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Chapter 1: Digital Imaging

Figure 1.1 ICDAS caries classification.

Figure 1.2 A radiographic application of the ICDAS

classification for interproximal caries compiled by the

author.

Figure 1.3 A typical MPR image of the posterior left

mandible; note the expansion and mixed density

lesion inferior to the apex of #19. The software is

InVivo Dental by Anatomage, and the patient was

scanned on a Carestream 9300 CBCT machine.

Figure 1.4 A reconstructed panoramic image from a

Carestream 9300 CBCT machine; the patient is the

same patient as in Figure 1.3 and the software is

InVivo Dental by Anatomage.

Figure 1.5 A multiplanar view of an impacted

maxillary right canine (taken with Sirona Galileos).



Figure 1.6 A multiplanar view of an impacted

maxillary left canine (same patient as Figure 1.5 and

taken with Sirona Galileos).

Figure 1.7 The mandibular canal passes through the

furcation of an impacted third molar in a distal-to-

mesial direction and bifurcates the mesial and distal

roots (the CBCT volume is exposed by a Carestream

9300, and the software is InVivo Dental by

Anatomage).

Chapter 2: Digital Impressions

Figure 2.1 Captured screenshots of a partial arch

digital impression done with the iTero (a), the 3M

True Definition Scanner (b) the CEREC AC with

Bluecam (c), the PlanScan (d), and the CareStream

CS 3500 (e).

Figure 2.2 3M True Definition intraoral scanning

system (a) and its wand (b).

Figure 2.3 CEREC OmniCam intraoral scanning

system (a) and its wand (b).

Figure 2.4 PlanScan intraoral scanning system with

PlanMill milling machine and laptop.

Figure 2.5 Carestream CS 3500 intraoral scanning

system (a) and its wand (b).

Chapter 3: Direct Digital Manufacturing

Figure 3.1 Printed model of a cranial defect.

Figure 3.2 Diagram to describe how a cast is planned,

a metal denture base is designed, and the metal

denture base is manufactured using a direct digital

workflow.

Figure 3.3 Medical images such as a CT scan are a

stack of axial slices that can be stacked to build a 3D



image.

Figure 3.4 A 5-axis computer numerical control

(CNC) milling machines.

Figure 3.5 Example of the irregular organic shapes

that are best fabricated using additive manufacturing

techniques.

Figure 3.6 An example of the mesh structure of a

tooth typical of an .stl file used in direct digital

manufacturing.

Figure 3.7 A 5-axis milling is achieved not only by

moving the milling burs in the x, y, and z axes, but

also by moving the material different axis of rotation

as well.

Figure 3.8 Milling requires that the design needs

structures to maintain the part with the bulk of the

material.

Figure 3.9 The Uprint Deposition modeling machine

from Stratasys.

Figure 3.10 Nozzle and platform arrangement of the

typical fused deposition modeling device.

Figure 3.11 Internal setup of the EBM, powder is

held in bins on both sides of the heat shield, powder

is racked across the platform and the beam is

exposed to the powder fusing the powder in an

oxygen free chamber.

Figure 3.12 3D cube made of titanium, a shape that

cannot be fabricated using a milling processes.

Figure 3.13 The printing and cleaning chamber of a

binder-jet 3D printer.

Figure 3.14 The Mcore Iris color sheet lamination

printer uses plain and colored paper.



Figure 3.15 Parts washers are needed to clean the

SLA pieces from the residual photopolymers.

Figure 3.16 Post-cure with light curing unit.

Figure 3.17 Model of a skull with supports.

Figure 3.18 A Connex 500 Polyjet printer.

Figure 3.19 Clear model with black supports

fabricated on a polyjet printer.

Figure 3.20 Vascular models from a CT with contrast

fabricated on a binder jetting printer allows for color

to be applied to the vessels.

Chapter 4: Digital Application in Operative Dentistry

Figure 4.1 Crown preparation with diode laser

retraction of the gingiva.

Figure 4.2 High-magnification image of a crown

preparation margin with the True Definition digital

impression system software.

Figure 4.3 Preoperative view of tooth #30.

Figure 4.4 Onlay preparation for chairside CAD/CAM

onlay #30.

