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Fig 2 Mandibular virtual imaging from
CBCT facilitates computer assisted
planning and design, CAD for implant
placement around critical anatomical
structures. The utilization of tapered
and short implants is enabled by these
technologies (8-23)

ARRTANNA

Ll Sl

Fig 3. Paradox of loading inclined implants. Clinical outcome studies show no difference
between connected inclined and straight implants. Biomechanical studies predict higher
cervical stresses and increased risk for marginal bone loss on loading of inclined

implants. (1-23)

Biomechanical
implications of new
treament possibiities

Classical  biomechanical  bench
studies, finite element, photoelastic
and animal studies have all showed
that off axis loading of tilted mplants
may result in significantly increased
stress concentration at the implant
neck with increased risk of fatigue
microdamage and cervical bone loss
(1-6). This gave rise to the concept
that off axis loading was undesirable
and constituted a significant risk
factor (2-6). On the other hand
significant  success of inclined
implants compared to vertical axial
implants splinted in the same arch are
reported in large numbers of implants
(8-14). Three systematic reviews on
several thousand implants concluded
that there was no difference in peri-
implant bone loss between upright
and tilted implants. (10-13)

Findings of no significant difference
in failure rate and marginal bone loss

reported between tilted and upright
implants has created a paradox (Fig 3).
It appears that high incidence of
success of inclined implants seems
to tip the balance in favour of the
inclined implant concept as oposed to
the concept of off axis loading being
detrimental. Certainly reducing risk
factors requires consideration of the
supporting bone, splinting of adjacent
implants, the opposing occlusion and
occlusal parafunctional history.

Shortened dental arch
All on 4, Pro Arch

The concept of all-on-4 allows the
use of fixed Ffull arch restorations
with combinations of inclined and
straight implants inclinations. (Fig 6).
If there is room for additional inclined
or short implants this would be
indicated to reduce problems of initial
non-integration and to increase bone
support. Clinical planning dilemmas
of inclined implants versus sinus
augmentation, nerve transposition

Continues on page 13
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EVOLVING PROSTHODONTIC PARADIGMS
AND CONCEPTS, ADAPTING TO THE NEW
CHALLENGES AND THE IMPACT OF

DIGITAL DENTISTRY

MARTIN GROSS BDS, LDS, MSc

Altering paradigms

Occlusal concepts: Occlusal concepts
of restoring posterior support, occlusal
vertical dimension, and excursive
guidance have now become clearer
(1). We see that versatility of occlusal
design is now more acceptable
opposed to the classic class one model
with anterior disocclusion no longer
being the universal optimal therapeutic
model.  Concepts  of  restoring
the occlusion have changed with
the main emphasis now being that
the occlusal plan is not so much
designed to avoid TMDs but to provide
optimal biomechanical loading of
the teeth, prosthetic components and

Master in Prosthodontics. Associate
Professor at Tel Aviv University. President
International College of Prosthodontists
2011-2013. Author of ‘The science and art
of occlusion and oral rehabiliation” 2015.

their supporting bone. Concepts of
implant support, loading and inclination
are also changing with new focus
on the viability of inclined implants
and short implants in native bone as
opposed to classic loading concepts
(1-23).

New fixed prosthetic
and options

Shortened dental arch, inclined
implants, off axis loading, and short
wide implants are now receiving
significant validation from clinical
outcome studies (8-23). These
protocols are weighed in their
application versus bone augmentation
procedures which while themselves
having good outcome results are
complex, more time consuming and
often more traumatic (17). They are
also providing solutions where no
other conventional options may be
viable (Figs 1,2).

11 2018 wnao | 27 ‘00 |72 | N@N DIP'WYT TN TIANRD |INY

Fig 1 Clinical options of sinus
augmentation with longer vertical
implants or tilted implants avoiding sinus
augmentation surgery. The use of CAD
design, and surgical guides Facilitate
accurate placement of tilted implants in
challenging anatomical areas
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Fig 8. Digital technologies and workflows in the dental clinic and dental laboratories.
CAD ‘computer aided design’. CAM ‘Computer aided manufacture’

technological modalities that are
generally very expensive and have
often been first manufactured and
marketed and and then seem to be
looking for an application in clinical
dentistry. In many cases these
proved to be no better or often
inferior to conventional clinical
procedures and in some cases not
clinically relevant. Cases that spring
to mind include complex mechanical
and electronic articulators, complex
electromyographic and electronic
movement tracking devices, so
called ‘neuromuscular dentistry,
laser devices, and sonography to
name but a few (24-26). Some of
these were rapidly discarded and
others provoked controversy that in
some cases persists till today (26).

