 
inclusion of zinc along with bone cement which induces osteoblast formation at the 
localized area and eventually new bone formation happens. Another material was 
developed where Co-Cr alloy was coated with bioactive glass by a process of enam-
eling. The coated alloy was immersed in SBF for 30 days to observe the deposition of 
HAP on its surface which eventually increases the bioactivity of the material. This 
has also had wide applications in the tissue engineering field [55].

3.4.7 Agarose and BSA

Another new fabrication was created using a porous scaffold containing foam-
like bioglass and poly (lactide-co-glycolide) PLGA. The scaffold showed high 
microporosity and also the material was favorable for cell adhesion and hence this 
scaffold was widely applied in tissue engineering [56]. Another researcher [57] also 
developed a scaffold containing BCP and agarose gel. He analyzed the compression 
behavior of the scaffold and found that agarose improved the property of BCP 
by imparting elasticity, ductility, and toughness to the material. Hence, this scaf-
fold could be used in the tissue engineering process. Another researcher [58] too 
prepared a scaffold comprising of two proteins namely bovine serum albumin and 
alpha casein by a cold gelation process. The developed scaffold can perform better 
in its porosity, cytotoxicity, and swelling ratio and the pH changes unalters the scaf-
fold performance. An Indian researcher [59] also prepared bone grafts containing 
fibrin functionalized graphene oxide (FGO) and graphene oxide (GO) on to which 
HAP was grown by wet precipitation method. An in vitro analysis was performed to 
study its biocompatibility, cell viability, alkaline phosphatase activity, and protein 
expression studies. The graft containing FGO–HAP showed a better osteoconduc-
tive compared to the GO–HAP graft and the results clearly indicated that FGO–HAP 
can be used in repairing bone defects.

3.4.8 Terminalia arjuna bark

Another Indian scientist team [60] prepared a bone substitute with the incorpo-
ration of the extracts of Terminalia arjuna bark. The bark extracts were collected, 
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added with BCP, casein gel, and cast into cylindrical bone grafts. The grafts were 
immersed in SBF for 21 days and analyzed using conventional techniques. The graft 
was subjected to in vitro cell studies to observe its ossification property. The plant 
bark extract was traditionally used in fracture healing and hence its incorporation 
in the graft to enhance the osteogenic property of the graft which was evident 
in in vitro studies. Santhosh et al. [61] synthesized a bone graft containing BCP, 
biocompatible casein, and the extracts of Myristica fragans. The prepared graft was 
analyzed for in vitro bioactivity and subjected to in vitro cell analysis. The results 
revealed the deposition of apatite on the graft after immersing in SBF and also the 
ALP activity was high when treated with MG-63 cells, NIH-3 T3, and Saos 2 cell 
lines. This study indicates that the inclusion of plant extract enhances the osteo-
genic property of the graft.

4. Conclusion

The widely used dental implants are known for their unique characteristics. 
Recently, novel dental implants incorporated with herbal composites were evalu-
ated by research scientists and revealed abundant evidence on such materials. These 
implants developed enhanced bone healing and strengthens the bone, accelerates 
osseointegration, inhibits osteopenia, and inhibits inflammation. These novel 
implants allow good biocompatibility, viability and shorten the rehabilitation time 
for the patients. The application of herbal composite inclusion in dentistry and its 
applications has a greater potential to improve the success rate of dental implant 
and allows the implications of biotechnology in implant dentistry.
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