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Abstract

The use of acrylic resins as a definitive material has shown some advantages comparing to other definitive mate-
rials. However, their poor mechanical properties remain a major drawback. In this case report, graphene oxide (GO)
was incorporated into polymethyl methacrylate (PMMA) resin for a definitive maxillary rehabilitation, combined
with an intraoral digital impression and a three-dimensional facial scan. After 8 months of the placement of the
definitive prosthesis, no mechanical, aesthetic, or biologic complications were reported, and the soft tissues showed
excellent health and stability. The incorporation of GO in PMMA resins seems to be a suitable option for prosthetic
rehabilitation. However, further studies are needed to ensure rigorous scientific support of these techniques and
materials.

Key words: Computer-aided design, computer-aided manufacturing, dental impression technique, dental pros-
thesis; graphene oxide.

Introduction less wear of the antagonist (2), good aesthetic results (3),
Acrylic resins, mainly included polymethyl methacryla- easier repair (4), economic cost and a relatively fast ma-
te (PMMA), have been used for a long time ago as a nufacturing process. However, their main disadvantages
provisional material in prosthodontics. They present are their poor resistance to wear and tear (5), and volume
good properties, such as low modulus of elasticity (1), shrinkage after the polymerization (6). Moreover, their

€670



J Clin Exp Dent. 2019;11(7):e670-4.

lack of strength under fatigue failure (7), and the micro-
bial adhesion onto PMMA (8) are a major drawback for
their long-term use.

Graphene is a single sheet of one-atom thickness arran-
ged in a honeycomb-like lattice (9). Each carbon atom
is covalently bonded to three other carbon atoms with
sp2 hybridization. While the interlayers are re-arranged
through weak Van der Waal forces. These forces are res-
ponsible for the softness of this material (9). Graphene
exists in different forms such as graphene sheets, gra-
phene oxide (GO) and reduced graphene oxide (rGO).
GO’s properties, such as its biocompatibility and biode-
gradability (10), strength (Young’s modulus of Y ~ 1.0
TPa) (11), antimicrobial-adhesion characteristics (12),
flexibility (11), and transparency make it a material with
potential in prosthodontics.

Although there are several studies on the application of
GO in dental/medical fields, mainly for bone tissue engi-
neering and restorative dentistry (bone cements, scaffolds,
biocomposites), to our knowledge there is only one den-
tistry study on GO incorporated into PMMA resins (12).
This clinical report shows the potential of GO in impro-
ving the mechanical properties of PMMA resin to be
used as a definitive material for prostheses. It also des-
cribes the use of 3-dimensional (3D) facial and intraoral
scanners to register the 3D information for a maxillary
fixed tooth-supported rehabilitation.
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Case Report

A 75-year-old woman visited the Dental Clinic of the
Faculty of Dentistry of the Complutense University of
Madrid and requested restorative treatment for her com-
promised functional and aesthetic situation. Her medical
history included a lung cancer ten years earlier.

The diagnostic criteria included clinical examination,
intraoral pictures, radiographic examination and diag-
nostic cast assessment (Fig. 1).

The intraoral examination revealed two 3-unit maxillary
fixed partial dentures (FPDs) supported by the first pre-
molar and the first molar in the first quadrant and by the
canine and the second premolar in the second quadrant.
These FPDs had been placed due to the agenesis of the
upper lateral incisors. The examination also showed ex-
tensive amalgam restorations in the right second molar
and in the left first molar, which were extensively com-
promised due to an advanced process of dental root ca-
ries and furcation involvement.

The clinicians decided to extract the compromised mo-
lars and restore the other teeth with a fixed dental pros-
thesis, to increase the vertical dimension and replace
missing dental pieces. For occlusal reasons and to avoid
distal extensions in the lower prosthesis, no implants
were placed. All preparations were made using a biolo-
gically oriented preparation technique (BOPT) of verti-
cal preparation without finish lines.