However we are currently seeing
the rapid development of a new era
and generation of clinical options
and digital applications applicable
to implantology, tooth and implant
supported prosthetics and removable

prosthodontics.These have been
coined ‘digital dentistry. In spite
of some previous bad experiences
our natural suspicions may prove
to be ill founded as were the first
reactions to the eras of so called
‘esthetic dentistry” and ‘implantology'.
Clinical outcome data have shown
many of these to be valuable clincal
options that have changed the
face of dentistry in the last era.
However while ‘digital dentistry’
with its continuous technological
developments seems to be progresing
rapidly, as with other Fformer
innovations, the scientific proof
with high-quality trials seems to be
slower than the industrial progress
of available digital applications, tools,
and devices (27). These are generally
referred to as CAD/Cam systems
and can be considered under the
headings of diagnostis, treatment
planning, computer aided design CAD
and computer aided manufacturing
CAM.

ARRTANNA

CAD/CAM Systems

CAD/CAM has become
accepted and rapidly developing
modality in dentistry after first being
introduced in the 1970s (28-30).
Fig 8 Computer aided design CAD is
carried out with varying software
programs that have the capabiity of
accurately creating digital formats
of restoration copings and other
prosthetic  components to high
degrees of accuracy. The digital input
to these planning software programs
is provided by digital scanners
that may be direct from intraoral
scanners, from CBCTs (cone beam
CTs), or indirectly from laboratory
digital scanning of conventional
castings from conventional intraoral
impressions.  The  digital virtual
restorations can then be created in

a well

physical form by various computer
aided manufacturing.

CAM systems in resins, zirconia
and metals, usually cobalt-chrome
or titanium with high accuracy.
The manufacturing processes vary
between materials and technologies
and have variously been termed 3D
printing, rapid prototype printing
and various subtractive milling
and additive sintering processes
and technologies. The consecutive
processes from CAD to CAM have
been termed as treatment sequences
and now with digital applications as
‘workflows’ (31) Figs 8,19.

Digital applications

and work flow

Wide ranges of devices and
programs are available for application
in dental clinics and dental laboratories
Fig 7,19. These applications and

Continues on page 15
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Fig 5 3D virtual planning with virtual
teeth CAD. Implants placed with
stereolithographic printed surgical

guide and CAM resin printed provisional
restoration with immediate placement (1)

Fig 6 Digital CBCT, optical scanning,

3D CAD imaging, planning and design
facilitate CAM stereolithographic surgical
guide fabrication for accurate implant
placement and CAM milled

metal superstructures (1)

Radiograph courtesy Dr Barry Marshak

Aol

R SN
R (0

Fig 7 CAM milling can create highly accurate fitting between CAD designed

superstructure and infrastructure with screw lock retention facilitating original
design options for fixed/ removable prosthetic options. (Nanomill Dental Solutions See

(acknowledgements for manufacturing and Patent details

and short posterior implants must be
resolved according to the dictates
of each individual case. Outcome
studies are becoming available
offering validation of alternative
clinical options reducing potential
risk and increasing predictability
in these Some implant
companies now offer approval of
clinical options with supported
validation studies (18-23). This is
certainly of benefit to the clinician
providing  additional confidence
in the wvalidation of particular
procedures as opposed to others
lacking this validation (18-23). In
addition many of these procedures
may be enhanced by current virtual
technological advances now called
“digital dentistry”. Digital dentistry
provides the clinician with significant
diagnostic and therapeutic options
that are pivotal in solving many of

cases.

these altered clinical paradigms
with surgical implant placement,
immediate  loading,  positioning

13 2018 wmao | 27 00 |13 | non DI YTRIW TIANRD |IN'Y

of inclined implants in critical
anatomical areas, provisional and
final restorations (Figs 4-17). This
is termed CAD CAM technology with
CAD representing ‘Computer Aided
Design and CAM - Computer Aided
Manufacture.

Adapting altered clinical
paradigms to digital
dentistry capabilities

Digital dentistry offers increased
possibilities of clinical applications
in these fields in addition to
alternative diagnostic, planning and
manufacturing possibilities in fixed
and removable tooth and implant
supported prosthodontics. An
illustration indicating the wide range
of clinical and laboratory options is
shown in Fig 8.

Digital dentistry

As technology has developed we
havebeenconfrontedinthepastwith
more sophisticated and complex
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Fig 14 Implants positioned according to
the virtual planning and guided surgical
placement

Fig 13 A. Stereolithographic bone
supported surgical guide seated on
maxillary model. B. Surgical guide seated
on the maxillary bone. C. Site preparation
through surgical guide with pilot drill

Fig 16 Acrylic cut back from indexed
provisional for final bridge scanned and
milled in metal by CAD CAM technology.
Screw retained bridge on low profile
angled abutments. Angled screw head
design and driver allow closure of angled
abutments screws

Fig 15 CAD CAM milled acrylic provisional
bridge

Continues on page 17
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workflows range  from  virtual
treatment planning with software
programs, digital impression options,
prosthetic component design (CAD)
with virtual software to the fabrication
of the prosthetic components (CAM).
Prosthetic component manufacturing
CAM may be done with either local
milling or sintering devices used in
the dental clinic or dental laboratory
or in external manufacturing facilities.
Computer designed prosthetic
components may be manufactured in
dedicated factory settings for both
sintering and milling in manufacturing
centers  both  nationally  and
internationally. (28-31)

e B

Clinical Case

This implant supported case is
shown here to illustrate some of the
capabilities of current digitally based
technologies through diagnosis, CAD
planning, guided surgery with CAM
(computer assisted manufacture) of:

Fig 11 A. 3D transparent virtual maxilla
with planned implants, masks of standing
teeth and virtual teeth.

