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Abstract 
      The purpose of this study was to evaluate the scientific literature related to the use of graphene 
and its derivatives in dentistry. Electronic research was carried out on PubMed, Scopus and Web of 
Science. The studies found included the following topics: the use of graphene in tissue engineering, 
implantology, as an antibacterial material and in the manufacture of dental materials. The studies 
analyzed have provided promising results for a wide range of applications in dentistry and for this 
reason the use of graphene in dentistry deserves further investigation to define the benefits of these 
materials and their use in dental treatments.   
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 Introduction 
 
 Graphene is a crystalline form of carbon 
isolated for the first time in 2004 by Novoselov 
and Geim. It consists of a single layer of sp2 
hybridized carbon atoms arranged in a two-
dimensional (2D) honeycomb lattice; this 
fundamental unit repeated itself to form a planar 
crystalline structure called "sheet". In this sheet, 
each atom of carbon binds to other three that are 
placed at 120 ° from each other, with 1.42 Å 
interatomic distance and 2.46 Å center-center 
distance. Each carbon atom forms three bonds σ 
and a π bond placed outside the plane that can 
bind with neighboring atoms. These double 
conjugate bonds, placed above and below the 
molecule plane, are able to give a very high 
electrical conductivity and a particular stability.1-3  
Graphene is a very resistant material, in fact, the 
Young's modulus of single- and bilayer graphene 
are 2.4 ± 0.4 and 2.0 ± 0.5 TPa, respectively and 
it has a 130 GPa fracture strength. Graphene is 
also an extremely light material, with a density of 
only 0,77 mg/m2 and it has a good electrical and 

thermal conductivity (about 5000 Wm-1K-1), high 
intrinsic mobility (200 000 cm2 v-1s-1) and a good 
optical transparency with a transmittance about 
97.7%.4-8 

Graphene can be synthesized by two 
approaches: top-down and bottom-up.9 

The top down approach consists in the 
production of graphene by separation, peeling, 
cleavage or mechanical, electrochemical, 
solvent-based exfoliation of graphite or its 
derivatives.10 

The bottom-up approach, instead, 
includes standard techniques such as chemical 
vapor deposition (CVD), pyrolysis, chemical 
synthesis, arc discharge, decompression of CNT, 
solvothermal, epitaxial growth and electrically 
assisted synthesis.11 

Various shapes, sizes and compositions 
of graphene and also different possibilities for its 
subsequent functionalization are obtained from 
these different techniques.12 

Graphene can be transformed in zero-
dimensional (0D) nanomaterials (such as 
fullerenes), rolled into one-dimensional (1D) 
nanotube or manipulated in 3D graphite. 
Graphene’s sheets exist in bi-layers and multi-
layers. As the number of layers increases, the 
properties of the material get modified. When the 
number of layers is greater than 10, the material 
shows graphite’s similar characteristics.3 

By chemical and physical modifications, 
graphene’s sheets can be transformed into its 
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derivatives, such as: pristine graphene (pG), 
graphene oxide (GO), and reduced graphene 
oxide (rGO).1,13 

The first one is a pure carbon thin layer. 
The second one is a graphene’s hydrophilic 
oxidized form. Its structure is a single atomic 
layer with functional groups such as carboxylic 
acid, epoxide and hydroxyl and it contains carbon 
atoms with sp3 hybridization located slightly 
above or below the graphene plane. Because of 
these differences in hybridization, orientation and 
defect patterns, the surfaces of GO sheets 
appear rougher. The highest surface of the GO 
and its unique amphiphilic surface properties 
allows the adsorption of proteins, dye molecules 
and water-insoluble drugs. The rGO, instead, is 
produced by reducing the GO through thermal, 
chemical or UV exposure processes.12,14-17   

Graphene has several fields of application 
including engineering, electronics, energy and 
biomedical area.18 In the last area, graphene is 
used for drug and gene delivery, cancer therapy, 
biosensing, bioimaging and creation of 
antibacterial material.9,19 The use of graphene for 
the regeneration of cardiac, nervous, skin / 
adipose, cartilage and bone tissues has also 
been studied.17 

In this review the existing literature on the 
use of graphene in dentistry was analyzed. An 
electronic search until December 2018 was 
performed in three Internet databases: PubMed, 
Scopus and Web of Science. The search terms 
used were: “graphene AND dentistry OR dental 
materials”. They were used together with their all 
known synonyms. The studies found covered the 
following topics: the use of Graphene in tissue 
engineering, implantology, the use of graphene 
as an antibacterial material and the use of 
graphene for the creation of dental materials.  
  

