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Computer-guided implant sur-
gery has been defined as using
a static surgical template to
limit the intraoperative modifi-
cation of implant placement
and guide the placement to
the preplanned location on the
basis of the prosthetically
driven surgical plan formulated

and Wei-Shao Lin, DDS®

ABSTRACT

This report describes a digital approach for computer-guided surgery and immediate provisional-
ization in a partially edentulous patient. With diagnostic data obtained from cone-beam computed
tomography and intraoral digital diagnostic scans, a digital pathway of virtual diagnostic waxing, a
virtual prosthetically driven surgical plan, a computer-aided design and computer-aided
manufacturing (CAD/CAM) surgical template, and implant-supported screw-retained interim res-
torations were realized with various open-architecture CAD/CAM systems. The optional CAD/CAM
diagnostic casts with planned implant placement were also additively manufactured to facilitate
preoperative inspection of the surgical template and customization of the CAD/CAM-fabricated

in the virtual implant planning
software.!  Computer-guided
surgery offers patients the benefits of successful implant
placement without flap elevation (flapless surgery) and
less postoperative pain and discomfort than with con-
ventional implant surgery.” Although the accuracy of
computer-guided surgery has been a concern, with re-
ported mean errors of 0.9 mm at the entry point, 1.3 mm
at the implant apex, and a mean angular deviation of
3.5 degrees, the reported implant survival rate of 97%
compares with that of conventional implant surgery.’”
With the advent of technology, different clinical reports
have also shown the potential clinical efficiency of
intraoral digital diagnostic scans for virtually planning
computer-guided surgery.®®

Duret et al® are considered the pioneers of dental
computer-aided design and computer-aided manu-
facturing (CAD/CAM), with their development of digital
design and fabrication in the early 1970s. Since then,
CAD/CAM technology has continued to evolve.'® CAD/
CAM systems consist of 3 basic elements: data

interim restorations. (J Prosthet Dent 2016;116:8-14)

acquisition with mechanical or optical data capturing/
scanning, CAD of the restoration, and CAM of the
designed restoration. In the current dental market, many
different materials are available for in-office (chairside)
and laboratory-based CAD/CAM restorations, including
ceramics, polymers, and metal alloys.'"'> CAD/CAM
systems have also begun to transition from closed to open
architecture. Such a change may allow more flexibility in
the sources of data acquisitions, a wider selection of digital
design software, and more flexibility in terms of digital
manufacturing processes and associated restorative ma-
terials.'> With their increased stability, biocompatibility,
and resistance to wear, CAD/CAM high-density polymers
have been used to fabricate long-term interim restorations
for complex rehabilitations.'"'* Furthermore, evidence
suggests that the short-term survival rates of CAD/CAM,
definitive implant-supported crowns, abutments, and
frameworks compare with those that are conventionally
fabricated."”
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Figure 1. A, Pretreatment condition, buccal view. B, Digital diagnostic scans at maximum incuspation.

Digital intraoral scanners can provide direct
intraoral data acquisition and eliminate conventional
impressions and stone casts.'® In combination with
CAD/CAM restorations, intraoral scanning has been
proposed for various clinical indications, including
both fixed and removable dental prostheses on natural
dentition and dental implants.®'**”'®¥ The major limi-
tation of an intraoral scanner is that it does not capture
the appropriate soft tissue extension for the conven-
tional tissue-supported removable dental prostheses
as well as border molding with conventional impres-
sion material.'”  With computer-guided surgery,
intraoral scanning allows the clinician to obtain the
Standard Tessellation Language (STL) files containing
accurate, scatter-free surface representations of both
teeth and soft tissue. The STL files can then be im-
ported into the virtual implant planning software and
registered with Digital Imaging and Communications
in Medicine (DICOM) files generated from cone-beam
computed tomographic (CBCT) imaging; this allows
clinicians or dental technicians to plan computer-
guided surgery.”**!

This report describes a digital pathway for immediate
provisionalization with a prosthetically driven plan,
computer-guided surgery, and CAD/CAM implant-
supported interim restorations.

CLINICAL REPORT

An 80-year-old woman was referred to the Department
of Oral Health and Rehabilitation, School of Dentistry,
University of Louisville, for the replacement of a
missing right maxillary canine and first premolar
(Fig. 1A). These teeth had previously been removed
and a simultaneous hard tissue augmentation per-
formed in a different clinic. The patient’s medical
and dental history revealed no significant contraindi-
cations for dental treatment. The patient wished to
have her missing dentition restored with fixed dental
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Figure 2. Virtual diagnostic waxing for maxillary canine and first
premolar.

prostheses, and the treatment option with 2 dental
implants and implant-supported crowns was presented
and accepted.