B, C Stereolithographic replicas of the
virtually modelled maxilla

a stereolithographic surgical guide,
a milled resin provisional restoration,
and a milled screw retained metal

Fig 9 Healthy 69-year-old patient requires
fixed implant supported restoration of
right edentulous posterior maxilla and
refuses sinus augmentation option

superstructure for porcelain veneering
of the final restoration (1).

15 2018 wm1n | 27 'on (173 | non DT YTRIWT TIANRD (IN'Y

Fig 10 2 treatment options A. Sinus augmentation with upright implants. B Tilted
implants avoiding the need for sinus bone augmentation. Software planning from
DICOMS of cone beam CT (CBCT). Virtual implants abutments and teeth

Fig 12 A. Virtual teeth positioned in
relation to adjacent and opposing teeth
and soft tissue outline. The implants are
positioned according to implant model,
anatomic structures and bone density.
B. Milled CAD CAM bridge from virtual
teeth.

C. Stereolithographic model of jaw and
surgical guide
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Fig 19 The full range of CAD CAM technological options and capabilities with
workflows from treatment planning, clinical impressions through computer
aided design to prosthetic component manufacturing

transferred to CAM manufacturing
processes which are sent to external
manufacturing facilities or completed
in house.

CAD Computer
Aided Design
Software programs
and potentials

Several software planning programs
are availble for designing fixed and
removable restorations, permanent
or provisional, night guards, surgical
guides and orthodontic appliances.
These vary in their levels of capabilities
and development. Some produce
very accurate 3D implant placement
capabilities with others designed
to produce accurate reductive or
additive 3D printing capabilities in
resins, metals and zirconia. Virtual
articulators, dynamic movement and
orthodontic planning and appliance
fabrication are also available in
some of these programs. These are
grouped into the descriptive heading
of CAD ‘computer aided design’

with the capability of creating the
virtual desired designed prosthetic
requirement for polymer, metal or
zirconia. These virtual designs are
then created in the corresponding
physical form by digital connectivity to
CAM ‘computer aided manufacturing’
processes that are available in varying
technological methods.

CAM Computer Aided
Manufacturing

Reduction milling and additive
sintering technologies

Computer aided manufacturing CAM
technologies used in prosthodontics
are generally either of reductive
manufacturing  (RM) or additive
manufacturing (AM) (30,31).

Many of the CAM systems in use
today are based on the reduction
or substraction principle of milling.
This (RM) involves cutting tools
that mechanically cut away the
material until the desired form is
achieved according to the CAM
computer assisted design. Additive

ARRTANNA

manufacturing (AM) also called 3D
printing involves the addition of layers
directly from the 3D digital planning
data by the process of ‘sintering’. Both
additive and subtractive methods
allow fabrication of complex forms in
polymers, metals and zirconia.

Laboratory 3D Printers CAM
(Polymer sintering, Digital
light processing DLP)

Laboratory 3D printers are available
that ‘print’ polymer structures by
processes called Tapid prototype
manufacturing’ or polymer sintering.
These can ‘print’ polymer structures
of dental models, provisional polymer
crowns and bridges, casting matrices
for removable prostheses, complete
dentures, night guards, aligners and
surgical guides (29,30) (Fig 19). They
may also be used in the dental clinic.

Similarly clinical milling devices
are available for chairside milling of
monolithic zirconium single crowns
and small bridges. These also have
capabilities of producing milled
temporary restorations and surgical
guides.

Additive Manufacturing
Technologies

Different additive manufacturing
technologies  are applied in
prosthodontics, directly and indirectly
for the fabrication of fixed metal
copings, metal frameworks for fixed
and removable partial dentures, plastic
mock-ups and resin patterns for
further conventional metal castings
(29-32, 40-48). Commonly used
methods are: Stereolithography (SLA),
Digital light processing (DLP) Selective
laser sintering (SLS), Selective laser

Continues on page 19
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Fig 17 Final screw retained bridge in
position (1)

CAD/CAM technologies
and clinical options
Diagnosis, treatment planning.
CAD, Computer Aided Design

In the field of implantology 3D
digital modeling and virtual implant
placement (32-37) has become
commonplace and enabled with the
suitable software the manufacture of
accurate surgical guides for accurate
implant  placement according to
anatomical dictates (Figs 10-13).

