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3D Metal Printing - Additive
Manufacturing Technologies
for Frameworks of Implant-
Borne Fixed Dental Prosthesis

ABSTRACT

An edentulous patient was rehabilitated with maxillary metal-ceramic and mandibular
metal-resin implant-supported fixed dental prosthesis (FDP). Metal frameworks of the
FDPs were fabricated using 3D additive manufacturing technologies utilizing selective
laser melting (SLM) and electron beam melting (EBM) processes. Both SLM and EBM
technologies were employed in combination with computer numerical control (CNC)
post-machining at the implant interface. This report highlights the technical and clinical
protocol for fabrication of FOPs using SLM and EBM additive technologies.
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INTRODUCTION

The introduction of additive manufacturing (AM) technologies opened new
possibilities in prosthetic dentistry for comprehensive rehabilitation of the pa-
tients."? The American Society for Testing and Materials (ASTM) has defined
AM as “a process of joining materials to make objects from 3D model data,
usually layer upon layer, as opposed to subtractive manufacturing method-
ologies”.® The ASTM international committee F42 on AM technologies has
classified seven categories.* Among all AM technologies, the powder bed fu-
sion (PBF) technology is more commonly employed for 3D metal printing in
dentistry. Typically, PBF technologies are based on selective laser sintering
(SLS), selective laser melting (SLM) and electron beam melting (EBM)."2 The
main difference between the three PBF technologies is the route to reach the
melting point of the metal.>” The SLS technology sinter the metal powder in-
stead of fully melting the metal powder such as in the case of SLM and EBM
technologies.® The accuracy of AM technologies is dictated by grain size of
the metal powder, layer thickness, building orientation, vacuum, presence of
purified Ar/N, in the building chamber, beam scan-speed, beam size, energy
density and scan spacing. Furthermore, other related parameters employed
for scanning strategies such as orthogonal scans (x-y), repeated melting of
each layer and heat treatment after building the structure significantly affect
the final outcome.>"

Current knowledge dictates that mechanical properties of metals fabricated
using AM procedures are similar to those that are milled and exceeds those
that are manufactured through conventional casting routes.>'*'21¢ In order to
achieve precise implant-framework interface and attain improved metal-ce-
ramic bond strength, PBF technologies are combined with the computer nu-
merical control (CNC) post-machining of the implant interface. In this regard,
the SLM system was reported to exhibit metal-ceramic bond results exceeding
the requirements of ISO 9691:1999(E) that is also comparable to conventional
cast methods.'s"
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In this clinical case report, technical and clinical protocols
were described for fabrication of FDPs using SLM and EBM
additive technologies used for the rehabilitation of an eden-
tulous patient with implant-supported fixed dental prosthesis
(FDP).

CLINICAL REPORT

A 68 year-old edentulous male patient with seven implants
(Tissue Level RN Straumann Implant, Straumann, Basel, Swit-
zerland) in the maxilla and six implants (4 Tissue Level RN and
2 NNC Straumann Implants, Straumann) in the mandible was
referred to our clinic with the request of prosthetic rehabilita-
tion (Figures 1a-c). The implants were placed more than nine
months ago by a periodontologist in a private practice. The
patient had an interim maxillary and mandibular complete
denture (CD) and had two provisional implants with 2 mm
diameter, 10 mm length (TempImplant, Straumann) in order
to increase the retention of the interim mandibular CD. The
patient expressed oral discomfort due to the mobility of the
mandibular CD and was also not pleased with the appearance
of the interim CDs.

PointNix

Figure 1 (a-c): Intraoral occlusal view of a) maxilla with seven
implants, b) mandible with six implants and two provision-
al implants to increase the retention of interim mandibular
complete denture, c) initial radiograph.

An extraoral and dento-facial analysis was performed in
order to evaluate the lip support in close, rest positions and
during smiling with and without the immediate CDs. Maxillary
immediate CD was then duplicated without the buccal flange.
Extraoral analysis indicated the need for some modification of
the teeth position in the interim CDs.

After complete intraoral and radiographical analysis, in or-
der to obtain master casts, impression copings were splinted
in the maxilla and mandible and with an open custom-tray im-
pressions were made (Impregum, 3M ESPE, St. Paul, USA).202!
The impressions were then poured with Type IV plaster (Fuji
Rock White, GC, Tokyo, Japan). Screw retained base plates
(KFO acrylic resin, Bredent, Senden, Germany) with wax rims
were prepared for the maxillary and mandibular arches. Dur-
ing this appointment, dento-facial and smile analysis along
with phonetics were verified. Firstly, the try-in wax rim was
used to determine the maxillary occlusal plane. Based on the
patient’s confirmation regarding the visibility of his teeth dur-
ing rest position with a display of 1.5 mm, wax rim was ad-
justed. The level of maxillary occlusal plane was adjusted to
the inter-pupillary line and the integration to the patient's face
was confirmed. Once the lip support without a flange on the
maxillary screw retained wax rim was acceptable, the incisal
maxillary midline and lip line were marked. Then, the mandib-
ular screw retained wax rim was adjusted until an interarch
space of about 2 mm was reached at rest. Subsequently, the
phonetics was evaluated letting patient pronounce the letters
“f", "v" and “s"” comfortably and clearly.