Tissue Engineering  
In dentistry, fields such as tissue 

engineering and regenerative medicine are 
spreading widely. Graphene-based 
nanomaterials, especially GO, are used as 
scaffolds in tissue engineering to support cellular 
attachment, proliferation and differentiation and 
numerous stem cell studies have been carried 
out to explore these properties.20-22 

Xie et al.23, for example, evaluated the 
use of graphene to stimulate odontogenic and 
osteogenic differentiation in dental pulp stem 
cells (DPSC). DPSCs were seeded on graphene 

or glass (Gl) and was observed that graphene 
caused higher levels of mineralization compared 
to Gl. The odontoblastic genes (MSX-1, PAX and 
DMP) were down-regulated and genes and 
osteogenic proteins (RUNX2, COL and OCN) 
were significantly upregulated on graphene 
compared to Gl.  

Radunovic et al.24, instead, have 
investigated the effect of GO-coated collagen 
membranes on DPSCs. The DPSCs were 
cultured both on uncoated membranes and on 
GO-coated membranes. The authors observed 
that GO’s coated membranes promote a greater 
proliferation of DPSCs differentiation into 
odontoblasts/osteoblasts and at the same time 
they can control the onset of inflammatory 
events.  

In the same year, Park et al.25, evaluated 
the use of GO in the GBR procedure. The 
authors carried out a study to determine whether 
GO titanium membranes (GO-Ti) in different 
concentrations (10, 100, 1000 mg/ml) were able 
to improve the osteogenesis of MC3T3-E1 pre-
osteoblasts and promote new bone formation. 
The authors noted that the GO-Ti membranes 
significantly stimulated the activity of alkaline 
phosphatase (ALP). In this study the GO-Ti 
membranes were also used in GBR procedure 
for the treatment of calvary defects of rats and it 
was observed that GO-Ti membranes have led to 
better bone regeneration compared to control 
group (titanium membranes).  

In another research, Kim et al.26 
evaluated the effect of biphasic calcium 
phosphate (BCP) coated with rGO as bone 
grafting materials in bone regeneration. The 
study was carried out on 48 calvary bone defects 
of rats. The animals were divided into four groups 
depending on bone graft material used (only 
BCP, rGO: 28 μg/mL and BCP, rGO: 56 μg/mL 
and BCP, rGO: 140 μg/mL and BCP) and the 
results were obtained by micro-CT and 
histological analysis.  The results showed that 
the bone volume formed was significantly higher 
in the groups with biphasic calcium phosphate 
(BCP) coated with reduced rGO compared to the 
control group.  

Graphene and its derivatives have also 
been used to prevent bone resorption and 
remodeling occurring after tooth extraction. this 
procedure is indicated to counteract bone loss 
and optimize the subsequent positioning of the 
implant and the prosthetic rehabilitations.27-28 
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Nishida et al.29 have used collagen 
sponge coated with 1 μL / mL of GO for the 
treatment of post-extraction sites of the dogs. 
The bone formation was evaluated histologically 
and by means of radiographic images carried out 
immediately after the intervention and 2 weeks 
after scaffold implantation. The sockets treated 
with GO scaffold showed an increase in 
radiopacity and the histological sample have 
revealed that GO scaffold promoted new bone 
formation.  

The same scaffold was used by 
Kawamoto et al.30 for the treatment of II grade’s 
furcation defects in dogs. Eighteen class II 
furcation defects were randomly divided in two 
groups: test group and control group. In the first 
one the scaffold was used with GO while in the 
second one only collagen scaffold was used. 
Periodontal healing was histologically assessed 4 
weeks postoperatively. The authors observed 
that the GO scaffold resulted in better bone and 
periodontal regeneration compared to the control 
group.   
 