Three dimensional printing enables
accurate manufacture of the supporting
bone, the teeth and the soft tissues. This
can be done in the clinic or laboratory
on3D printers for single tooth and small
bridges. Larger cases may be sent to
printing and milling facilities in Israel
or abroad. Surgical guides enabling
accurate implant placement are also
printed and manufactured in this way.
This technology enables accurate
implant placement that is very difficult
to do by eye. (Fig 13).

Intraoral Scanning

Several companies offer intraoral
scanners that facilitate scanning of
half the arch with extremely good
accuracy. Full arch scans have some
technical glitches and are being
improved. These are optical scanners
and certain learning curves may be
involved with the accustomization
to soft tissue involvement and saliva
control (30). Some systems require the
application of a powder to facilitate the
optical scans. The resulting files STLs
( Simulated tesselated language) are
sent to the laboratory for application
of virtual modeling and virtual design
of required restorations. Again several
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software programs are available for
this planning offering wide ranges of
possibilities for single and multiple full
and partial coverage tooth and implant
supported restorations and implant
abutments. Differing systems have
facilities for chairside manufacturing
or in dedicated laboratories in Israel
and abroad.

Fig 18

A. Intraoral scanners.,,
Left bench top and
right mobile cart.

B. Laboratory -
scanner .

Laboratory Scanning

Alternative  options allow for
conventional impressions to be cast in
conventional plaster in the laboratory
where they can then be scanned
by laboratory optical scanners that
accurately scan the entire arch with
high degrees of accuracy. The resulting
3D virtual modeling is incorporated
into the planning software program
for subsequent planning and design
carried out in the laboratory and then




Fig 22 Laser sintering process. Moving laser beam melts each successive surface of
metal powder until the metal crowns are fully formed

chrome. Studies comparing fit of
CoCR metal sintered crowns with
conventional cast crowns show no
significant differences in fit. (29-38).
Studies on porcelain bonding to
Co Cr chrome cobalt also show
similar adhesive and cohesive
properties with porcelain veneering
as compared to conventionally cast
metal restorations (42-44). With
another study showing improved
mechanical properties and similar
porcelain bond strength of porcelain
bonding to metal sintered copings
compared to conventional PFM
castings (42-44). A study assessed
the marginal and internal gaps of
the copings fabricated by computer-
aided milling and direct metal
laser sintering (DMLS) systems in
comparison to casting method (45)
They found that although the gap
was found to vary with fabrication
methods, the marginal and internal
gaps of the copings fabricated
by computer-aided milling and
DMLS fell within the range of
clinical acceptance (<120 pm). In

a systematic review in 2017 of 55
studies comparing the three methods,
the findings were that no clear
conclusions can be drawn about
the superiority of CAD-CAM milling
over the casting technique and

b
Fig 23 Chairside milling machines allow

milling of single restorations, small
bridges and surgical guides
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DMLS regarding marginal adaptation
(46). Conflicting results were due to
variation in study design.

Zirconia sintering

Zirconia blocks are made by
compressing zirconia powder. The
blocks are cut down by CAD-CAM
milling to crowns or bridges. These
may be milled from presintered blocks
that are softer and easier to mill
rather than fully sintered blocks that
are more dense and harder to mill.
Following milling of the presintered
blocks the milled prosthetic parts are
strengthened by heating in sintering
ovens. This heating process allows
them to achieve their maximum
strength. (47)

Milling Reductive
Manufacturing

Reductive manufacturing is carried
out by milling. Blocks of metal zirconia
or polymer are ground into desired
shapes by high speed water cooled
drills according to CAM computer
aided designs. These are capable
of rotating drilling heads or block
forms in 5 axes into any required
three dimensional shape. Milling may
be done in the dental clinic, dental
laboratory or in dedicated national
and international milling production
centers. Fig 23-25

Chairside Milling

Several companies  manufacture
chairside milling machines. These are
able to mill single restorations, small
bridges and in some cases surgical
guides. They require the input of intraoral
scanners and dedicated software for
design of restoration. Fig 23

Continues on page 21
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Fig 20 The in-lab 3D printer (polymer sintering, Digital light processing DLP) can
produce polymer provisional crowns and bridges, surgical guides, night guards,
impression trays, denture bases and complete dentures

melting (SLM), and Direct metal laser
melting (DMLS).

Stereolithography (SLA)

Stereolithography (SLA) creates
3D  objects by  successively
“printing” thin layers of an object
using a polymer medium curable
by ultraviolet light, laser beams by
photopolymerisation, starting from
the bottom layer to the top layer.
These machines are generally large
and expensive and are mostly carried
out at international printing centers.
Stereolithography is very accurate
and is used for surgical guides
for accurate implant placement. It
also produces accurate models of
supporting bone, tissue and tooth
casts supporting the surgical guides.
(34-39) (Figs 11-13)

Digital light processing (DLP)

These employ a method of sequential
building of a 3D model in layers by
using powder particles that are fused
by a laser beam on a powder bed.

