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Abstract: The introduction of digital dentistry and CAD/CAM technology has redefined treatment
concepts in implant dentistry—computer guided implant placement has become routine practice,
and CAD/CAM prostheses are now commonplace. These advances in treatment options and
modalities has led to a paradigm shift in the workflow of surgical and restorative treatments. This case
report presents a customized staged treatment protocol that involves the strategic retention of teeth
to serve as transitional abutments, which will support a computer guided implant surgical guide as
well as a fixed interim prosthesis. The treatment protocol also describes an integrated digital and
conventional workflow for full mouth implant-supported fixed prosthetic rehabilitations to provide
improved patient care with more predictable outcomes and fewer complications.
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1. Introduction

The challenges involved in the treatment of completely edentulous patients with fixed implant
rehabilitations have been reported in the literature [1-4]. Inadequate surgical and restorative planning
can result in both biological and prosthetic failures. A thorough analysis of the available prosthetic
space, as well as an evaluation of the functional and esthetic parameters through a diagnostic wax up are
critical steps in planning the position and angulation of implants. Advances in three-dimensional (3D)
imaging technology and digital scanners have allowed for better visualization of anatomic structures
and improved precision and accuracy for implant placement [5-8]. By merging the DICOM data from
CT scans of edentulous arches and STL files from a digital scan of a diagnostic prototype, implant
placement can be virtually planned in relation to the final prosthesis in 3D software [9,10]. A surgical
template is then fabricated according to the virtual plan by the placement of surgical guide sleeves [11].
The clinical viability of using computer-guided surgery has been investigated and has become a routine
practice in implant dentistry [12]. The advantages of a computer guided surgical protocol are manifold:
It serves as a tool for preoperative analysis, provides for predictable implant positioning, allows
optimal utilization of existing bone with minimum bone augmentation, and facilitates the possibility
of a flapless approach [13,14].
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Once the implants are placed in prosthetically idealized positions based on the guided surgical
planning, the restorative phase is greatly simplified as the appropriate prosthetic space as well
as implant access hole locations have been virtually pre-verified. The combination of CAD-CAM
technology with computer guided implant surgery not only simplifies the treatment protocol, but can
also enhance the final prosthetic outcome [15,16].

The transitional period from a provisional to a definitive prosthesis during a complete mouth
implant reconstruction presents a challenge for clinicians and patients, alike. Unexpected procedural
complexities may hamper the clinician’s progress, and patients may experience difficulty in accepting
and adapting to prosthetic changes. Various techniques have been applied to facilitate this transition
including the use of removable dentures and provisional mini-implants, as well as immediate implant
loading protocols to reduce the treatment duration and enhance the patient experience [17-22].
A staged approach, in which questionable or hopeless dentition are retained as transitional abutments,
has been considered beneficial for easing the transition from the provisional stage to the final
restoration. This approach involves strategic extractions, implant placement, tooth-supported fixed
interim prostheses, and strategic timing of implant loading and restoration [23-25]. One major
advantage of employing a staged approach is the presence of a fixed provisional throughout the entire
treatment period; hence, implants are protected from premature loading and patient acceptance is
increased [26,27]. An additional clinical benefit of a staged approach is that the abutments can serve to
support both the radiographic and surgical templates in a stable and repeatable position—a simpler
alternative to the traditional horizontal fixation pins used to stabilize soft/hard tissue-borne templates.

The aim of this clinical report is to describe an integrated digital and conventional treatment
workflow in the management of a fixed implant-supported complete mouth rehabilitation. A staged
treatment approach was utilized in conjunction with computer guided implant placement, and definitive
prostheses were fabricated using CAD/CAM titanium abutments and monolithic zirconia prostheses.
Before starting the treatment, the subject gave her informed consent that records of the case would be
available for teaching purposes, including scientific publication.