Implantology. Tooth loss is a public 
health problem worldwide.  Loss of teeth and 
alveolar or basal bone can lead to significant 
problems during mastication, affecting the 
nutritional status. To date, there are several 
therapeutic options for the rehabilitation of 
edentulous patients and fixed implant-supported 
restoration has established itself as a popular 
and effective procedure for replacing missing 
teeth.31-38 

The fixed prosthesis guarantees stability, 
reduces inflammation of the mucous membranes 
and correctly restores their function and 
aesthetics. In addition, this procedure also has a 
positive social and psychological impact on the 
patient and improves his quality of life.39-42 

Today, titanium is the material used for 
dental implants due to its excellent 
biocompatibility (due to the formation of a stable 
oxide layer on its surface), corrosion resistance, 
specific resistance, toughness, resilience and low 
rigidity.43 Over the years, different alloys, 
surfaces and coatings have been used to try to 
maximize bone at implant contact values 
(BIC).40,44 Recently, graphene has also been 
used as implant’s coating. The transfer of 
graphene to the titanium surface can be carried 
out by two methods: wet and dry. Wet transfer is 
the most commonly used method but often 

causes water trapping between the target 
substrate and the graphene film which, after 
evaporation, creates large folds and cracked 
areas. To overcome these problems, dry transfer 
techniques have been developed, such as roll-to-
roll, thermal release tape and direct dry transfer 
techniques.45-47 

Jiajun et al.48 studied the properties and 
the osteogenic activity of three-dimensional 
modified titanium in porous nanosheets (rGO @ 
Ti). Mesenchymal stem cells of rat bone 
(rBMSCs) were seeded on various samples and 
incubated for 1, 4, and 24 h. The authors 
observed that rGO @ Ti showed a high 
hydrophilicity and biocompatibility. Furthermore, 
it could improve the activity of ALP, extracellular 
matrix mineralization (ECM), collagen secretion 
of rBMSCs and the expression of genes related 
to osteogenesis containing ALP, morphogenic 
protein of bone 2 (BMP-2), osteocalcin (OCN) 
and osteopontin (OPN).  

Gu et al.49 evaluated, in vitro and in vivo, 
the effects of graphene coating on titanium 
implant on adhesion, proliferation and osteogenic 
differentiation. Human gingival fibroblast (hGF), 
stem cells derived from human adipose tissue 
(hASC) and human bone marrow mesenchymal 
stem cells (hBMMSCs) cultures on graphene 
samples were made. Graphene caused an 
increase in the adhesion of hASC and hBMMSCs 
to the substrate, so the graphene’s coating on Ti 
substrates could improve the interaction between 
the material and the surrounding soft tissue. 
Graphene-coated titanium can also promote the 
osteogenic differentiation of hASCs and 
hBMMSCs but no significant differences in cell 
proliferation and growth were observed on the 
surfaces of the studied samples.  

Dubey et al.50, also, investigated the 
osteogenic and antibacterial potential of 
graphene coating on commercially pure titanium 
(CpTi). The coating was made both with the dry 
technique (DGp) and the wet one (WGp). The 
authors observed that titanium coated with 
graphene was cytocompatible and didn’t induce 
cell membrane damage. Moreover, both WGp 
and DGp increased the expression of all 
osteogenic-related genes, osteocalcin gene and 
protein expression.  

Suo el al.51, instead, have made a 
composite coating of GO / chitosan / 
hydroxyapatite (GO / CS / HA) on titanium. The 
authors evaluated the adhesion, vitality, 

http://www.ektodermaldisplazi.com/dergi.htm
http://www.jidmr.com/


 

Journal of International Dental and Medical Research ISSN 1309-100X                                       Graphene Applications in Dentistry 
http://www.jidmr.com                                                                                                                                         Di Carlo Stefano, and et al 

 

  Volume ∙ 12 ∙ Number ∙ 2 ∙ 2019 

                            
Page 751 

differentiation and cellular mineralization in vitro 
while the osteogenic properties in vivo by 
conducting a study on animals comparing the GO 
/ CS / HA-Ti with HA-Ti, CS / HA-Ti and GO / HA-
Ti.  

The GO / CS / HA-Ti samples showed 
better adhesion, proliferation and differentiation 
of BMSC and osseointegration compared to 
other samples too.  
 