(Fig 20). These use the technologies of
‘sintering’ whereby a thermal treatment
of a powder or porous system converts
it to a stable solid system.

Sintering

Sintering is the process of making a
powdered material) coalesce into
a solid or porous mass by heating
it (and usually also compressing it)
without liquefaction.

Metal Sintering

Sintering in the powder metallurgy
process is heat treatment applied to a
metal powder compact transforming
this into a solid metal form. The
temperature used for sintering is
below the melting point of the major
constituent of the powder metallurgy
material. Metal substructures in fixed
and removable prostheses are made
of cobalt chrome and titanium.

Direct metal laser sintering
melting is used to manufacture
metal frameworks and crowns of
high dimensional accuracy in cobalt
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Fig 21 Laser sintering. (Selective laser
sintering, selective laser melting, direct
metal laser melting). The moving laser
beam melts successive layers of metal
powder converting them to a solid state.
A roller rolls new powder layers for
subsequent sintering as the crown or
bridge is built up in layers



digital cut back of scanned waxups or
set ups created clinically.

Solving esthetic, functional and
maintenance dilemmas in fixed
implant restorations

This digital CAD CAM double milling
prosthesis (Fig 25) is an example of
how CAD CAM capabilities provide a
specific clinical option that helps solve
clinical problems. In this case solving
a problem associated with fixed non
removable implant supported FPDs.
The ability to remove, clean and rigidly
replace a superstructure provides
an advantage. This can overcome
difficulties associated with esthetically
required flanges for lip support, ridge
lapping, bucco lingual discrepancies
and inaccessible embrasures, that
allow access for plaque removal with
its fixed removable capability. The very
high level of fit between the metal CrCo
or titanium superstructure and infra
structure makes this system a clinically
useful option. Used in conjunction
with milled finger press locks a fixed
removable double milled metal base
can be of significant clinical value as
a fixed/ removable prosthesis. Figures
7,25 show examples of this method.

Conclusions

It is apparent that these new
and developing technologies are
already and will continue to become
part of routine clinical procedure.
The paradigm changes, conceptual

adaptations and learning curves
required by both clinicians and
laboratories are part of today’s

challenges in prosthetic and implant
dentistry. Areas where inadequacies
and improvements are required will

continue to be developed. It is hoped
that clinical outcome studies and
further validation studies will continue
as clinical research strives to keep up
with the technological advances and
developments that will be of significant
value in increasing our clinical and
laboratory capabilities (29).
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Laboratory Milling

Laboratory milling technology is
available and produced by several
companies. These can use dry and
wet milling procedures and can mill
in up to 5 axes that can mill in all
planes and in undercuts and diverging
abutments. These can mill polymers,
glass ceramics, titanium and chrome-
cobalt. They vary in capabilities and
compatability with different planning
software options. Available models
can dry mill zirconia, wax, PMMA, PEEK,
gypsum and composite.

Centralised Milling

Milling of complex metal components
is utilized by sending software designs
in digitalized formats for supervised
3D printing. Most high quality centers
offer professional back up and
do not authorise printing until the
software design has been approved
by the support process. Materials
used in milling (RM) printing include
cobalt chrome, titanium and zirconia.
Manufacturing level milling machines
are highly sophisticated and can mill out
multiple simultaneous forms according
to the digital design input. The ability
to mill with the milling blocks moving
relative to the milling tools provides
additional accuracy compared to most
systems where the milling tools are
moved relative to the metal blocks. (Fig
24, 25). Examples of these capabilities
are shown in Figs 7 and 25. In this
example implant supported, screw
retained metal infrastructures are
milled and superstructures milled to
fit on to these from a diagnostic cut
back. High degrees of fit are achieved
between the metal components.
Superstructure design is created with

Fig 24 Manufacturing outsourced milling machines. Also in well equipped dental
laboratories. These can mill chrome cobalt, titanium and zirconia into complex forms
according to the CAD 3D design inputs. Multiple copings crowns and superstructures
can be milled simultaneously out of solid blocks of metal

Fig 25 Sophisticated robotized technology used in a
major international outsourcing milling production plant

Fig 26 Double milling fixed removable implant supported prosthesis. A locking device
affords retention of the fixed removeable superstructure. Porcelain veneering is applied
to the Cr Co superstructure. Titanium superstructures may be used with resin layered
occlusal and esthetic veneering. (Nanomill Dental Solutions See acknowledgements for
(manufacturer and patent details
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TAKING DIGITAL TECHNOLOGY TO