2. Case Presentation

2.1. Diagnostic Phase

A 77-year-old female patient presented to the Advanced Graduate Education Prosthodontics clinic
at Harvard Dental Center with the chief complaint of “I would like to chew and smile.” The patient
requested fixed restorations and expressed a desire to avoid wearing removable prostheses during
her treatment. The patient’s medical history was non-contributory to any dental treatment with
normal vital signs and a reported allergy to penicillin. The initial comprehensive clinical (Figure 1A)
and radiographic (Figure 1B) examination revealed partial edentulism with defective restorations,
inadequate occlusal plane and loss of unilateral posterior support. The patient’s remaining teeth
presented with poor to guarded prognoses involving advanced periodontal disease, caries, and Miller’s
class III mobility.

(A) (B)

Figure 1. Initial examination. (A) Clinical presentation. (B) Panoramic radiograph.
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Following a discussion of the benefits, risks and alternative treatment options, the patient consented
to maxillary and mandibular fixed implant-supported rehabilitation. Based on the patient’s existing
anatomy, the planned prosthetic design, and biomechanical prosthodontic principles, eight implants
were planned in the maxillary arch, and six were planned in the mandibular arch. The treatment
goals were to restore form, function, and esthetics while maintaining the patient in fixed prostheses
throughout the entire treatment period.

2.2. Foundational Phase: Elimination of Active Disease, Extraction and Fixed Provisional Prosthesis

The first phase of treatment consisted of oral hygiene instruction and elimination of active disease,
strategic extraction of teeth and fixed provisionalization. Eight implants were planned in the maxilla
at the positions of the lateral incisors, canines, first premolars and first molars, and six implants were
planned in the mandible in the areas of the canines, first premolars and first molars. Extraction sites
were determined based on the planned implant positions while the remaining abutment teeth were
kept to support a fixed provisional as well as the computer guided surgical template during the implant
surgical phase (Figure 2A,B). Following the strategic extractions, lab-processed tooth-supported fixed
provisional prostheses (Figure 2C,D) were placed and relined with auto-polymerizing acrylic resin
(Alike; GC America Inc, Alsip, IL, USA).

©

Figure 2. Strategic extraction and tooth-supported fixed provisional prosthesis. (A) Maxillary view after
strategic extraction. (B) Mandibular view. (C) Maxillary view with tooth-supported fixed provisional
prosthesis. (D) Mandibular view.

2.3. Surgical Phase: Virtual Planning of Implant Placement and Computer Guided Surgery

The second phase of treatment involved an integrated digital and conventional workflow for guided
implant surgical intervention. Eight weeks after the extractions, radiographic guides were fabricated by
duplicating the provisional restorations in a radiopaque acrylic and affixing them to templiX reference
plates (Straumann USA, LLC, Andover, MA, USA). Computerized tomography (CT) scans were taken
with the patient wearing the radiographic guides stabilized on the transitional abutments. The implant
positions were virtually planned in relation to the hard and soft tissue architecture and the planned
prostheses (Figure 3A,B) with virtual implant planning software (coDiagnostiX. Straumann USA,
LLC, Andover, MA, USA). Based on the virtual planning, the radiographic guides were converted
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into surgical templates (Straumann USA, LLC, Andover, MA, USA). During the pre-operative visit,
the accurate seating of the surgical templates on the transitional abutment teeth was confirmed and
irrigation holes were made. The implants were placed as planned following the manufacturer’s
recommended surgical protocol and guided surgery instrumentation (Straumann USA, LLC, Andover,
MA, USA) (Figure 4A-D).

(A) (B)

Figure 4. Computer-guided implant surgery. (A) Maxillary surgical template with guided mounts.
(B) Mandibular surgical template with fixation pins. (C) Implants placed in the maxilla following
guided surgical protocols. (D) Mandibular view.