Fig. 1: Initial clinical situation. A) Extraoral view of smile. B) Frontal view of maximum intercuspation. C) Occlusal view
of the maxila. D) Panoramic radiograph.
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After basic periodontal treatment (scaling and root plan-
ning), the maxillary right second molar and left first mo-
lar were extracted. Recommendations on oral hygiene
were given. The sutures were removed 7 days after sur-
gery.

One month later, after a healing period, a preliminary
impression with an intraoral scanner (Trios, 3shape)
was made for the design (Dental system, 3shape) and
fabrication of the first provisional prosthesis in PMMA.
The preliminary cast was 3D printed in a resin material
(Formlabs Inc).

Subsequently, the existing metal-ceramic restorations
were removed (Fig. 2A) and double probing was per-
formed to measure the depth of the gingival sulcus and
the location of the bone, so as to determine the limit of
tooth preparation. All teeth were prepared with vertical
preparation technique to eliminate the existing finish
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line, as described Agustin-Panadero et al. (13) (Fig. 2B).
The splinted PMMA-based provisional prosthesis was
cemented (Temp Bond Clear, Kerr) on the prepared tee-
th and the intrasulcular zone of the restoration margin
was relined with composite to support the gingival mar-
gin circumferentially and to create the new emergence
profile. The reinsertion and thickening of gingival tissue
depended on the healing process (13).

The provisional prosthesis was maintained for 3 months,
during which the prosthesis’ emergence profile was mo-
dified to achieve gingival adaptation.

After this period, the definitive impression was taken
using another intraoral scanner (Medit 1500, Medit)
(Fig. 2C). A 3D facial scan was also obtained (AFT Sys-
tem One, AFT Dental System) to align and merge the
facial scan with the digital cast for aesthetic evaluation
(Fig. 2D,E,F).

-

Fig. 2: A) Occlusal view of the maxila after removing metal-ceramic restorations. B) Occlusal view of the maxila after

vertical preparation. C) Digital impression of the prepared teeth after a healing period. D) Virtual image of the facial scan
aligned with the digital intraoral impression of the prepared teeth in maximum intercuspation. E) and F) Virtual image of
the facial scan aligned with the digital intraoral impression of the provisional prosthesis in maximum intercuspation and

in smile position.
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With the information provided by the facial and intraoral
scans a new wax try-in denture was designed, and 3D
printed in a resin material (Formlabs Inc), to evaluate
the aesthetic parameters, tooth positions and vertical di-
mension (Fig. 3A). A new cast was 3D printed in a resin
material (Formlabs Inc) (Fig. 3B).

The definitive fixed dental prosthesis was made based
on the biologic and functional parameters of the provi-
sional restorations. A prosthesis made from PMMA resin
reinforced with graphene oxide was designed (Exocad
software, exocad GmbH) and milled (Fig. 3C). Passive
fit, interproximal contacts and occlusion were checked
in the patient’s mouth.

After all the parameters were confirmed, the prosthesis
was cemented with a dualpolymerizing resin cement
(Variolink Esthetic DC, Ivoclar Vivadent) that was then
light-polymerized (Fig. 3D,E). The patient was given
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oral hygiene instructions and information on how to take
care of the new prosthesis.

Follow-up evaluations were made 1 week and 1, 3 and
8 months after the placement of the definitive prosthe-
sis. No mechanical, aesthetic, or biologic complications
were reported, and the soft tissues showed excellent
health and stability.

Patient informed consent was obtained for the publi—ca-
tion of this article

Discussion

The present clinical report used GO as a novel additive
in PMMA resins to overcome the resin’s mechanical pro-
perties. According to several authors, the incorporation
of carbon nanotubes, such as GO, in acrylic resins may
enhance the resin’s mechanical properties (14) and de-
crease the degree of contraction during polymerization

Fig. 3: A) Wax try-in denture. B) 3D-printed working cast. C) Definitive fixed dental prosthesis made from PMMA rein-

forced with graphene. D) Post-treatment extraoral view of smile. E) Frontal view of the definitive maxillary fixed dental

prosthesis made from PMMA reinforced with graphene.
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(15). Furthermore, Lee et al. (12) reported that PMMA
exhibited better antimicrobial-adhesion effects after in-
corporating GO than those exhibited by pure PMMA via
increased hydrophilicity.