THE MAX: A FULL DIGITAL WORKFLOW,
FROM PLANNING TO SURGERY AND
PROVISIONALIZATION

Michael Klein DDS', Allon Waltuch DDS?

he Use Of Technology In Dentistry Is Not A New Phenomenon. Digital

Xrays, Ct Scanning, Digital Ct Planning, Intraoral Scanning And Cnc
Machining For Dental Applications Have Been In Use From The Early 1990°S.
The Clinical Dental World Has Been Relatively Slow In Its Adaptation Of
Many Of These Technologies For Clinical Use Because Of The Perception
Of Limited Value As Separate Islands Of Technology. In The Past Several
Years New Technology Has Emerged Allowing The Integration Of These
Technologies. This Integration Has Created Powerful Tools Allowing Full

Digital Workflows To Be Created.

Planning tools for implant dentistry
have evolved over the past 27 years.
From the predecessor of Simplant
called Implant to sophisticated
interactive software tools that take

1. Dr. Michael KleinMichael Klein, D.D.S.
University of Maryland. Specialty in
Prosthodontics University of Medicine
and Dentistry of New Jersey. Clinical
Associate Professor at NYU Department
of Periodontology and Implantology.

2. Dr. Allon WaltuchAllon Waltuch DDS,
NYU College of Dentistry, Fellowship in
Oral Implantology.

the DICOM data of low dose cone
beam CT scanning and integrates
them with intraoral or model
scanning. The combined data sets
give the clinician and laboratory
technician an unprecedented view of
the patient’s anatomy in conjunction
with the existing intraoral structures
(teeth, soft tissue, occlusion).” Virtual
diagnostic setups can be done
accurately and in fewer patient visits,
making the application of diagnostic
wax-ups realistic for every patient.
The combined virtual wax-up with

a CBCT scan perspective allows true
restoratively driven surgical decision
making and implant placement a
practical reality. Software is then used
to take the prosthetic/surgical implant
placement plan to design surgical
guides that direct accurate implant
placement. A digital file called an STL
manufacturing file is produced and
used to 3-D print (or in some limited
applications CNC mill) a surgical guide.?

Surgical guides designed and
manufactured by digital technology
have been in use since the year
2000. However due to the number
of appointments to fabricate them
(delaying the surgery) in conjunction
with cost and limitations of use, there
has not been a wide usage of these
devices. The new shorter workflow
can be done in as little as one pre-
surgical visit. The use of cone beam
CT scanning with intraoral model
scanning produces a very accurate

Continues on page 25
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restoration design was created and
converted into a manufacturing file to
CNC mill (fig, 6, fig 7, fig 8, fig 9).

All the components for a successful
surgery were assembled including
surgical guide, implants, bone graft
material, abutments and provisional
restoration.

The procedure was performed
under local anesthesia. The surgical
guide was tried in being careful to
observe complete seating through
the windows in the surgical guide
(fFig 10). A sulcular incision was made
from the distal of the maxillary right
lateral incisor to the distal of the
left maxillary lateral incisor. Minimal
reflection was done until the crest
of bone was exposed to provide
adequate access to the roots of the
fractured teeth. Reflection of the soft
tissue/periosteum was limited to
avoid compromising the vascularity
to the recently traumatized bone. The
3 fractured roots were atraumatically
extracted. The surgical guide was
seated utilizing tooth support.

A fully guided surgical protocol
utilizing contrangle guidance was
utilized. A Digital Guidance Sleeve
(DGS) was connected to the special
contrangle (fig 11). A centering
sleeve was inserted into the Digital
Guidance Sleeve (DGS) to ensure
true and accurate drilling with the
initial 2mm  twist drill. The correct
length of drills was indicated on the
drilling report. The initial 2mm drill
did not contact the bone and begin
drilling until the DGS engaged the drill
guide sleeve (fig 12). A window in

ARRTANNA

Fig 3 The intraoral scan was integrated with the ct scan. A virtual diagnostic waxup
was done and surgical implant planning was completed comprehensively

(X
CAL

Fig 4 The surgical guide design was
completed using the integrated intraoral
scan and ct scan data. This design was
then converted into a manufacturing file

Fig 5 The surgical guide manufacturing
file was 3-D printed and metal sleeves
selected in the sofware library were
inserted into the guide

Fig 6 The implant surgical position

and diagnostic waxup is imported into
prosthetic design software and the
provisional restoration design is finalized

Fig 7 The provisional design incorporates
the selected provisional
abutment design

along with a spacer

for possible small
descrepancies in final
implant position

Fig 8 The finalized
provisional

restoration design
is converted into a
manufacturing file

Continues on page 27
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surgical guide.?