2.4. Restorative Phase: Second Strategic Extraction and Conversion of Provisional Prostheses with Integrated
Digital Workflow

After a three-month healing period, the transitional teeth abutments were extracted (Figure 5A,B).
The tooth-supported provisional restorations were converted into screw-retained implant-supported
provisional prostheses and the soft tissue around the pontic areas were contoured with an ovate pontic
design (Figure 5C).
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Figure 5. Second stage strategic extraction and conversion of fixed provisional prosthesis. Extraction of
remaining abutment teeth. (A) Maxillary view. (B) Mandibular view. (C) Converted implant-supported
provisional prosthesis.

During the definitive restorative phase, maxillary and mandibular implant level impressions
were made with silicone impression material (Aquasil, Dentsply International Inc., York, PA, USA)
using an open tray impression technique. The master casts and the existing provisional casts were
scanned and superimposed, allowing for the virtual designing of the abutments and zirconia prostheses
(Figure 6A,C). CAD/CAM titanium abutments were fabricated for all the implants (Titanium grade 4,
CARES Abutments, Straumann USA, LLC, Andover, MA, USA) (Figure 6B,D). Full contour prototypes
(ZCAD Temp Fix, Harvest Dental, Brea, CA, USA) were duplicated and milled based on the scan of the
existing provisional restorations. The prototypes were used to evaluate marginal fit and passivity, as
well as to verify proper occlusion. Occlusal interferences were eliminated to achieve mutually protected
occlusion. Gingival embrasures and pontic areas were adjusted to ensure adequate accessibility and
contours for cleansability. (Figure 7A). The verified prototypes were re-scanned and served as a
blueprint for fabrication of the definitive anterior zirconia frameworks (Katana Zirconia, Kuraray
Noritake Dental Inc. Miyoshi, Aichi, Japan) as well as the posterior full contour monolithic zirconia
restorations (Katana Zirconia HT, Kuraray Noritake Dental Inc. Miyoshi, Aichi, Japan). Once fabricated,
the anterior zirconia frameworks and posterior full contour crowns were clinically and radiographically
evaluated to confirm acceptable fit (Figure 7B). The anterior zirconia frameworks were veneered with
porcelain (Cerabien ZR (CZR), Kuraray Noritake Dental Inc. Miyoshi, Aichi, Japan). The segmented
definitive prostheses were delivered with self-adhesive universal resin cement (Rely X Unicem, 3M
ESPE, St. Paul, MN, USA) (Figure 8A,B). The patient was educated in proper hygiene protocols for the
final prostheses, and an occlusal appliance was delivered to minimize attritive wear of the prostheses.

(A)

Figure 6. Cont.
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Figure 6. CAD/CAM custom titanium abutments. (A) Virtual design of abutments with scanned wax
up of definitive prosthesis. (B) Intraoral try-in of CAD/CAM custom titanium abutments. (C) Virtual
design of abutments. (D) Intraoral try-in of CAD/CAM custom titanium abutments.

(B)

Figure 7. Verification of prototypes and milling of zirconia after re-scanning. (A) PMMA prototype.
(B) Anterior milled zirconia framework and posterior monolithic zirconia.

(A) (B)

Figure 8. Definitive prosthesis. (A) Intraoral view. (B) Panoramic radiograph.

3. Discussion

In this case, the transition from failing dentition to a fixed implant-supported complete rehabilitation
was accomplished in several phases: Strategic extraction, virtual implant planning, computer guided
surgery, and CAD/CAM prosthesis fabrication. Despite advances in the computer guided surgical
technology, inaccuracies can accumulate from all stages of the workflow—from CT data acquisition,
and data manipulation, to imprecision in the seating of the surgical template. Horizontal fixation pins
are commonly used in computer guided implant systems treating edentulous arches. In such cases,
however, the reproducible seating of the radiographic guide and surgical template can be a challenge
due to the nature of mucosa-borne guided surgery. In the present case, the utilization of transitional
tooth abutments allowed for reproducible and accurate positioning of the radiographic and surgical
guides. Another benefit of strategically keeping transitional abutments is that quadrilateral positioning
of transitional tooth abutments allows for fixed provisional prostheses and uninterrupted healing of
the implants.
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In the final restorative phase, the integration of digital technology with conventional prosthodontic
techniques allowed for a customized treatment protocol. The use of a digital impression system
for a single implant restoration has been found to be more efficient than conventional impression
techniques [28]. However, a conventional impression technique was utilized in this case because the
accuracy and precision of intraoral digital scanning for full arch fixture level impressions has not been
demonstrated. CAD/CAM technology was utilized to design the abutments and fabricate the final
prostheses. Virtual superimposition and duplication of an idealized prototype facilitates predictable
outcomes by improving prosthesis accuracy, ensuring passive fit, and transferring a verified occlusal
scheme from the provisional stage to the final restorative phase.