Antimicrobical Effects  
Carbon-based nanomaterials have been 

reported to have antimicrobial effects.52 This 
effect is based on three different mechanisms. 
Firstly, 2D nanostructures are able to wrap cells 
by inducing mechanical stress and limiting 
nutrient absorption. The second interaction 
mechanism is due to the edges of the 
nanostructure acting as nano-knives, penetrating 
and disrupting the cell membrane. Finally, the 
third mechanism is based on the production of 
oxidative stress.53,54  

Rago et al.55 analyzed the antimicrobial 
properties of graphene nanoplatelets (GNP) 
against S. Mutans. The strain used in this study 
had been isolated from plaque and saliva 
samples taken from pediatric patients. Graphene 
nanoplatelets have led to a reduction in the 
number of S. Mutans. From the SEM analysis it 
was found that graphene determines mechanical 
damage to the bacterial surface. Bergnocchi et 
al.56, instead, studied the use of GNP as a filler of 
dental adhesives in order to obtain an 
antibacterial and anti-biofilm activity. It has been 
observed that the nanomaterial determined a 
reduction in the adhesion and growth of S. 
Mutans in vitro without altering adhesive’s 
properties of the material itself.  

Lee et al.57 examined the addition of 
graphene oxide nanosheet (nGO) in quantities 
(0.25, 0.5, 1.0, or 2.0% by weight) to polymethyl 
methacrylate (PMMA) powder. The authors found 
that nGO caused a bacterial adhesion’s reduction 
on the material. Furthermore, the addition of nGO 
to PMMA has led to an increase in the surface 
roughness and hydrophilicity of the material 
without compromising its properties.  

The antimicrobial activity of graphene can 
also be exploited in implantology.  

The implant surfaces can be colonized by 
bacteria that represent a potential source of 
tissue inflammation.58,59 The inflammatory 
process of peri-implant tissues may result in 

biological failure and progressive loss of 
osseointegration.60 As has recently been 
reported49,50, graphene coating reduces the 
number of viable bacteria and the formation of 
biofilm on implant surface.  
 

Dental Materials 
Graphene can be mixed with other 

materials in order to improve its properties.11 
Lee et al.57 in their work observed that the 

resistance to 3-point flexion and Vickers 
microhardness were increased thanks to the 
addition of 0.5% of nGO to PMMA compared to 
control samples.  

Alamgir et al.61, instead, studied the 
addition of TiO2 and GO to PMMA as 
reinforcement. Two different nanocomposites 
(PMMA / GO and PMMA / GO + TiO2) were 
prepared. The structural, thermal, and 
mechanical characterizations were performed. 
Nanocomposites exhibited different thermal and 
microstructural characteristics and a greater 
resistance to localized deformation when they 
were compared to pure PMMA. The PMMA / GO 
+ TiO2 nanocomposite had higher Young module 
and scratching force compared to PMMA/GO and 
PMMA samples.  

Sun et al.62 analyzed the mechanical 
properties, wear resistance and antibacterial 
properties of glass ionomer cements with the 
addition of fluorinated graphene (FG) in different 
percentages (0.5 wt%, 1 wt%, 2 wt% and 4 wt%). 
The addition of FG caused an increase in Vickers 
microhardness, compressive strength and a 
reduction of the friction coefficient compared to 
non-reinforced materials without changing the 
properties of the glass ionomer cements. A 
decrease in the number of S. aureus and S. 
Mutans colonies was also observed.  

Dubey et al.63, instead, evaluated the 
effects of graphene nanosheets (GNS) on 
bioactivity and on the physical, mechanical and 
chemical properties of two cements: Biodentine 
(BIO) and Endocem Zr (ECZ). GNS was 
combined with the two cements in different 
concentrations (1, 3, 5 and 7 wt %). The addition 
of the GNS did not interfere in the composition of 
the cements; it reduced the setting time, 
increased the hardness and didn’t alter the pH of 
both materials. On the other hand, the addition of 
GNS to ECZ in all the percentages used, caused 
a significant reduction in the adhesion force.  

Lee et al.64, instead, studied the 
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mechanical and biological properties of 
orthodontic bonding adhesive (Transbond XT 
(LV)) enriched in GO and bioactive glass mixture 
(BAG) (BAG @ GO) in a ratio of 1, 3 and 5 %. 
The adhesive with 3%wt and 5%wt of BAG@GO 
showed a better microhardness compared to LV, 
while there wasn’t statistically significant 
difference in the shear bond strength test 
between the LV group and the BAG @ GO 
group. BAG @ GO group also had high 
antibacterial and anti-demineralization effect.  