Taking into account the reduced follow-up time of this
clinical report, it seems that the incorporation of GO in
PMMA resins seems to be an interesting strategy to im-
prove their mechanical properties and provide a defini-
tive, reliable material option. However, further studies
are necessary to ensure rigorous scientific support and
to determine the benefits of these new technologies and
materials.

References

1. Ruse ND, Sadoun MJ. Resin-composite blocks for dental CAD/
CAM applications. J Dent Res. 2014;93:1232-4.

2. Stawarczyk B, Ozcan M, Trottmann A, Schmutz F, Roos M, Ham-
merle C. Two-body wear rate of CAD/CAM resin blocks and their
enamel antagonists. J Prosthet Dent. 2013;109:325-32.

3. Stawarczyk B, Sener B, Trottmann A, Roos M, Ozcan M, Hammerle
CH. Discoloration of manually fabricated resins and industrially fabri-
cated CAD/CAM blocks versus glass-ceramic: effect of storage media,
duration, and subsequent polishing. Dent Mater J. 2012;31:377-83.

4. Wiegand A, Stucki L, Hoffmann R, Attin T, Stawarczyk B. Repaira-
bility of CAD/CAM highdensity PMMA- and composite-based poly-
mers. Clin Oral Investig 2015;19:2007-13.

5. Wang W, Liao S, Zhu Y, Liu M, Zhao Q, Fu Y. Recent applications
of nanomaterials in prosthodontics. J Nanomater. 2015;2015:11.

6. Wong DM, Cheng LY, Chow TW, Clark RK. Effect of processing
method on the dimensional accuracy and water sorption of acrylic re-
sin dentures. J Prosthet Dent. 1999;81:300-4.

7. Haselton DR, Diaz-Arnold AM, Vargas MA. Flexural strength of
provisional crown and fixed partial denture resins. J Prosthet Dent.
2002;87:225-8.

8. Matsuo H, Suenaga H, Takahashi M, Suzuki O, Sasaki K, Takahashi
N. Deterioration of polymethyl methacrylate dentures in the oral cavi-
ty. Dent Mater J. 2015;34:234-9.

9. Meyer JC, Geim AK, Katsnelson MI, Novoselov KS, Booth TJ, Roth
S. The structure of suspended graphene sheets. Nature. 2007;446:60-3.
10. Yang K, Feng L, Hong H, Cai W, Liu Z. Preparation and functiona-
lization of graphene nanocomposites for biomedical applications. Nat
Protoc. 2013;8:2392-403.

11. Lee C, Wei X, Kysar JW, Hone J. Measurement of the elastic
properties and intrinsic strength of monolayer graphene. Science.
2008;321:385-8.

12. Lee JH, Jo JK, Kim DA, Patel KD, Kim HW, Lee HH. Nano-gra-
phene oxide incorporated into PMMA resin to prevent microbial adhe-
sion. Dent Mater. 2018;34:¢63-e72.

13. Agustin-Panadero R, Sola-Ruiz MF, Chust C, Ferreiroa A. Fixed
dental prostheses with vertical tooth preparations without finish lines:
A report of two patients. J Prosthet Dent. 2016;115:520-6.

14. Wang R, Tao J, Yu B, Dai L. Characterization of multiwalled car-
bon nanotube-polymethyl methacrylate composite resins as denture
base materials. J Prosthet Dent. 2014;111:318-26.

15. Turagam N, Mudrakola DP. Effect of micro-additions of carbon
nanotubes to polymethylmethacrylate on reduction in polymerization
shrinkage.J Prosthodont. 2013;22:105-11.

Acknowledgments
The authors are grateful to Roberto Cabrerizo, dental technician, and
Jesus Martinez, general manager of Graphenano dental, for their su-
pport in this work.

Conflict of interest
The authors have declared that no conflict of interest exists.

e674

The use of graphene oxide in prosthodontics