With the introduction of novel digital technology into the field of dentistry, it is necessary to
determine the ideal combination of a digital and conventional workflow based on the stages of
treatment. In our proposed protocol, the overall workflow can be largely divided into three phases
consisting of integrated conventional and digital techniques. Phase 1 is a diagnostic and preparatory
phase wherein conventional techniques are used to set the foundation for future surgical and restorative
interventions. The end result of this phase is an idealized provisional restoration on transitional tooth
abutments. Phase 2 consists of a conventional conversion of the provisional to a radiographic stent,
and a digital planning and subsequent guided placement of the implant fixtures. Finally, in phase 3,
a conventional technique is utilized for the final impressions of the implants, while a predominantly
digital protocol is utilized to arrive at the final prostheses (Figure 9).

Overall grated digital and c ional workflow / Protocol : Applied to complete mouth implant-supported fixed rehabilitation
Diagnosis & Treatment planning Duplication of ideal tooth abutment provisional Impression
Clinical examination

Diagnostic impression
Diagnostic wax-up
Try-in of set-up / wax-up

|euonuaAuo)

Conversion of provisional to Jaw Relation

Radiographic Guide
Provisional restorations
Phase 1: Phase 2: Phase 3:
Diagnostic data collection ﬁ Digital/ Conventional Integ d ’ Definitive Prostheses
& management Guided Surgical Treatment Digital workflow

| CBCT I | Digital Proithodontics |
l | CADCAM abutments design & production I

|
=] | S beinbonins I | Digital restoyative design |

xR,

§ | }
I CADCAM generated Prototype |

| Surgical template I |
l | Scanning & provisionarcopy milled prototype |

T

— Milling full contour'monolithic zirconia
| Guided implant surgery I restoration and zirconia framework

Figure 9. Overall workflow of integrated digital and conventional protocol applied to full mouth
implant-supported fixed rehabilitation.

A systematic review of implant supported fixed prostheses reported complications such as the
fracture of resin teeth or frameworks, material wear, and veneer chipping or fracture [29]. The use of
monolithic zirconia eliminates the problem of veneer chipping and reduces the risk of fracture [30,31].
The wear properties of CAD/CAM monolithic zirconia materials have proven to be more favorable
than those of feldspathic veneering porcelain, which has been traditionally used in dentistry [32,33].
However, chairside adjustments with diamond burs may introduce microfractures and roughen the
surface of zirconia restorations [34,35]. In the present case report, CAD/CAM technology was utilized
in the duplication of an idealized acrylic prototype into the definitive zirconia restorations, which
minimized chair-side adjustments of the final prostheses and allowed a direct transfer of the verified
occlusal scheme developed in the provisional phase.
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The overall expected prognosis of the presented treatment is considered good with patient compliance
in the wearing of an occlusal guard and following a proper recall and maintenance regimen.

4. Conclusions

With adequate planning and proper execution, a phased computer-guided implant surgical
protocol and CAD/CAM technology can bring accuracy, efficiency, and predictability to complex
full-mouth implant rehabilitation cases. Understanding the limitations of conventional and digital
dentistry will allow the clinician to create a synergistic integration of processes from both realms to
optimize the management of complex and challenging treatments.
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