Figure 4.5 Immediate delivery of leucite-reinforced

chairside ceramic onlay (Paradigm C) at preparation

appointment.

Figure 4.6 Three year recall of the leucite-reinforced

chairside ceramic onlay (Paradigm C) for #30.

Figure 4.7 Five year recall of the leucite-reinforced

chairside ceramic onlay (Paradigm C) for #30.

Figure 4.8 Preoperative view of tooth #19.

Figure 4.9 Immediate delivery of chairside CAD/CAM

lithium disilicate crown (IPS e.MaxCAD) at the



preparation appointment.

Figure 4.10 Three year recall of the chairside

CAD/CAM lithium disilicate crown (IPS e.MaxCAD)

for tooth #19.

Figure 4.11 Five year recall of the chairside

CAD/CAM lithium disilicate crown (IPS e.MaxCAD)

for tooth #19.

Chapter 5: Digital Fixed Prosthodontics

Figure 5.1 Possible workflow combinations from

entirely conventional methods to a completely digital

workflow.

Figure 5.2 (a) Printed resin cast with CAD/CAM

ceramic crown.

Figure 5.3 CAD/CAM wax pattern to be used with a

conventional casting technique and CAD/CAM full

contour zirconia crown.

Figure 5.4 Printed resin die for fixed prosthodontics.

Figure 5.5 Milled wax patterns, full contour (left) and

coping (right).

Figure 5.6 (a) Milled wax patterns, occlusal aspect.

(b) Milled wax patterns, intaglio aspect.

Figure 5.7 (a) Dental milling machine. (b) Milling

chamber of dental milling machine.

Figure 5.8 Examples of materials for hard-milled

restorations (left to right): composite, leucite-

reinforced ceramic, zirconia-reinforced lithium

silicate ceramic.

Figure 5.9 Micrograph of a feldspar-containing

ceramic. Note the large amount of glassy matrix

surrounding the crystalline phase.



Figure 5.10 Micrograph of a new “zirconia-reinforced

lithium silicate” ceramic.

Figure 5.11 Blank of alloy containing milled FDPs.

Figure 5.12 (a) Laboratory milling machine. (b) Soft

milling of partially sintered zirconia.

Figure 5.13 Block of pre-crystallized or “blue stage”

lithium disilicate.

Figure 5.14 Milled “blue stage” lithium disilicate

crown (left) and crystallized final crown (right).

Figure 5.15 (a) Micrograph of a high-translucency

lithium glass-ceramic ceramic. Note the large, but

few crystals compared to the low-translucency form.

(Courtesy Dr. Isabelle Denry.) (b) Micrograph of a low

translucency lithium glass-ceramic ceramic. Note the

smaller, but more numerous crystals.

Figure 5.16 Copings made of magnesium aluminum

oxide (left) and aluminum oxide (right), note the

difference in translucency.

Figure 5.17 (a) Digital design of enlarged coping for

soft milling of zirconia. (b) Digital design of enlarged

coping for soft milling of zirconia.

Figure 5.18 (a) Small partially sintered zirconia

blank. (b) Large partially sintered zirconia blank for

dental laboratory production of multiple units. (c)

Milled partially sintered zirconia restorations,

occlusal aspect. (d) Milled partially sintered zirconia

restorations, intaglio aspect.

Figure 5.19 Presintering coloration of “green”

zirconia.

Figure 5.20 (a) High-temperature laboratory furnace

for sintering zirconia restorations. (b) Colored



“green” zirconia restoration in a saggar tray ready

for sintering.

Figure 5.21 Crowns fabricated from CAD/CAM

ceramic materials (left to right: Lithium disilicate

monolithic ceramic, low-translucency zirconia core

veneered with ceramic, conventional metal-ceramic

restoration).

Figure 5.22 Crowns fabricated from CAD/CAM

ceramic materials (right to left: Leucite-reinforced

monolithic ceramic, Lithium disilicate monolithic

ceramic, alumina ceramic core veneered with

ceramic, low-translucency zirconia core veneered

with ceramic, high-translucency tinted zirconia core

veneered with ceramic, conventional metal-ceramic

restoration).