Maxillomandibular relationship was registered (Occlufast,
Zhermack, Badia Polesine, Italy) while asking the patient to
position the tip of his tongue on the back of his palate. Finally,
a face bow was used to mount the casts on the semi-adjust-
able articulator (Panadent articulator, Panadent, Colton, CA,
USA).

Screw retained teeth (Physiodens, VITA Zahn Fabrik, Bad
Sackingen, Germany) without buccal flange set-up was tried-
in. At this stage, the tooth display at rest was increased from
0 to 1.5 mm; the lip support was confirmed to be adequate
supporting the upper lip. The phonetics was re-evaluated
while analyzing the new teeth display, demonstrating no is-
sues with the “f”, “v” and “s” sounds. After group function was
established and the teeth set-up was verified, screw-retained

secerescasaseaseeeeeeeseeseeseeoe 3))Printing Patterns for Pressed Ceramic Onlay...

ejprd.org - Published by Dennis Barber Journals.

Copyright ©2017 by Dennis Barber Ltd. All rights reserved.



(Metal temporary metallic abutments, Straumann) acrylic res-
in provisional restorations (Palapress Vario, Heraeus-Kulzer,
Hanau, Germany) with cast metal frameworks (Viron 99, Bego,
Bremen, Germany) were delivered (Figures 2a-b). Thereafter,
the temporary implants were removed prior to the delivery of
the provisional restorations at the same appointment. Next,
the patient was provided with the hygiene instructions using
superfloss and interproximal toothbrushes.

Figure 2 (a-b): Occlusal view of a) maxillary and b) mandibu-
lar screw-retained provisional restorations in the mouth.

Six months after delivery of the provisional restorations,
function, phonetics and aesthetics of the screw-retained pro-
visional restorations were re-evaluated that were observed
intact with increased ability of cleansing. Provisional restora-
tions were duplicated with non-reflective acrylic resin (Pal-
apress Vario, Heraeus-Kulzer) and master casts were scanned
(Renishaw DS10, Renishaw and Renishaw DS20, Medit,
Gloucestershire, United Kingdom). The digital designs for the
frameworks in the maxilla and mandible were made using the
corresponding dental software (Exocad Dental CAD, Exocad
GmbH, Darmstadt, Germany). Due to the slightly lack of paral-
lelism between the implants, all frameworks were designed
on the trans-occlusal abutments (RN SynOcta 1.5 screw-re-
tained abutment, Straumann).

EJIPRD
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The STL files were used to fabricate the metal frameworks
through AM technologies where the maxillary framework of
the FDP was made of Cr-Co (SP2 Cr-Co Metal powder, Concept
Laser, Lichtenfels, Germany) using SLM technology (Mlab SLM
Printer, Concept Laser GmbH, Lichtenfels, Deutschland) and
for the mandibular Ti framework (Ti6Al4V Metal Powder, Ar-
cam AB, Mdlndal, Sweden) was fabricated using EBM technol-
ogy (Arcam Q2, Arcam AB).

During the try-in session, the fit of the frameworks on the
implants were inspected through tactile sensation with the ex-
plorer, pericapical x-rays and one-screw test (Figures 3a-d).?
The maxillary framework was veneered with ceramic (Initial
MC, GC, Leuven, Belgium) whole the mandibular with denture
teeth (Physiodens, VITA Zahn Fabrik) and pink acrylic resin
(Lucitone 199 Denture base resin, Denstply-Sirona, York, PA,
USA). The occlusal adjustments were made where necessary
and a group function was established.

a
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Figure 3 (a-d): SLM Cr-Co framework for the maxilla and b)

occlusal view of framework during try-in, c) Ti mandibular Figure 4 (a-c): Frontal view of the patient a) during smiling
framework fabricated using EBM technology, d) Ti mandibular at baseline, b) after the delivery of maxillary and mandibular
framework in the mandible. prostheses, ¢) during smiling.

The FDPs were delivered to the patient along with a night
guard (Figures 4a-c). Radiographic evaluation upon prosthesis
delivery was repeated after 6 months (Figure 5). The patient
was finally introduced to the annual maintenance protocol.

PointMix

Figure 5: Final radiographic evaluation of the implant-
borne FDP following delivery.

CONCLUSIONS

The additive manufacturing technologies used for metal
frameworks are viable options to conventional casting meth-
ods for implant-borne FDPs that would eliminate arduous
work of dental technicians.

secerescasaseaseeeeeeeseeseeseeoe 3))Printing Patterns for Pressed Ceramic Onlay...

ejprd.org - Published by Dennis Barber Journals. Copyright ©2017 by Dennis Barber Ltd. All rights reserved.