Prosthetic treatment begins at this
point, taking the virtual diagnostic
wax-up and merging it with the
implant positioning designed for the
surgical guide. The abutment type (e.g.
multiunit, temporary Tibase cylinder)
is selected in the design library of the
prosthetic design software and space
for this component becomes part of
the provisional design. This becomes
the provisional restoration design.
Incorporated in this design are spacers
to accommodate for small potential
discrepancies to the final clinical
implant position. A manufacturing file
is created from this design and is used
to CNC mill a provisional restoration.

There are several types of fully
guided surgical systems including
sleeve systems, systems with large
shank drills that accommodate to a
master guide sleeve and handpiece
navigation systems.*> All of these
systems have limitations which may
include the requirement of large
interarch space (to accommodate very
long drills), large numbers of drills,
high cost, and a high level of training
and technical expertise.

A new generation of computer
guided tools has been introduced
that manages many of the previous
limitations experienced by clinicians
working with guided surgical systems.
A smooth workflow that effectively
manages interarch space, uses a
limited number of drills and does not
require additional technical machinery
has been developed. These tools use
the concept of handpiece guidance
without the requirement of significant
technical skill required in real time

Fig 1 The patient 1 month following
fracturing and avulsion of maxillary
incisors

Vi, R N

o

Fig 2 The remaining incisors were
deemed nonrestoreable

navigation tools. A sleeve mechanism
is connected to the implant drill
contrangle. The contrangle is guided by
its sleeve system that integrates with
the surgical guide sleeve. The entire
sequence of drilling is accomplished
by simply changing drills.

The following case
demonstrate the new

report  will

simplified
workflow utilizing a new generation
of computer guided tools for
implant placement and immediate
provisionalization.

A 32 year old male presented 1
month following trauma to his anterior
maxilla. The patient reported that he
was hit by a car while riding a bicycle
causing avulsion of one maxillary
incisor and fracturing the 3 other
maxillary incisors (fig 1).

The patient reported a clear medical
history including no medications or
allergies.

On examination, the patient’s face
exhibited multiple areas of healing
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from secondary intention due to
significant abrasive injuries to his
face. The maxillary right and left lateral
incisors were fractured to the level of
the free gingival margin. The maxillary
right central incisor was fractured
to the level of the crest of bone, and
the left central incisor area appeared
to be healing well following its
avulsion. Periapical radiographs were
taken (fig 2). The patient reported
that his anterior teeth did not come
together prior to his accident. The
remaining maxillary incisors had a
poor restorative prognosis and were
deemed non-restorable.

Diagnostic records were taken at
the consultation visit including photos,
cone beam CT scan and a digital intra
oral surface scan.

Avirtual wax-up was performed and
combined with the implant planning
software. A comprehensive treatment
plan was made to include extraction
of the 3 remaining maxillary incisors,
immediate placement of 4 implants
utilizing a fully quided surgical
technique. Bone grafting of any
intrabony defects followed implant
placement. The placement of non-
engaging temporarytitanium cylinders
to retain a screw retained provisional
restoration was performed.

A finalized plan for implant
placement based on bony anatomy,
soft tissue emergence profile/papilla,
restoration component dimensions
and restoration design was completed
by a collaboration between the
implant surgeon, restorative doctor
and laboratory technician (fig 3).

A surgical guide design was created
and manufactured by 3-D printing
(Fig 4, fig 5). A compatible provisional



Fig 17 Temporary titanium abutments
are seated directly on the implants.
These abutments are what were selected
in the prosthetic design software library

Fig 18 The provisional restoration
slides into the planned position over the
temporary titanium abutments

essential for accurate planning and
surgical tool fabrication. Minimal
patient  appointments prior to
surgery is essential. Easy, low cost,
timely fabrication of surgical guides
is important. Surgical guide systems
that accommodate to minimal
interarch space, adequately irrigate
the implant drills and simplify the
implant surgical procedure while
maintaining a high level of accuracy is
paramount.’" The ability to translate
pre-planned implant surgical position
to prosthetic design vastly simplifies
the immediate provisionalization
procedure by minimizing adjustments
to the provisional during the surgical
procedure. Implant components
such as abutments and provisional
abutments must be integrated in
design software and should be
designed to allow for potential
discrepancies in  final  implant

Fig 19 Acrylic was added to secure the
provisional restoration to the temporary
titanium abutments in the patients mouth.
The screw access holes were blocked out
to prevent acrylic from flowing into the
abutment screw

Fig 20 Acrylic was added in the
laboratory to all the provisional
deficiencies. Desired shapes and
contours were defined at this time

Fig 21 The completed provisional was
tried in prior to suturing and then
removed. Suturing was completed
followed by the final insertion of the
provisional. Provisional restoration by
Dr Tuvia Shulman

position. Dental laboratories that
are fluent in digital surgical and
prosthetic design can vastly simplify
clinical procedures for the doctor

and patient.