Sava et al.65 investigated the properties of 
materials composed of a monomeric mixture of 
Bis-GMA and TEGDMA as a matrix and 
hydroxyapatite with graphene, bioglass, colloidal 
silica as a reinforcing filler. The authors observed 
that in materials with the addition of 5-10% by 
weight of hydroxyapatite with graphene 
nanoparticles the Young's modulus, the surface 
hardness of the material and the flexural strength 
were increased.   
 
 Conclusions 
 
 In recent years, graphene and its 
derivatives have aroused considerable interest in 
the biomedical field due to their structures and 
properties. They are very versatile materials with 
unique characteristics such as large surface 
area, high mechanical strength, electrical 
conductivity and thermal stability. They can be 
transferred to different substrates to give existing 
materials greater bioactivity and optimized 
physical, chemical and mechanical properties. In 
this review, we discussed recent studies on the 
use of graphene in tissue engineering and 
implantology to assess its potential to promote 
cell differentiation, proliferation and adhesion. 
The antibacterial activity and mechanical 
properties of graphene materials were also 
evaluated. The studies analyzed have given 
promising results for a wide range of applications 
in dentistry and for this reason the use of 
graphene in dentistry deserves further 
investigation to establish the benefits of the 
material and its use in dental treatments. 
 
 Declaration of Interest 
 

No conflict interest. 
 

  
 

References 
 
1. Novoselov KS, Geim AK, Morozov SV et al. Electric field effect 

in atomically thin carbon films. Science. 2004; 306(5696):666-
669. 

2. Geim AK. Graphene: status and prospects. Science. 2009;324: 
1530–1534 

3. Geim AK, Novoselov KS. The rise of graphene. Nat Mater. 
2007; 6:183-191 

4. Lee JU, Yoon D, Cheong H. Estimation of Young's modulus of 
graphene by Raman spectroscopy. Nano Lett. 2012; 
12(9):4444-4448. 

5. Zhu Y, Murali S, Cai W et al. Graphene and graphene oxide: 
synthesis, properties, and applications. Adv Mater. 2010; 
22(35):3906-3924. 

6. Balandin AA, Ghosh S, Bao W et al. Superior thermal 
conductivity of single-layer graphene. Nano Lett. 2008; 
8(3):902-907 

7. Sheehy DE, Schmalian J. Optical transparency of graphene as 
determined by the fine-structure constant. Phys Rev B. 2009; 
80:193411. 

8. Bolotin KI, Sikes j, Jiang Z et al. Ultrahigh electron mobility in 
suspended graphene. Solid State Commun. 2008; 146:351-355 

9. Foo ME, Gopinath SCB. Feasibility of graphene in biomedical 
applications. Biomed Pharmacother. 2017; 94:354-361 

10. Worsley KA, Ramesh P, Mandal SK, Niyogi S, Itkis  ME, 
Haddon RC. Soluble graphene derived from graphite fluoride. 
Chemi Phys Lett. 2007; 455(1-3):51-56 

11. Dhand V, Rhee KY, Kim HJ, Jung DH. A comprehensive review 
of graphene nanocomposites: research status and trends. J 
Nanomater. 2013; (763953):14 

12. Erol O, Uyan I, Hatip M, Yilmaz C, Tekinay AB, Guler MO. 
Recent advances in bioactive 1D and 2D carbon nanomaterials 
for biomedical applications. Nanomedicine. 2018; 14(7):2433-
2454. 

13. Szaraniec B, Pielichowska K, Pac E, Menaszek E. 
Multifunctional polymer coatings for titanium implants. Mater Sci 
Eng C Mater Biol Appl. 2018; 93:950-957. 

14. Zhang J, Zhang F, Yang H et al. Graphene oxide as a matrix for 
enzyme immobilization. Langmuir. 2010; 26(9):6083-6085. 

15. Kim J, Cote LJ, Kim F, Yuan W, Shull KR, Huang J. Graphene 
oxide sheets at interfaces. J Am Chem Soc. 2010; 
132(23):8180-8186. 

16. Dreyer DR, Park S, Bielawski CW, Ruoff RS. The chemistry of 
graphene oxide. Chem Soc Rev. 2010; 39(1):228-40. 

17. Shin SR, Li YC, Jang HL et al. Graphene-based materials for 
tissue engineering. Adv Drug Deliv Rev. 2016; 105(Pt B):255-
274. 