European Journal of Prosthodontics and Restorative Dentistry (2017) 25

11. Alharbi N, Osman R, Wismeijer D. Effects of build direction on the me-

ACKNUWLEDGEMENT chanical properties of 3D-printed complete coverage interim dental

restorations. J Prosthet Dent 2016;115:760-767.
The authors ac.knc?wledge Dentware Ltd, Kristianstad, Swe- 12. Parthasarathy J, Starly B, Raman S, Christensen A. Mechanical evalua-
den, for the fabrication of frameworks and the team members tion of porous titanium (Ti6AI4V) structures with electron beam melt-
of Cimpla Dental Clinic, Madrid, Spain, for their assistance ing (EBM). ] Mech Behav Biomed Mater 2010;3:249-259.

during the clinical work-flow. 13. Etrovi, Haro }V, Blasco JR, Portolés L. Additive layered manufactur-

ing: industrial applications through case studies. Int J Product Res

DISCLOSURE 2011,49:1061-1079.

The authors declare that they have no conflict of interest. 14. Takaichi A, Suyalatu, Nakamoto T, Joko N, Nomura N, Tsutsumi Y, Migita
S, Doi H, Kurosu S, Chiba A, Wakabayashi N, Igarashi Y, Hanawa T. Mi-
crostructures and mechanical properties of Co-29Cr-6Mo alloy fabri-

REFEREN CES cated by selective laser melting process for dental applications. ] Mech

Behav Biomed Mater 2013;21:67-76.

15. Koutsoukis T, Zinelis S, Eliades G, Al-Wazzan K, Rifaiy MA, Al Jabbari
YS. Selective laser melting technique of co-cr dental alloys: a review of
structure and properties and comparative analysis with other available
techniques. J Prosthodont 2015;24:303-312.

16. Mantrala KM, Das M, Balla VK, Rao S, Rao K. Additive manufacturing of
Cr-Co-Mo alloy: influence of heat treatment on microstructure, tribo-
logical, and electrochemical properties. Frontiers on Mechanical Engi-
neering 2015;1:3.

17. Akova T, Ucar Y, Tukay A, Balkaya MC, Brantley WA. Comparison of the
bond strength of laser-sintered and cast base metal dental alloys to
porcelain. Dent Mater 2008;24:1400-1404.

18. Xiang N, Xin XZ, Chen J, Wei B. Metal-ceramic bond strength of Co-Cr
alloy fabricated by selective laser melting. /] Dent 2012;40:453-457.

1. Sun}J, Zhang FQ. The application of rapid prototyping in prosthodon-
tics. J Prosthodont 2012;21:641-644.

2. Torabi K, Farjood E, Hamedani S. Rapid prototyping technologies and
their applications in prosthodontics, a review of literature. J Dent Shi-
raz Univ Med Sci 2015;16:1-9.

3. Alcisto], Enriquez A, Garcia H, Hinkson S, Steelman T, Silverman E, Val-
dovino P, Gigerenzer H, Foyos ], Ogren J, Dorey J, Karg K, McDonald T,
Es-Said OS. Tensile properties and microstructures of laser-formed Ti-
6Al-4V. | Mater Engineer Performance 2011;20:203-212.

4. ASTM, Committee F42 on Additive Manufacturing Technologies, West
Conshohocken, Pa., 2009.

5. Horn TJ, Harrysson OL. Overview of current additive manufacturing
technologies and selected applications. Sci Prog 2012;953:255-282.

6. PetrovicV, Haro JV, Blasco JR, Portolés L. Additive Manufacturing Solu-
tions for Improved Medical Implants. Metal-Processing Research Insti-
tute AIMME, Valencia, Spain. www.intechopen.com

19. Hama Suleiman S, Vult von Steyern P. Fracture strength of porcelain
fused to metal crowns made of cast, milled or laser-sintered cobalt-
chromium. Acta Odontol Scand 2013;7:1280-1289.

20. Lee H, So JS, Hochstedler JL, Ercoli C. The accuracy of implant impres-
sions: A systematic review. J Prosthet Dent 2008;100:285-291.

7. Frazier WE. Metal additive manufacturing: A review. | Mater Engineer
Performance 2014;23:1917-19 28.

8. GebhardtA, Schmidt FM, Hotter JS, Sokalla W, Sokalla P. Additive manu-
facturing by selective laser melting the realizer desktop machine and

its application for the dental industry. Physics Procedia 2010;5:543-
549 22. Kan JYK, Rungcharassaeng K, Bohsali K, Goodacre (], Lang BR. Clini-

cal methods for evaluating implant framework fit. / Prosthet Dent
1999;81:7-13.

21. Ma J, Rubenstein JE. Complete arch implant impression technique. J
Prosthet Dent 2012;107:405-410.

9. Herderick E. Additive Manufacturing of Metals: A Review. Proceedings
of MS&T 2011, Materials Science & Technology 2011 Conference and
Exhibition (MS&T Partner Societies). Additive Manufacturing of Metals,
Columbus, OH.

10. Murr LE, Gaytan SM, Ramirez DA, Martinez E, Hernandez J, Amato KN,
Shindo PW, Medina FR, Wicker RB. Metal fabrication by additive manu-
facturing using laser and electron beam melting technologies. | Mater
Sci Technol 2012;28:1-14.

ejprd.org - Published by Dennis Barber Journals. Copyright ©2017 by Dennis Barber Ltd. All rights reserved.