Figure 5.23 Indirect/direct combination technique -

shell for later relining milled and polished prior to

tooth preparation.

Figure 5.24 Indirect/direct combination technique –

shell relined directly in the patient's mouth

Figure 5.25 Milled provisional multiunit restoration,

occlusal aspect.

Figure 5.26 CAD/CAM Provisional – note the

monocolor appearance, a disadvantage for

provisionals in the anterior region.

Figure 5.27 The monochromatic appearance of a

milled ceramic crown is rarely acceptable for single

teeth in the anterior region, despite good color match

and polishing.

Figure 5.28 (a) Conservative tooth preparations. (b)

The monochromatic appearance has been improved

by surface staining and application of glaze. (c) The



lack of staining on the palatal surfaces of the crowns

points out the monochromatic nature of most ceramic

blanks.

Figure 5.29 Molar restorations: lithium disilicate

(left), full contour zirconia (middle), conventional

metal-ceramic (right).

Figure 5.30 (a) Edentulous area with tall tooth

preparations provides for adequate connector size

and shape. (b) Veneered zirconia 4-unit anterior FDP.

Note to use of pink ceramic to improve esthetics.

Figure 5.31 (a) and (b) Connector location and cross-

sectional area – the dotted line denotes the size

needed for most ceramic connectors as compared to

conventional (smaller) metal one.

Figure 5.32 Computer planning of connectors for an

all-ceramic (zirconia) FDP.

Figure 5.33 Zirconia framework prior to layering with

veneering porcelain (above). Note the connector size

and placement to the facial due to opposing incisal

contacts. The completed, veneered zirconia 3-unit

anterior FDP is shown below.

Figure 5.34 Full contour zirconia 3-unit posterior

FDP. The connector size is the minimum allowed and

the tissue surface is rounded.

Figure 5.35 (a) Molar reduction for a meta-ceramic

crown with metal occlusal. (b) Molar reduction for an

all-ceramic crown. (c) Reduction differences: the

reduction is drastically more in the posterior region,

due to strength requirements.

Figure 5.36 (a) Incisor reduction for a metal-ceramic

crown with metal palatal surface. (b) Incisor

reduction for an all-ceramic crown. (c) Reduction



differences: the reduction is drastically more for

ACCs on the palatal and proximal, however slightly

less facially.

Figure 5.37 Sharp, thin preparations results in

overmilling due to the diameter of the bur crown.

Figure 5.38 Large chip (highlighted in green) at

margin of leucite-reinforced ceramic.

Figure 5.39 Fractured ML functional cusp of

feldspathic ceramic onlay.

Figure 5.40 Chipping caused by milling.

Figure 5.41 Crack emanating from chipping at

margin.

Figure 5.42 Fractured layered zirconia restorations.

Figure 5.43 Digital proposal for all ceramic crown,

the colored dots mark the planned occlusal contacts.

Figure 5.44 Range and magnitude of human bite

forces by region of the mouth.

Figure 5.45 Stress concentration under occlusal loads

(in red).

Figure 5.46 Correct connector gingival contour

(right) and incorrect, sharp contour (left) that may

lead to fracture.

Figure 5.47 Natural teeth with little chromatic

variation.

Figure 5.48 (a) Natural teeth with little chromatic

variation, the tooth preparation has a zirconia post.

(b) Restoration with monolithic leucite-reinforced

ceramic, surface staining, and glazing has been

performed.



Figure 5.49 Natural teeth with extensive intrinsic

characterization.

Figure 5.50 All-ceramic crown that does not mask

discolored tooth preparation. The intrinsic

characterization of the incisal edge is not replicated

by a monolithic crown.

Figure 5.51 (a) Slightly discolored tooth preparation,

adjacent teeth are opaque. (b) Two crowns of varying

opacity: lithium disilicate (left) and layered zirconia

(right). Even though they are the same shade, the

difference in translucency is marked. (c) Due to the

high value of the adjacent teeth, the zirconia crown

was chosen as the definitive restoration.

Chapter 6: CAD/CAM Removable Prosthodontics

Figure 6.1 AvaDent Stock Trays.

Figure 6.2 Impression material used to create stops

in the intaglio surface of the stock tray.