18. Avouris P, Dimitrakopoulos C. Graphene: synthesis and 
applications. Mater Today. 2012; 15(3):86-97 

19. Shen H, Zhang L, Liu M, Zhang Z. Biomedical applications of 
graphene. Theranostics. 2012; 2(3):283-294. 

20. Olteanu D, Filip A, Socaci C et al. Cytotoxicity assessment of 
graphene-based nanomaterials on human dental follicle stem 
cells. Colloids Surf B Biointerfaces. 2015; 136:791-798. 

21. Pompa G, Brauner E, Jamshir S, De Angelis F, Giardino R, Di 
Carlo S. Quality of life in patients rehabilitated with palatal 
obturator without reconstruction versus fixed implant-prosthesis 
after reconstruction of maxillectomy defects. J Int Dent Med 
Res. 2017; 10(1):1-8 

22. Kiran Kumar K, Kumar NS, Sowmya N, Tanveer K, Shameem K, 
Kumar S. Pre-prosthetic orthodontic implant site preparation for 
management of congenitally unerupted lateral incisors - A case 
report. J Int Dent Med Res. 2013; 6(1):40-44 

23. Xie H, Chua M, Islam I et al. CVD-grown monolayer graphene 
induces osteogenic but not odontoblastic differentiation of 
dental pulp stem cells. Dent Mater. 2017; 33(1):e13-e21 

24. Radunovic M, De Colli M, De Marco P et al. Graphene oxide 
enrichment of collagen membranes improves DPSCs 
differentiation and controls inflammation occurrence. J Biomed 
Mater Res A. 2017; 105(8):2312-2320. 

 

http://www.ektodermaldisplazi.com/dergi.htm
http://www.jidmr.com/


 

Journal of International Dental and Medical Research ISSN 1309-100X                                       Graphene Applications in Dentistry 
http://www.jidmr.com                                                                                                                                         Di Carlo Stefano, and et al 

 

  Volume ∙ 12 ∙ Number ∙ 2 ∙ 2019 

                            
Page 753 

25. Park KO, Lee JH, Park JH et al. Graphene oxide-coated guided 
bone regeneration membranes with enhanced osteogenesis: 
Spectroscopic analysis and animal study. Appl Spectros Rev. 
2016; 51(7-9):540-55 

26. Kim JW, Shin YC, Lee J et al. The Effect of Reduced Graphene 
Oxide-Coated Biphasic Calcium Phosphate Bone Graft Material 
on Osteogenesis. Int J Mol Sci. 2017; 8(18):1725 

27. Guarnieri R, Ippoliti S, Stefanelli LV,  De Angelis F, Di Carlo S, 
Pompa G. Tissue Dimensional Changes Following Alveolar 
Ridge Preservation with Different Xenografts Associated with a 
Collagen Membrane. Results at the 4-Month Re-Entry Surgery. 
Int Arc Oral Maxillofac Surg. 2017; 1(1) 

28. Guarnieri R, Stefanelli LV, De Angelis F, Mencio F, Pompa G, 
Di Carlo S. Extraction Socket Preservation Using Porcine-
Derived Collagen Membrane Alone or Associated with Porcine-
Derived Bone. Clinical Results of Randomized Controlled Study. 
J Oral Maxillofac Res. 2017; 8(3):e5 

29. Nishida E, Miyaji H, Kato A et al. Graphene oxide scaffold 
accelerates cellular proliferative response and alveolar bone 
healing of tooth extraction socket. Int J Nanomedicine. 2016; 
11: 2265-2277 

30. Kawamoto K, Miyaji H, Nishida E et al. Characterization and 
evaluation of graphene oxide scaffold for periodontal wound 
healing of class II furcation defects in dog. Int J Nanomedicine. 
2018; 13: 2365-2376. 

31. De Angelis F, Basili S, Giovanni F, Dan Trifan P, Di Carlo S, 
Manzon L. Influence of the oral status on cardiovascular 
diseases in an older Italian population. Int J Immunopathol 
Pharmacol. 2018; 32:7p  

32. Brauner E, Valentini V, De Angelis F et al. Gingival hyperplasia 
around dental implants in jaws reconstructed with free 
vascularized flaps: A case report series. J Int Dent Med Res. 
2018; 11(1):1-7  

33. Marrelli M, Pacifici A, Di Giorgio G et al. Diagnosis and 
treatment of a rare case of adenomatoid odontogenic tumor in a 
young patient affected by attenuated familial adenomatosis 
polyposis (aFAP): case report and 5 year follow-up. Eur Rev 
Med Pharmacol Sci. 2014; 18: 265-269 

