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This dental technique report describes a digital workflow with digital data acquisition at the implant level, computer-aided
design and computer-aided manufacturing fabricated, tissue-colored, anodized titanium framework, individually luted
zirconium oxide restorations, and autopolymerizing injection-molded acrylic resin to fabricate an implant-supported, metal-
ceramic-resin fixed complete dental prosthesis in an edentulous mandible. The 1-step computer-aided design and computer-
aided manufacturing fabrication of titanium framework and zirconium oxide restorations can provide a cost-effective
alternative to the conventional metal-resin fixed complete dental prosthesis. (J Prosthet Dent 2014;112:1324-1329)
The implant-supported, screw-
retained, metal-resin, fixed complete
dental prosthesis that consisted of a
metal framework, resin denture teeth,
and acrylic resin veneering material has
a long history of use in implant pros-
thodontics.1-3 Although it is a well-
documented treatment option with a
high survival rate of the prosthesis,4

many prosthesis-related complications
are known. Results of a meta-analysis5

suggested that the most common
prosthesis-related complication was
acrylic resin veneer fracture (cumulative
15-year complication rates, 66.6%) and
denture teeth wear (cumulative 15-year
complication rates, 43.5%). Acrylic
resin veneer fracture may be attributed
to design issues and/or technical er-
rors,6 whereas the high frequency of
tooth wear has been attributed to the
inherent limitations of resin denture
teeth.5-7 The use of porcelain denture
teeth or altering the resin denture teeth
surface with amalgam or gold alloy was
proposed to slow the process of wear.7

A new design of implant-supported,
screw-retained fixed complete dental
prosthesis has been described.8
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The design used individual computer-
aided design and computer-aided
manufacturing (CAD/CAM) fabricated
ceramic restorations (with aluminum
oxide or zirconium oxide copings)
luted onto a CAD/CAM-fabricated ti-
tanium framework with pink acrylic
resin or ceramic veneering material to
mimic missing soft tissue.8 The overall
cumulative survival rate for this design
was 96% with up to 10 years of ob-
servations. The titanium framework
was fabricated with a double-scan
technique with an acrylic resin
pattern template. Additional (second)
scanning of the completed titanium
framework also was needed to fabri-
cate the copings for individual defini-
tive ceramic restorations. Other clinical
reports are available of a similar
design concept with various framework
and ceramic materials.9,10 Although it
is more costly to use individually luted
ceramic restorations than resin denture
teeth,10 this design provides optimal
esthetics and reparability in the event
of restoration fractures or wear. If
repair is needed, then the restorations
can be removed individually without
th and Rehabilitation.
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abilitation.
lth and Rehabilitation.
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removing the entire prosthesis; the
existing restoration designs are pre-
served in the CAD/CAM software.8,9

Clinical reports11,12 found that
scannable impression copings (Scan
body; Straumann) and an intraoral
digital scanner (Cadent iTero; Cadent
Ltd) can be used to acquire digital data
at the implant level of patients who are
partially or completely edentulous.
However, a clinical study13 reported
that this digital pathway was not ac-
curate enough to fabricate a well-fitting
framework with 2 dental implants in
the edentulous mandible. A verification
device and cast were proposed to be
used in conjunction with this digital
pathway to ensure the passive fit of the
definitive prosthesis.12

This article describes a cost-effective
workflow with digital data acquisition
at the implant level. The proposed
technique includes a CAD/CAM-
fabricated titanium framework, indi-
vidually luted zirconium oxide
restorations, and autopolymerizing
injection-molded acrylic resin. The
definitive prosthesis presented here
is an implant-supported, metal-
ealth and Rehabilitation.
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1 Definitive implant-level digital data acquisition. 2 Milled polyurethane definitive cast with removable
implant analogs and stone base.

3 Trial insertion of diagnostic teeth arrangement; molars
were then changed to premolar-sized teeth in dental labora-
tory to minimize length of distal cantilever and to satisfy
patient’s esthetic demand of smaller teeth.
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ceramic-resin fixed complete dental
prosthesis in an edentulous mandible.

TECHNIQUE

First clinical appointment

1. Evaluate existing implants and
complete a definitive implant-level
impression with scannable impression
copings (Scan body RN; Straumann)
and an intraoral digital scanner (iTero;
Align Technology Inc) (Fig. 1). Transfer
the scanned digital data to a dental
laboratory (Roy Dental Laboratory)
and the manufacturer (Align Technol-
ogy Inc) for the fabrication of a milled
polyurethane definitive cast.