Figure 6.3 Border molding with Heavy-body

impression material.

Figure 6.4 (a), (b) Maxillary and mandibular definitive

impressions.

Figure 6.5 Mandibular and maxillary Anatomical

Measuring devices.

Figure 6.6 Stylus of the maxillary AMD device.

Figure 6.7 Adjustable lip support flange of the

maxillary AMD.

Figure 6.8 Relined intaglio surface of the maxillary

AMD with heavy-body PVS.

Figure 6.9 AvaDent ruler used to determine the

appropriate occlusal plane.



Figure 6.10 Relined intaglio surface of the

mandibular AMD with heavy-body PVS.

Figure 6.11 Establishment of the appropriate OVD

with the selection mold tab cemented in place.

Figure 6.12 Gothic arch recording.

Figure 6.13 Recess created at the apex of the gothic

arch recording.

Figure 6.14 AvaDent wrench used to moved the

maxillary AMD lip support flange.

Figure 6.15 Self-adhesive teeth selection mold tabs.

Figure 6.16 (a) Teeth selection mold tabs evaluated

with lips at repose. (b) Teeth selection mold tabs

evaluated with the patient smiling.

Figure 6.17 Injection of bite registration material to

capture the centric relation.

Figure 6.18 (a) Profile view of the digital preview of

the prostheses. (b) Lateral view of the digital preview

of the prostheses. (c) Frontal view of the digital

preview of the prostheses. (d) Frontal below view of

the digital preview of the prostheses. (e) Maxillary

full arch view of the digital preview of the prostheses.

(f) Mandibular full arch view of the digital preview of

the prostheses.

Figure 6.19 Placement of AvaDent digital complete

dentures.

Figure 6.20 Maxillary and mandibular Dentca stock

trays and lip ruler.

Figure 6.21 (a) Maxillary Dentca detachable tray. (b)

Mandibular Dentca detachable tray.

Figure 6.22 Surgical blade used to slice thru the

definitive impression material



Figure 6.23 Stylus slotted into the mandibular Dentca

tray

Figure 6.24 Aerosol indicator marking spray covering

the maxillary occlusal tracing plate

Figure 6.25 Establishment of the appropriate OVD

Figure 6.26 Gothic arch recording on the maxillary

occlusal tracing plate

Figure 6.27 Dentca jaw relation record

Figure 6.28 Dentca lip ruler used to measure the

length of the maxillary lip

Figure 6.29 Dentca maxillary and mandibular

stereolithographic trial dentures

Figure 6.30 Definitive Dentca dentures

Figure 6.31 (a) AvaDent provisional digital complete

dentures. (b) Trial placement of AvaDent provisional

digital complete dentures.

Figure 6.32 Radiographic template with fiduciary

markers.

Figure 6.33 CBCT scan of the Radiographic template.

Figure 6.34 (a) Frontal view of the surgical planning

with the virtual surgical template. (b) Occlusal view

of the surgical planning with the virtual surgical

template. (c) Lateral view of the most appropriate

location of each planned implant. (d) Occlusal view of

the most appropriate location of each planned

implant.

Figure 6.35 NobelGuide surgical template.

Figure 6.36 Avadent conversion denture.

Figure 6.37 (a), (b) Implant placement using the

NobelGuide surgical template.



Figure 6.38 Placement of Nobel Biocare Multi-Unit

abutments.

Figure 6.39 Placement of temporary copings for

multi-unit abutments.

Figure 6.40 (a) Buccal view of the positioning of the

Avadent conversion denture over the temporary

copings. (b) Occlusal view of the positioning of the

Avadent conversion denture over the temporary

copings. (c) The occlusion guiding the position of the

conversion denture. (d) Buccal view of the conversion

denture in occlusion.

Figure 6.41 Autopolymerizing acrylic resin injected

between the channels in the denture and the

temporary copings.

Figure 6.42 Intaglio surface of conversion denture.

Figure 6.43 Sectioning of the struts and separation of

the peripheral section of the denture base from the

immediate fixed CD.

Figure 6.44 Voids between the denture base and

temporary copings are filled with autopolymerizing

resin.

Figure 6.45 Frontal view of the provisional fixed CD.