An intraoral digital scanner (Cadent iTero; Align
Technology Inc) was used to obtain diagnostic maxillary
and mandibular intraoral scans and the interocclusal
registration (Fig. 1B). CBCT images (3D Accuitomo170;
J. Morita USA) were also obtained for preoperative
assessment with a prefabricated universal radiographic
template with fiducial markers (Keybite; ProPrecision
Guides) for the maxillary dental arch. The approved
intraoral scan data were sent to the manufacturer
(Cadent iTero; Align Technology Inc) for the pro-
prietary modeling process and for the generation of
STL files of virtual diagnostic casts. These files were
then imported into laboratory-based CAD/CAM soft-
ware (Straumann CARES; Straumann USA) to
complete the virtual diagnostic waxing (Fig. 2) in a local
dental laboratory (Roy Dental Laboratory). New
STL files of complete diagnostic waxing were then
generated and exported from the CAD/CAM software
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Figure 3. A, Virtual prosthetically driven surgical plan. B, Design of the CAD/CAM surgical template.

(Straumann CARES; Straumann USA) and returned to
the clinicians.

All the STL files (virtual diagnostic casts and waxing)
and the DICOM files generated from the CBCT imaging
were imported and merged in virtual implant planning
software (coDiagnostiX; Dental Wings GmbH) in the
dental office. A virtual prosthetically driven surgical
plan (Fig. 3A) was completed on the basis of the
diagnostic information obtained from the intraoral
scan, waxing, and CBCT imaging. On the basis of the
virtual surgical plan, a CAD/CAM surgical template
(Fig. 3B) for subsequent computer-guided implant
surgery was also designed in the same virtual implant
planning software (coDiagnostiX; Dental Wings
GmbH). The clinicians (W.S.L., S.P.A.) transmitted the
approved virtual prosthetically driven surgical plan
(containing the information of the planned implant
locations and timing, virtual diagnostic casts, and CAD
of the surgical template) electronically to 2 dental lab-
oratories equipped with the CAD/CAM software and
equipment.

The first dental laboratory (ProPrecision Guides)
used the approved surgical plan to additively manu-
facture a CAD/CAM surgical template and diagnostic
casts. The complete surgical template and diagnostic
casts were sent to the second dental laboratory (Roy
Dental Laboratory), which used the approved surgical
plan to design the implant-supported, CAD/CAM
screw-retained interim restorations in laboratory-based
CAD/CAM software (Straumann CARES; Straumann
USA) (Fig. 4). The design was then sent to the pro-
duction facility (Straumann USA) for fabrication with
polymethyl methacrylate-based, acrylic resin block
(Polycon AE; Straumann USA) and titanium abutments
(Variobase; Straumann USA). Upon receipt of the
additively manufactured diagnostic casts from the first
dental laboratory and the CAD/CAM screw-retained
interim restorations from the production center in the
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Figure 4. Design of implant-supported, CAD/CAM, screw-retained
interim restorations.

second dental laboratory (Roy Dental Laboratory),
technicians inserted the implant analogs (RC analog;
Straumann USA) into the cast (Fig. 5A) and individu-
alized the facial aspect of CAD/CAM interim restora-
tions with light-polymerizing composite resin (Radica;
Dentsply Ceramco) to improve the esthetic results
(Fig. 5B). All the completed laboratory products (CAD/
CAM surgical template and diagnostic casts and indi-
vidualized CAD/CAM interim restorations) were then
returned to the clinicians.

To prepare for the patient’s surgical appointment,
the CAD/CAM surgical template was inspected on
the additively manufactured diagnostic cast to ensure
the complete seating of the template (Fig. 5C), and the
approved surgical plan was also printed out to provide
the instructions during the computer-guided implant
surgery (Fig. 6). The clinical examination revealed that
the patient had an adequate amount of keratinized soft
tissue at the planned implant area, and the computer-
guided implant surgery was performed via a flapless
approach. Under local anesthesia, 2 dental implants
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Figure 5. A, Additively manufactured diagnostic cast with implant ana-
logs inserted. B, Individualized CAD/CAM, screw-retained interim resto-
rations. C, CAD/CAM surgical template seated on diagnostic cast.

(Straumann RC, SLActive, guided 4.1 mm x 10 mm;
Institute Straumann AG) were placed using the CAD/
CAM surgical template (Fig. 7). Primary stability was
achieved on the placed implants with an insertion torque
of 40 Ncm. After occlusal adjustments to relieve both
centric and eccentric occlusal contacts, the CAD/CAM
screw-retained interim restorations were secured to
the placed dental implants with 20 Ncm torque. The
screw accesses in the interim restorations were sealed
with cotton pellets and single-component resin sealing

Arunyanak et al

material (Fermit; Ivoclar Vivadent AG) (Fig. 8). The pa-
tient was provided with home care instruction and
observed for 8 weeks before the definitive impression
appointment; healing was uneventful. A summary of the
digital workflow used in the clinical and laboratory pro-
cedures is presented in Figure 9.