First laboratory procedure

1. Insert removable implant analogs
(RN Reposition analog; Straumann)
into the milled polyurethane definitive
cast and fabricate a removable stone
base (Fig. 2).12

2. Fabricate a segmental verification
device and an implant-retained trial base
with 2 interim abutments (RN synOcta
temporary post, Bridge; Straumann).
Second clinical appointment

1. Evaluate and assemble the seg-
ments of the verification device with
autopolymerizing acrylic resin (Pattern
Resin LS; GC America) and fabricate a
verification stone cast.12
Lin et al
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2. Obtain a facebow transfer and
interocclusal record with adjusted
implant-retained trial base and regis-
tration material (Regisil rigid; Dentsply
Prosthetics). Complete the prosthetic
tooth selection (BlueLine DCL; Ivoclar
Vivadent) and articulation (Hanau
Modular Articulator; Whip Mix Corp).
Second laboratory procedure

1. Complete the trial tooth arrange-
ment on the implant-retained trial base.
Third clinical appointment

1. Evaluate the trial tooth arrange-
ment intraorally for esthetics, function,
and occlusion (Fig. 3). Adjust the tooth
ded from ClinicalKey.com at University of Louisville July 25,
o other uses without permission. Copyright ©2016. Elsevier In
arrangement to achieve satisfactory
clinical outcome as necessary.

Third laboratory procedure

1. Send the trial tooth arrangement,
milled polyurethane definitive cast, and
verification stone cast to a CAD/CAM
facility (Cagenix; Cagenix Inc).

2. Discuss the design of the definitive
CAD/CAM fabricated, the tissue-
colored anodized titanium framework
(AccuFrame IC; Cagenix), and the
ceramic restorations (ZenoStar; Wie-
land Dental Zenotec) with the facility
technician. Create a virtual design with
a minimum material thickness of 2 mm
for the definitive ceramic restorations, a
minimum height for the simulated in-
dividual abutment structures on the
 2016.
c. All rights reserved.



1326 Volume 112 Issue 6
titanium framework of 4 mm, and a
minimum height for all the remaining
areas on the titanium framework of 3 to
4 mm (Fig. 4A).

3. Use a continuous inverted T-
shape design on the titanium frame-
work (AccuFrame IC) to ensure the
strength of the framework if the
dimension specification cannot be met
because of limited restorative space
(Fig. 4B). Splint the definitive ceramic
restorations (ZenoStar) at the area with
the continuous inverted T-shape design
to maximize retention (Fig. 4C). Design
the remaining ceramic restorations as
single units.

4. Identify the restorations that cover
the screw access of the titanium
framework (AccuFrame IC) and locate
the access openings on the selected
restorations without compromising the
esthetics (Fig. 4D).
4 A, Design of definitive titanium framew
framework. C, Splinted design of 5-unit d
compromised esthetic outcome of mandi
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Fourth clinical appointment

1. Verify the fit of the CAD/CAM-
fabricated titanium framework (Accu-
Frame IC) intraorally (Fig. 5A) and with a
radiograph. Evaluate the function and
esthetics of the ceramic restorations
(ZenoStar) (Fig. 5B). Make necessary
adjustments with a diamond rotary in-
strument (Fine Diamonds; Brasseler
USA).

Fourth laboratory procedure

1. Complete the contouring and
characterization of the ceramic re-
storations (ZenoStar) with veneering
porcelain (IPS e.max Ceram; Ivoclar
Vivadent) and low-fusing nano-
fluorapatite glass ceramic (IPS e.max
Ceram Shades and Essences; Ivoclar
Vivadent).
ork and ceramic restorations. B, Continuo
efinitive ceramic restorations. D, Trajectory
bular right first premolar, and access open

try

ded from ClinicalKey.com at University of Louisville July 25,
o other uses without permission. Copyright ©2016. Elsevier In
2. Secure the titanium framework
(AccuFrame IC) on the milled poly-
urethane definitive cast and replace the
ceramic restorations. Complete the
waxing procedure for the definitive
prosthesis (Fig. 6A).

3. Secure the implant analogs (RN
analog; Straumann) to the titanium
framework (AccuFrame IC) and
restoration assembly and invest the
assembly in the processing flask
(Ivobase; Ivoclar Vivadent) with Type
III dental stone (Buff Stone; Whip
Mix Corp). Place sprue wax (Round
Wax Wire Spools, 8 gauge; Kerr
Corp) to create the injection channel
(Fig. 6B).

4. Follow the manufacturer’s in-
structions (Ivobase) to complete the
flasking procedure with Type III dental
stone (Buff Stone) and polyvinyl
siloxane material (President Plus Reg
us inverted-T-shape design on titanium
of screw access on titanium framework
ing was not placed on this restoration.
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5 A, Trial insertion of tissue-colored anodized titanium framework. B, Trial insertion of definitive titanium framework and
ceramic restorations assembly.