Figure 6.46 Occlusal view of the provisional fixed CD.

Figure 6.47 (a) Occlusal view of the finalized

provisional fixed CD. (b) Frontal view of definitive

dentures. (c) Frontal view of patient smile.

Figure 6.48 AvaDent implant record device.

Figure 6.49 AvaDent verification jig.

Figure 6.50 Placement of temporary copings for

multi-unit abutments.



Figure 6.51 (a) Flowable composite resin syringed

between the verification jig and the temporary

copings. (b) Flowable composite resin light cured in

place. (c) Verification jig secured to all temporary

copings.

Figure 6.52 (a) Implant record device seated on top

of the verification jig that has been connected to the

multi-unit abutments. (b) Implant record device

seated on top of the verification jig and resting on the

posterior edentulous ridge.

Figure 6.53 Implant record device covered with

modeling base plate wax and coated with impression

adhesive.

Figure 6.54 (a) Heavy-body impression material

placed in the record device. (b) Light-body

impression material expressed around the connected

copings and underneath the verification jig.

Figure 6.55 Use of the opposing provisional denture

to orient the implant record device and capture the

impression at the correct OVD.

Figure 6.56 A Q-tip is used to expose the occlusal

aspect of the temporary copings.

Figure 6.57 (a) Intaglio surface of the impression. (b)

Cameo surface of the impression containing the

verification jig with the connecting temporary

abutments.

Figure 6.58 Interocclusal record between the implant

record device and the opposing provisional denture.

Figure 6.59 (a) Definitive maxillary CD and

mandibular fixed complete denture. (b) Fixed

complete denture showing a milled titanium bar with

pink acrylic resin wrap around. (c) Lingual view of



the definitive mandibular fixed complete denture. (d)

Intaglio surface of the mandibular fixed complete

denture.

Figure 6.60 (a) Frontal view of the placement of the

definitive denture and mandibular fixed CD. (b)

Frontal view of patient smile.

Figure 6.61 Definitive cast scanned in a high-speed

scanner.

Figure 6.62 Determination of the desired path of

insertion of the virtual cast

Figure 6.63 Blocking out of the undercuts

Figure 6.64 Design of the relief area and retention

grids

Figure 6.65 Addition of the major connector.

Figure 6.66 Outline of the minor connectors

Figure 6.67 Addition of clasp to the design

Figure 6.68 Placement of the finish lines followed by

sculpting and contouring of the digital wax.

Figure 6.69 Virtual cast is inspected for internal

finish lines

Figure 6.70 (a) Addition of cross arch support bars.

(b) Virtual framework designed and ready for

printing.

Figure 6.71 (a) 3D printer. (b) Printing of resin

pattern. (c) Try-in and fitting of the resin pattern.

Figure 6.72 Polished RPD framework

Chapter 7: Digital Implant Surgery

Figure 7.1 Double-scan protocol. (a) Patient scan. (b)

Rx guide scan. (c) Overlapping both scans. (d)



Implant placement driven by Rx guide. (e) Surgical

guide.

Figure 7.2 Single-Scan protocol. CBCT is not

processed by the company. The masks need to be

processed by the user. (a) Digitization of the waxup

model. (b) Panoramic view with virtual implants

placed. (c) 3D reconstruction. (d) Different masks for

bone, teeth, and implants. (e) Different mask for

bone, teeth, and digital waxup. (f) Different mask for

bone, teeth, and implants.

Figure 7.3 Screen shot of single-scan system

software. In this particular case, the waxup has been

digitized (STL files) and is overlapping the CBCT

(DICOM files) on the 3D view.

Figure 7.4 Stereolithographic surgical guide with

eight sleeves (5 mm) and three fixations pins on the

buccal aspect of the guide.

Figure 7.5 Laboratory made surgical guide. (a)

Surgical guide is made on the master cast. (b) Good

fitting in the patient mouth.

Figure 7.6 Printed model and printed surgical guide.

(a) Printed model with teeth, soft tissue, and bone.

(b) Printed surgical guide and printed model.

Figure 7.7 Types of guided surgery templates. (a)

Bone-supported. (b) Mucosa-supported. (c) Teeth-

supported.