34. Brauner E, Pompa G, Quarato A et al. Maxillofacial Prosthesis 
in Dentofacial Traumas: A Retrospective Clinical Study and 
Introduction of New Classification Method. Biomed Res Int. 
2017; 2017:8136878 

35. Laureti M, Ferrigno N, Rosella D et al. Unusual case of 
osseointegrated dental implant migration into maxillary sinus 
removed 12 years after insertion. Case Rep Dent. 2017; 
9634672 

36. Pompa G, Di Carlo S, De Angelis F, Cristalli M, Annibali S. 
Comparison of Conventional Methods and Laser-Assisted 
Rapid Prototyping for Manufacturing Fixed Dental Prostheses: 
An In Vitro Study. Biomed Res Int. 2015; 318097:1-7 

37. Yildirm TT, Kaya FA, Yokus B et al. Clinical and radiographic 
comparison by analyzed cone beam CT between one stage and 
two stage dental implants. J Int Dent Med Res. 2017; 
10(2):368-373 

38. Turkaslan SS, Değer Y, Akan E, Demirekin ZB, Kan S, Uysal E. 
Dental practitioner performance when incorporating 
attachments in implant-retained overdentures with unsplinted 
abutments. J Int Dent Med Res. 2015; 8(3):110-115 

39. Brauner E, Quarato A, De Angelis F et al. Prosthetic 
rehabilitation involving the use of implants following a fibula free 
flap reconstruction in the treatment of Osteosarcoma of the 
maxilla: A case report. Clin Ter. 2017; 168(6): e392-e396 

40. Papi P, Di Carlo S, Rosella D, De Angelis F, Capogreco M, 
Pompa G. Peri-implantitis and extracellular matrix antibodies: A 
case-control study. Eur J Dent. 2017; 11(3):340-344   

41. Koparal M, Alan H, Gulsun B, Celik F. Sedation during implant 
surgery. J Int Dent Med Res. 2015; 8(3):151-154 

42. Sari ME, Duran I, Ibis S. Dental implant patients with 
ectodermal dysplasia: current approaches. J Int Dent Med Res. 
2015; 8(3):147-150 

43. Pacifici L, De Angelis F, Orefici A, Cielo A. Metals used in 
maxillofacial surgery. Oral Implantol. 2017; 9(Suppl 1/2016 to N 
4/2016):107-111 

44. De Angelis F, Papi P, Mencio F, Rosella D, Di Carlo S, Pompa 
G. Implant survival and success rates in patients with risk 
factors: results from a long-term retrospective study with a 10 to 
18 years follow-up. Eur Rev Med Pharmacol Sci. 2017; 
21(3):433-437 

45. Liang X, Sperling BA, Calizo I et al. Toward clean and crackless 
transfer of graphene. ACS Nano. 2011; 5(11):9144-53. 

46. Fechine GJM, Martin-Fernandez I, Yiapanis G et al. Direct Dry 
Transfer of Chemical Vapor Deposition Graphene to Polymeric 
Substrates. Carbon. 2015; 83: 224-231 

47. Morin J, Dubey N, Decroix FED, Luong-Van EK, Castro Neto 
AH, Rosa V. Graphene Transfer to 3-Dimensional Surfaces: A 
Vacuum-Assisted Dry Transfer Method. 2D Materials. 2017; 
4(2):025060.  

48. Jiajun Q, Jingshu G, Hao G, Wenhao Q, Xuanyong L. Three-
dimensional porous graphene nanosheets synthesized on the 
titanium surface for osteogenic differentiation of rat bone 
mesenchymal stem cells. Carbon. 2017; 125: 227-235  

49. Gu M, Lv L, Du F et al. Effects of thermal treatment on the 
adhesion strength and osteoinductive activity of single-layer 
graphene sheets on titanium substrates. Sci Rep. 2018; 
8(1):8141 

50. Dubey N, Ellepola K, Decroix FED et al. Graphene onto medical 
grade titanium: an atom-thick multimodal coating that promotes 
osteoblast maturation and inhibits biofilm formation from distinct 
species. Nanotoxicology. 2018; 12(4):274-289  

51. Suo L, Jiang N, Wang Y et al. The enhancement of 
osseointegration using a graphene 
oxide/chitosan/hydroxyapatite composite coating on titanium 
fabricated by electrophoretic deposition. J Biomed Mater Res B 
Appl Biomater. 2018; 107(3):635-645 

52. Chen J, Peng H, Wang X, Shao F, Yuan Z, Han H. Graphene 
oxide exhibits broad-spectrum antimicrobial activity against 
bacterial phytopathogens and fungal conidia by intertwining and 
membrane perturbation. Nanoscale. 2014; 6(3):1879-89. 