O

Fig 22 A post operative radiograph
demonstrates good implant placement
with complete seating of the provisional
abutments

Fig 23 2 weeks following extractions,
implant placement and immediate
provisionalization soft tissue healing
with the beginning of papilla’s
granulating in can be seen

Conclusion

Digital tools for data collection,
prosthetic planning (including virtual
diagnostic waxup), and surgical planning
have entered a new era of predictability
due to the development of integrative
data sets. A complete digital workflow
can shorten the time to surgery while
performing  comprehensive  surgical
and prosthetic case analysis. Digital
tools aid in data collection, analysis and
design of surgical guides and provisional
restorations. New tools manage previous
difficulties in an effective manner.
Following a complete digital workflow
minimizes the treatment time while
maximizing predictable quaity.canepage 28
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Fig 9 The manufacturing file is then used
to CNC mill the provisional restoration
from PMMA material

Fig 10 The surgical guide was tried in
the patients mouth. Windows designed
into the guide allowed verification of
complete guide seating. Care was taken
to ensure there was no interference in
seating the guide from the remaining
tooth roots

Fig 11 This new generation of computer
guided surgical devices is by contra angle
guidance. A specially designed Digital
Guidance Sleeve (DGS) is inserted into a
special contra angle. A window in the
DGS allows direct irrigation on the drills

Fig 12 The DGS guides the drill through
the sleeve in the surgical guide

Fig 13 The DGS remains in the contra
angle, while all the subsequent drills are
used to provide a fully guided treatment

Fig 14 The implants are then inserted
thru the surgical guide to assure
accurate final implant position

Fig 15 Final implant positioning and
torqueing can be done with a hand
torque driver while continuing surgical
guide guidance

Fig 16 All intraboney deficiencies were
grafted using a xenograft bone graft
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the DGS allowed direct irrigation on
the drills. The tapered drill design
of all the subsequent drills allowed
easy seating into the osteotomy
of each subsequent drill. All the
subsequent drills were then used
with the DGS (fig 13). An implant
placement key was used to assure
accurate implant placement with no
deviation from the surgical plan (fig
14, fig 15). All intrabony deficiencies
between the implants and residual
extraction sockets were grafted with
a xenograft bone material (fig 16).
Non-engaging titanium  cylinders
were seated onto the implants and
the provisional restoration was tried
in seating precisely over the cylinders
(fig 17, fig 18). The titanium cylinders
were cured to the PMMA provisional
with acrylic intraorally (fig 19). All
deficiencies in the reline were filled
in the laboratory along with final
reshaping and polishing (fig 20).
The soft tissue was sutured and the
screw retained provisional inserted
to position (fig 21, fig 22, fig 23).

Discussion

The success of the digital workflow
in implant dentistry is dependent on
several factors. Data collection for
the fabrication or virtual fabrication
of study casts must be accurate,
fast and easy.®” Visualization of
the clinical anatomy must be clear
and accurately represent what
exists in the patient’s mouth. There
must be recording of the centric
occlusion and vertical dimension.
The acquisition of CT scan DICOM
data should be accurate and at low
dose radiation levels.®® Integration
of clinical data with CT scan data is
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e Heavy smoker

e Peptic ulcer & Hiatal hernia +
suspected aciduric reflux

e Probable Sleep Bruxism with
severe tooth wear 2

e Dental Neglect

e Functional & aesthetic
impairment combined with a
gummy smile

e Generalized severe chronic
periodontitis 3

e Reduced posterior occlusal
support with slight loss of VDO*

e Irregular occlusal plane

e Secondary occlusal trauma with
fremitus & suspected VRF (22)

e Dental relations: Angle class 1
(canines)

o Caries high risk (caries: 16 14
12 21 23 33 34 45)

» Failing restorations (16X14, 22,
24X26, 33)

o Missing teeth: (27, 46, 47)

e Combined Perio-Endo lesion &
Sinus tract (24)
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The Only Implant For
Drill-Less Approach

Magix Implant - designed for implant
placement without drilling or with minimal
drilling with marking drill, to create
targeted control during insertion of the
implant into the bone tissue.

CORT => Formore info visit us at:
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Computer controlled light stick with 5 -
illumination settings plus cure-safe mode

Accessory kit

Includes Mouthpiece lubricant,
7 Cleaning brush, Y-adapter hose, Suction
2 line plug and O-ring lubricant
Vacuum light pipes - Six (6) included Isolite with power vacuum hose Isolite Power Supply
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VAHENRY SCHEIN® SHVADENT
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TRIOS Handle grip
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TRIOS Pen grip
Wireless/ wired
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3Shape Implant Studio 3Shape Orthodontics

Increase predictability by ofering Widen your range of treatment
implant planning and surgical guides  options and digital workflows

3Shape TRIOS Design Studio
Ofer same-day dentistry

054-6060800 NNATNI 0'V12Y

www.Shvad.net @ HenrySchein-Shvadent