Figure 7.8 Outcome variables. (a) Deviation at the

entry point of the implant or cavity. (b) Deviation at

the apex of the implant or cavity; (α) Deviation of the

axis of the cavity or implant; (y) Deviation in

height/depth. Blue: planned/red: performed.



Figure 7.9 Pettersson et al., (2010). (Figure 4, page

533. Reproduced with permission of John Wiley &

Sons, Inc.)

Figure 7.10 Technique described by Fortin (2006). (a)

Implants are placed using guided surgery to avoid a

sinus elevation procedure. (b) A bone recipient site

close to and parallel to the sinus wall is prepared to

avoid bone augmentation.

Figure 7.11 Single-scan systems. (a) Step 1. The

master cast represents the patient situation and is

the basis for the production of the scan and surgical

guide. (b) Step 2. The scan guide contains

information about the desired prosthetic outcome in

the form of radiopaque teeth (visible in CT/CBCT

scan). The scan guide is connected to a plate

containing reference landmarks (in this particular

example three pins) in order to ensure the link

between digital implant planning and surgical guide

fabrication. (c) Step 3. The patient is scanned

wearing the scan guide with a commercially available

3D CT/CBCT scanner. (d) Step 4. The user can import

the 3D dataset (DICOM) directly into the planning

software. The implant is positioned with respect to

the patient's anatomy and the desired prosthetic

outcome. After completion of the implant planning,

the software provides the plan for surgical guide

production (Laboratory-based, milled or printed) and

the surgical plan for the guided surgery kit

(explaining step by step the drilling sequence). (e)

Step 5. The surgical guide is produced according to

the guide plan provided by the planning software.

The surgical guide contains the surgical sleeves that

guide the surgical instruments and the implant.



Figure 7.13 Surgical procedure. (a) Clinical and

radiographic examination precedes every implant

treatment procedure. (b) In this particular case, an

atraumatic extraction with simultaneous implant

placement is performed. (c) The surgical guide,

fabricated with the help of the software Sicat, is

inserted. (d) For the osteotomy, the company provides

the sequence of drills that needs to be used. (e) Each

drill is inserted through the hole of a drill handle that

has a matching diameter. (f) After the drilling

process, the surgical guide is kept in place. (g) A

partially guided implant placement, without a handle,

is performed. (h) The implant is placed in the

prosthetically desired position. (i) The gap between

the buccal bone and the implant surface is filled with

a xenograft. (j) A provisional crown fabricated before

implant placement is delivered immediately after

surgery.

Figure 7.14 Flapless placement and immediate

restoration of a single implant. (a) Patient presents

with a congenitally missing left lateral incisor. (b) A

laboratory-based radiographic guide with 3 reference

pins in the plate is used (templiXTM). (c) Bone volume

is assessed. A 3.3 x 12 mm bone level implant is

selected. (d) By using a computer-aided surgery

software, the implant is digitally placed in reference

to the position of the final restoration and the crestal

bone. (e) A laboratory-made surgical guide is used to

drive implant placement. (f) A flapless approach is

selected and a soft tissue pouch removed with a

specific instrument present in the Straumann®

guided surgery cassette. (g) An osteotomy is created

by drilling through the drill handles and the metallic

sleeves present in the surgical guide. (h) The implant

placement is fully guided by using a special transfer



piece with reference lines. (i) The final crown is

delivered the same day of the implant placement. A

connective tissue graft is sutured in place to

compensate the horizontal defect at the level of the

lateral. (j) Healing after 4 weeks shows adequate

papilla fill in the interproximal areas.

Figure 7.15 Immediate placement and restoration of

single implant. (a) Patient presents with chief

complaint: “I want a solution for the infection that I

have in my tooth, and I don't want to have a hole”.

His esthetic expectations are high. (b) The right first

premolar needs to be extracted for restorative

reasons. (c) A special plate with radiopaque

landmarks is used for the radiographic guide. (d) 3D

reconstruction of the patient's maxillary bone and

implant. (e) SICAT surgical software planning is used

for virtual implant placement. (f) Presurgical

intraoral view. (g) After an atraumatic extraction, the

buccal bone integrity is verified and an immediate

implant placement performed with guided surgery.