53. Zou X, Zhang L, Wang Z, Luo Y. Mechanisms of the 
Antimicrobial Activities of Graphene Materials. J Am Chem Soc. 
2016; 138(7):2064-77. 

54. Li J, Wang G, Zhu H et al. Antibacterial activity of large-area 
monolayer graphene film manipulated by charge transfer. Sci 
Rep. 2014; 4:4359. 

55. Rago I, Bregnocchi A, Zanni E et al. Antimicrobial Activity of 
Graphene Nanoplatelets Against Streptococcus Mutans. 
Proceedings of the 15th IEEE International Conference on 
Nanotechnology July 27-30, 2015, Rome, Italy Atto di 
congresso in volume - ISBN 978-1-4673-8157-4  

56. Bregnocchi A, Zanni E, Uccelletti D et al. Graphene-based 
dental adhesive with anti-biofilm activity. J Nanobiotechnology. 
2017; 15(1):89 

57. Lee JH, Jo JK, Kim DA, Patel KD, Kim HW, Lee HH. Nano-
graphene oxide incorporated into PMMA resin to prevent 
microbial adhesion. Dent Mater. 2018; 34(4): e63-e72. 

58. Mencio F, De Angelis F, Papi P, Rosella D, Pompa G, Di Carlo 
S. A randomized clinical trial about presence of pathogenic 
microflora and risk of peri-implantitis: comparison of two 
different types of implant-abutment connections. Eur Rev Med 
Pharmacol Sci. 2017; 21(7): 1443-1451  

59. Dewi RS, Gita F, Soekanto SA. BMP2 concentration in gingival 
crevicular fluid as an osseointegration biomarker in dental 
implant. J Int Dent Med Res. 2017; 10:800-808 

60. Papi P, Di Carlo S, Mencio F, Rosella D, De Angelis F, Pompa 
G. Dental Implants Placed in Patients with Mechanical Risk 
Factors: A Long-term Follow-up Retrospective Study. J Int Soc 
Prev Community Dent. 2017; 7(Suppl 1):S48-S51 

61. Alamgir Md, Nayak GC, Mallick A, Tiwari SK, Mondal S, Gupta 
M. Processing of PMMA nanocomposites containing 
biocompatible GO and TiO2 nanoparticles. Mater Manuf 
Process. 2018; 33(12):1291-1298   

62. Sun L, Yan Z, Duan Y, Zhang J, Liu B. Improvement of the 
mechanical, tribological and antibacterial properties of glass 
ionomer cements by fluorinated graphene. Dent Mater. 2018; 
34(6): e115-e127. 

 

http://www.ektodermaldisplazi.com/dergi.htm
http://www.jidmr.com/


 

Journal of International Dental and Medical Research ISSN 1309-100X                                       Graphene Applications in Dentistry 
http://www.jidmr.com                                                                                                                                         Di Carlo Stefano, and et al 

 

  Volume ∙ 12 ∙ Number ∙ 2 ∙ 2019 

                            
Page 754 

63. Dubey N, Rajan SS, Bello YD, Min KS, Rosa V. Graphene 
Nanosheets to Improve Physico-Mechanical Properties of 
Bioactive Calcium Silicate Cements. Materials (Basel). 2017; 
10(6). pii: E606. 

64. Lee SM, Yoo KH, Yoon SY et al. Enamel Anti-Demineralization 
Effect of Orthodontic Adhesive Containing Bioactive Glass and 
Graphene Oxide: An In-Vitro Study. Materials (Basel). 2018; 
11(9). pii: E1728. 

65. Sava S, Moldovan M, Sarosi C, Mesaros A, Dudea D, Alb C. 
Effects of Graphene Addition on the Mechanical Properties of 
Composites for Dental Restoration. Mater Plast. 2015; 52(1):90-
92   

 

http://www.ektodermaldisplazi.com/dergi.htm
http://www.jidmr.com/