DISCUSSION

Historically, multiple clinical appointments are needed
to collect the required diagnostic information for the
computer-guided surgery of a patient with partial eden-
tulism. This time-consuming workflow includes obtain-
ing diagnostic impressions, making interocclusal records,
fabricating diagnostic casts, performing diagnostic
waxing, and obtaining a CBCT scan with a radiographic
template. In addition, the interim restoration needed for
immediate provisionalization often requires more labor-
intensive laboratory procedures before the computer-
guided surgery.®®

With the digital workflow described in this clinical
report, the clinician can obtain the required diagnostic
information in a single visit, reducing treatment
time and cost. The virtual diagnostic waxing and ability
of the virtual implant planning software merging all
STL and DICOM files eliminate the need to individu-
alize the radiographic template. Furthermore, the CAD/
CAM implant-supported, screw-retained interim
restorations can be designed and fabricated digitally
according to the planned implant placements in the
definitive restorative plan. The restoration can be
modified in the laboratory to address any further
esthetic concerns.

Possible limitations for this proposed workflow are
that different CAD/CAM and virtual implant planning
software are required in the surgical planning and labo-
ratory process.

The associated cost and system-specific training
for this software may increase overall operation cost
for both clinicians and dental technicians. With
the interchangeability of digital data in the open-
architecture software, this clinical report provides a
framework of digital workflow. Both clinicians and
dental technicians can opt to incorporate different,
readily available, compatible digital software from their
offices into this digital workflow to reduce the need for
new software. Furthermore, for the clinician, the
overall cost of acquiring new digital software and
the time of surgical planning in the practice can also be
reduced when the selected dental laboratory is
equipped with compatible CAD/CAM and implant
planning software and well-trained dental laboratory
technicians.

Although the optional additively manufactured diag-
nostic cast may increase the treatment cost, these casts
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Figure 6. A, Detailed prosthetically driven surgical plan for right maxillary canine. B, Detailed prosthetically driven surgical plan for right maxillary

first premolar.

provide the dental technician with the opportunity of
individualizing the CAD/CAM interim restorations
to enhance the esthetic outcomes and to inspect the
CAD/CAM surgical template and individualized interim
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restorations before surgery. With experience, this addi-
tively manufactured diagnostic cast may be omitted in
the posterior area where the esthetic outcome is less
critical.
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Figure 7. Computer-guided surgery for 2 dental implants completed
according to surgical plan with template.

Digital Workflow
Implant-supported Restorations in a Partially Edentulous Patient
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Figure 9. Summarized digital workflow.
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Figure 8. Immediate provisionalization completed with CAD/CAM screw-
retained interim restorations.

SUMMARY

This clinical report described a digital workflow to ach-
ieve computer-guided surgery and immediate provi-
sionalization in a partially edentulous patient based on a
definitive restorative treatment plan. A single-visit diag-
nostic data collection approach, a CAD/CAM surgical
template, and interim restorations were used to facilitate
the successful clinical treatment.
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Comparison of resin bonding improvements to zirconia between one-bottle universal
adhesives and tribochemical silica coating, which is better?

Xie H, Li Q, Zhang F, Lu Y, Tay FR, Qian M, Chen C.
Dent Mater. 2016;32:403-11

Objectives. To evaluate the bonding of resin-cement to yttria-stabilized tetragonal zirconia polycrystal (Y-TZP) via
silica coating followed by silanization, and three one-bottle universal adhesives, with or without prior conditioning
using a zirconia primer.

Methods. Y-TZP specimens (n=160) were conditioned by tribochemical silica coating and silanization (CS), or alumina
sandblasting with one of the following MDP containing adhesives or primers: Z-Prime Plus™ (zirconia primer, ZP),
Single Bond Universal™ (SU), Clearfil Universal Bond™ (CU) or All-Bond Universal™ (AU). Additionally, some
specimens (ZPSU, ZPCU and ZPAU) received Z-Prime Plus™ followed by one of the threeadhesives. After 24h water
storage and “aging” (20,000 thermocycles plus additional 40-day water storage), shear bond strength (SBS) was
measured. Fourier-transform infrared spectroscopy (FTIR) and X-ray Photoelectron Spectroscopy (XPS) were employed
for characterization of the chemical bonds between the primer/adhesives and the zirconia. Thermodynamic calculations
were used to examine the hydrolytic stability between the MDP-zirconia chemical bonds and the SiO2-silane chemical
bonds.

Results. The CS and ZPCU groups showed higher SBS than the other six groups. There were no significant pairwise
differences amongst ZP, SU and ZPSU, or amongst ZP, AU and ZPAU. Aging led to significantly decreased SBS for all
groups except CS and ZPCU. There was no statistically significant interaction between surface treatment and aging.

XPS determined the chemical bonds between MDP and zirconia. FTIR showed similar shifts in characteristic phosphate
peaks for all the primer and/or adhesive groups. Result of thermodynamic calculation showed that equilibrium constant
of SiO2-silane system is much larger than the one of MDP-tetragonal phase zirconia system.

Significance. The application of one-bottle universal adhesives after alumina sandblasting is an alternative to tri-
bochemical silica coating with silanization for bonding to zirconia, while bonding between resin and Y-TZP is more
susceptible to hydrolysis when zirconia primer or one-bottleuniversal adhesive is used.

Reprinted with permission of the Academy of Dental Materials.
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