(h) A 4.1 × 12 mm implant (Klockner®) is fully guided

through the 5 mm sleeve. (i) After implant placement,

a prefabricated provisional crown is delivered. (j)

Final restoration at the 2-year follow-up. (k) The soft

tissue and the color of the crown are in excellent

harmony with the natural dentition. (l) A 2-year

postoperative CBCT shows maintenance of the buccal

bone.

Figure 7.16 Guided placement and immediate loading

of implants in edentulous maxilla. (a) The patient

presents wearing an acrylic RPD. She wants a fixed

restoration. (b) The future implant position is planned

in the diagnostic and treatment planning phase. (c)

The validated initial setup is used as a guide for the

fabrication of the radiographic guide. A bite plate



with fiducial markers is bonded to the barium sulfate

teeth. (d) After CBCTs were obtained, SICAT Planning

Software was used for implant virtual placement. (e)

Surgical guide fabricated by the manufacturer

(SICAT GmbH & Co. KG Brunnenalle, Bonn,

Germany). (f) Before surgery, the diagnostic cast is

modified. Using the surgical guide, for the placement

of implant analogs. (g) Eight provisional abutments

were placed on top of the analogs. (h) Self-

polymerizing (New Outline®, anaxdent GmbH,

Stuttgart, Germany) was used for the fabrication of a

provisional full-mouth restoration. (i) Due to the

limited bone availability, a full-thickness flap needed

to be reflected. (j) Eight implants were placed in the

maxilla and five in the mandible in the same surgery,

using the computer-aided surgery guide. (k) After

some adjustments, the full-mouth provisional

restoration is screwed on top of the eight implants. (l)

Postsurgical panoramic radiograph taken after

delivery of the temporary prosthesis. Note the small

implant/abutment misfit. This expected prosthetic

complication was corrected by means of

postoperative adjustments to the temporary

provisional.

Chapter 8: Digital Design and Manufacture of Implant

Abutments

Figure 8.1 A titanium prefabricated abutment

designed for an implant with an external connection.

Note the gold abutment screw that is used to retain

the abutment and the impression coping used to

make an impression from the head of the implant.

Figure 8.2 A Gold Adapt (NobelBiocare) custom

abutment and retaining screw, before fabrication.

Figure 8.3 An example of a Nobel Biocare Scan Body.



Figure 8.4 (a) Occlusal view of scanned master cast

and the design of CAD/CAM custom abutments.

White color represents the location of implants and

abutments are in green. (b) Frontal view of scanned

master cast and abutments design.

Figure 8.5 (a) Scanned mandibular cast and design of

custom abutment on the first molar. (b) Articulated

digital casts with a superimposed scan of the

provisional restoration. This will allow for the design

of a custom abutment within the confines of the

provisional restoration and the available space. In

this figure, maxillary anterior custom abutments are

shown. (c) Designed mandibular custom abutment is

shown. (d) Frontal view of designed abutments with a

superimposed scan of the provisional restoration.

Figure 8.6 (a) Occlusal view of milled ATLANTIS

abutments fabricated by DENTSPLY Implants. The

abutments are coated with TiN to give gold shading.

(b) Lateral view of ATLANTIS custom abutments. (c)

Try-in of abutments in the mouth.

Figure 8.7 (a) Occlusal view of metal ceramic-

restorations fabricated on the master cast. (b) Frontal

view of restorations inserted in the mouth.

Figure 8.8 (a) Custom abutments designed using

NobelProcera system. (b) Final prosthesis cemented

on NobelProcera abutments.

Figure 8.9 (a) Occlusal view of free form milled bar

fabricated using NobelProcera system. (b) Frontal

view of the final prosthesis retained on the

substructure using lateral retaining screws.

Figure 8.10 (a) Frontal view of master cast that is

scanned into NobelProcera software to design an

implant-retained bar. (b) Occlusal view of master cast



that is scanned into NobelProcera software to design

an implant-retained bar. (c) Waxup of final prosthesis

is scanned into NobelProcera software (frontal view).

(d) Virtual abutments are placed on the virtual

master cast (frontal view). (e) Virtual abutments are

placed on the virtual master cast (occlusal view). (f)

Virtual bar is designed (frontal view). (g) Virtual bar

is designed (occlusal view). (h) Waxup is

superimposed on top of the designed bar to evaluate

space available for restorative material (frontal view).