6 A, Complete waxing for definitive prosthesis. B, Invested titanium framework and ceramic restorations assembly in
processing flask. C, Cleaned titanium framework. D, Separating medium on intaglio surfaces of ceramic restorations and
polyvinyl siloxane material.
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Body; Coltène/Whaledent). Remove all
the wax with clean boiling water.

5. Clean and dry the titanium
framework (AccuFrame IC) to prevent
contamination (Fig. 6C). Apply a
separating medium (Rubber Sep;
George Taub Products) on the in-
taglio surfaces of the ceramic
Lin et al
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restorations and polyvinyl siloxane
material (Fig. 6D). Follow the man-
ufacturer’s instructions for mixing the
autopolymerizing injection-molded
acrylic resin (Ivobase High Impact;
Ivoclar Vivadent) and complete the
injection and polymerization of the
acrylic resin.
ded from ClinicalKey.com at University of Louisville July 25,
o other uses without permission. Copyright ©2016. Elsevier In
6. Adjust the polymerized acrylic
resin with a laboratory carbide rotary
instrument (Carbide Cutter; Brasseler
USA) to ensure the complete seating of
the ceramic restorations into the acrylic
resin soft tissue moulage (Fig. 7A).

7. Seal the screw access holes of the
titanium framework (AccuFrame IC)
 2016.
c. All rights reserved.



7 A, Processed and finished acrylic resin soft tissue moulage on titanium framework. B, Luted ceramic restorations;
mandibular right first premolar without access opening was not luted before insertion appointment.

8 A, Definitive prosthesis. B, Panoramic radiograph of definitive prosthesis.
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with cotton pellets. Identify the ceramic
restoration that covered the screw ac-
cess of the titanium framework without
an access opening and keep it separate.
Lute all remaining restorations to the
framework with dual-polymerizing resin
cement (Multilink Implant; Ivoclar
Vivadent). Remove the excess cement
(Fig. 7B).

Fifth clinical appointment

1. Evaluate the fit, function, and
esthetics of the metal-ceramic-resin
fixed complete dental prosthesis and
make necessary adjustments with dia-
mond rotary instruments (Fine Di-
amonds) on the ceramic restorations
and with a laboratory carbide rotary
instrument (Carbide Cutter) on the
acrylic resin.

2. Secure the prosthesis to the im-
plants with a 35-Ncm preload. Seal all
The Journal of Prosthetic Dentis
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the screw-access locations in the
definitive prosthesis with cotton pellets
and single-component resin sealing
material (Fermit; Ivoclar Vivadent). Lute
the remaining crown with interim
cement (TempBond Clear; Kerr Corp)
(Fig. 8A, B). Instruct the patient about
a home care regimen and schedule pe-
riodic maintenance appointments.

DISCUSSION

This article presents a cost-effective
workflow for fabricating an implant-
supported, metal-ceramic-resin fixed
complete dental prosthesis. The capa-
bility and flexibility of CAD/CAM
software (Cagenix) allow the trial
tooth arrangement to be converted
to the various titanium framework
and ceramic restorations design in a
single step. The single-step conversion
process decreases the treatment time
try
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and cost when compared with the
double-scan technique used in other
reports.9,10 The software also allowed
the access openings to be analyzed
and placed on the selected resto-
rations for an implant-supported,
screw-retained fixed complete dental
prosthesis. If the trajectory of screw
access prevents access openings to
be placed on the restorations, then
they can be luted with interim
cement, which enables retrievability.
The preserved data from the digital
impression and design of the CAD/
CAM-fabricated titanium framework
and restorations in the CAD/CAM
software can be used if repair or
refabrication of the definitive cast and/
or prosthesis is needed. The possible
disadvantages of this proposed work-
flow are the risk of lost retention be-
tween the titanium framework and
the ceramic restorations, acrylic resin
Lin et al
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veneer fracture, and a higher fabrica-
tion cost than the conventional tech-
nique with acrylic resin denture teeth. In
addition, the monolithic ceramic res-
torations that directly resulted from
the CAD/CAM fabrication process
may not achieve the optimal esthetic
results. However, the veneering porce-
lain and low-fusing nanofluorapatite
glass ceramic can be used to charac-
terize the ceramic restorations to
maximize esthetic outcomes, with
additional laboratory cost and time.

SUMMARY

The clinical and laboratory stages
for fabricating an implant-supported
fixed complete dental prosthesis
are presented. The prosthesis consists
of the CAD/CAM-fabricated titanium
framework, individually luted zirconium
oxide restorations, and autopolymeriz-
ing injection-molded acrylic resin.
Newly developed software allows a
more efficient, cost-saving, single-step
conversion process for fabricating
CAD/CAM-fabricated titanium frame-
works and zirconium oxide restorations.
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