(i) Waxup is superimposed on top of the designed bar

to evaluate space available for restorative material

(occlusal view).

Figure 8.11 The Encode healing abutment (Biomet

3I).

Chapter 9: Digital Applications in Endodontics

Figure 9.1 Traditional (a) and CBCT (b) radiographs

of maxillary left first molar with previous endodontic

treatment and a separated instrument in the MB

canal. Note that the CBCT image showed a large

periapical lesion that the periapical radiograph did

not show. Root end surgery confirmed that there was

a thick cortical plate of bone and a lesion present in

the medullary bone. (c) and (d): Show two angles

using periapical radiography that suggest a missed

MB2 canal and a periapical lesion. (e) CBCT confirms

that a missed canal and a lesion existed and shows

their location and extent (arrows). (f) Completed

retreatment of MB1 and MB2.

Figure 9.2 (a) Typical MRI image of posterior teeth

and surrounding tissues, showing contrast for

different tissues but low resolution to discern dentin

and pulp detail. (b) SWIFT-MRI shown in comparison

with traditional radiography and CBCT. The



photograph depicts the maxillary teeth that are also

imaged with a traditional two-dimensional radiograph

used to detect interproximal caries. The dotted lines,

represented by a, b, c, and d, correlate with the

cross-sectional CBCT and SWIFT images at those

levels, from more superior closer to the root tip

moving inferiorly to the crown of the teeth. Note the

higher resolution for SWIFT-MRI (FOV diameter of

110 mm and an isotropic voxel size of 430) and the

lack of streaking artifacts associated with metallic

restoration that are present in CBCT.

Figure 9.3 (a) Ultrasonic instruments of varying types

and sizes for different purposes. Preoperative (b, c)

and Postoperative radiographs (d) of a retreatment

case that required the used of several of these

ultrasonic tips in removing the composite and the

post through the existing crown, without disrupting

the crown. (e) Six month recall shows healing.

Figure 9.4 Wave One reciprocating motor and

instruments.

Figure 9.5 Comparison of traditional (b) and small

head (a) handpieces holding 25 mm Vortex files of the

same size that have a small shank. Only 22.5 mm of

the file on the right is available for use.

Figure 9.6 (a) Set up of the SAF instrument with the

irrigation syringe. (b) Close-up of the attachment of

the SAF to the handpiece and the irrigation tube. (c)

The SAF lattice structure.

Chapter 10: From Traditional to Contemporary: Imaging

Techniques for Orthodontic Diagnosis, Treatment

Planning, and Outcome Assessment

Figure 10.1 Traditional cephalometric analysis in two

dimensions.



Figure 10.2 (a) On the periapical radiograph, the first

premolar appears to have a malformed root. (b) The

CBCT image (coronal slice) reveals that the premolar

has a significant palatal angulation.

Figure 10.3 Cone-beam CT image of a palatally

impacted canine. (a) Maxillary reconstruction. (b)

Axial view. (c) Sagittal view.

Figure 10.4 CBCT image revealing resorption of the

lateral incisor root, caused by the erupting

permanent canine. (a) Facial reconstruction. (b)

Sagittal view of the affected area.

Figure 10.5 Cortical bone thickness measurements at

different areas.

Figure 10.6 Interproximal placement of a temporary

anchorage device (TAD).

Figure 10.7 Superimposition of CBCT images in a

patient undergoing orthopedic palatal expansion.

Figure 10.8 (a) CBCT image of a patient requiring

mandibular reconstruction surgery. (b) Virtual design

and fabrication of acrylic model.

Figure 10.9 CBCT image of a normal TMJ. (a) Coronal

view. (b) Sagittal view. (c) Axial view.

Figure 10.10 Axial and sagittal view of the airway

created from a CBCT image. Contemporary software

allows for digital measurements of the airway

dimensions.

Figure 10.11 3D facial image of a subject. The image

can be rotated in different direction (right image) and

measures recorded.

Figure 10.12 Markers are secured to specific facial

landmarks. Subjects are instructed to perform


