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INTRODUCTION
plasty, need for grafting, position and
Patients who present with partial or
angulation of implants, and implant
fully edentulous clinical presentations
length and width, bone density, and
for dental implant reconstruction offer
much more (Figure 3). A CBCT scan can
unique challenges for both the implant
also be utilized to create a surgical
surgeon and restorative practitioner.
guide or bone reduction guide.1 Even if
The task of restoring any edentate area
a guide is not utilized, a CBCT scan can
requires a complete understanding of
be a major advantage in achieving sureach patient’s individual anatomy to
gical success.1-4
identify vital structures, volume of
When treatment planning an imbone, avoid complications, and maxiplant supported tooth replacement for a
mize success. There are many choices
dental arch, the clinician must initially
and options for the surgeon, restora- Figure 1. The Prettau Zirconia screw-retained CAD/CAM
determine how far distally the prosthettive clinician, patient, and dental labo- Implant Bridge (Zirconzahn USA).
ic teeth will be positioned.5,6 This is a
starting point of both treatment planratory team to review and accept prior
ning and the informed consent process,
to the scalpel being used. These choices
and a detailed discussion with the
should, therefore, be based on the
patient with respect to aesthetics, chewdesired prosthetic outcome in order to
ing ability and comfort is required.
achieve true restoratively driven imOftentimes sinus grafting, ridge augplant reconstruction. Perhaps the most
mentation, nerve repositioning, or an
important treatment planning concept
involves the ultimate design of the
increased number of implants are needfinal implant-supported prosthesis, as
ed to gain first or second molar occluit will dictate the required number of
sion on the maxillary or mandibular
implants to achieve the desired occlu- Figure 2. A diagnostic wax-up of a patient’s denture can show arch.7 Many patients can live comfortsion, proper implant positioning, cost the prosthetic space on a cone beam computed tomography
ably with first molar occlusion or even
(CBCT) scan.
to the clinician and patient, and prossecond premolar occlusion. The shortthetic longevity.
ened dental arch concept is supported in
the dental literature as a viable treatment
Recent advances in dental materials,
Treatment Planning Considerations:
option.8 It is the authors’ experience that
innovative computer-aided design/computCAD/CAM Full-Arch Screw-Retained
once a patient is offered the option of a shorter-aided manufacturing (CAD/CAM) techImplant Prosthetics
nology, and 3-dimensional (3-D) imaging Each case presentation requires a standard ened dental arch versus the additional surgicoupled with interactive treatment plan- diagnostic protocol to ensure a proper un- cal procedures and expense to gain additionning concepts have provided clinicians derstanding of the patient’s existing anato- al teeth, the shortened dental arch is often
with new predictable alternatives for their my, occlusal requirements, interarch space, chosen. The concept of placing implants
patients. This article will highlight the available bone, phonetics, and functional between the maxillary sinuses or interCAD/CAM zirconia screw-retained implant and aesthetic needs. Initial periapical or foraminally with bilateral distal cantilevers
bridge, a prosthetic choice that the authors panoramic radiographs, intraoral impres- is well established in the literature.9 The
feel offers many advantages over conven- sions, articulated casts, and preoperative number of implants that can be treatment
tional hybrid-type implant supported photographs should be an essential part of planned varies based upon clinical limitarestorations (Figure 1). Treatment planning data collection. A major component of pre- tions and whether implants will be placed in
protocols, and surgical, prosthetic, and lab- surgical treatment planning is utilization a conventional parallel relationship, or tiltoratory steps required to fabricate a of cone beam computed tomography ed in an off-angled position (Figure 4).10 The
CAD/CAM zirconia screw-retained implant (CBCT). Ideally, a diagnostic wax-up or a distal most implants in both arches can be
bridge will be illustrated.
duplicate of the patient’s denture can be tilted distally to increase the anterior posteIn this article, the zirconia screw- utilized during the scan acquisition to rior spread.11 Consideration of the amount
retained option will be compared to the determine the tooth position versus the of angulation of the distal most implants
other implant supported options available, underlying bone (Figure 2). Additionally, must be had with respect to shear forces on
and the background of zirconia as a materi- the CBCT scan can offer essential informa- the implants. The amount of prosthetic cancontinued on page xx
al will be discussed.
tion with regards to the amount of alveolo-
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tilever that is clinically acceptable is
dependent on the anterior/posterior
spread and arch form. The patient’s
interarch space must be sufficient
enough to allow for adequate prosthetic space and material thickness.12
Misch13 classifies a fixed-type restoration designed with increased
prosthetic space as an “FP3” prosthesis. In order to increase interarch
space and create adequate width for
implant placement, it may be necessary to remove vertical bone height. A
patient who has lost bone or has had
bone surgically reduced through alveoloplasty will present with an increased interarch space. Additionally,
an FP3 prosthesis often requires prosthetic replacement of the gingival tissue (Figure 5). Once gingival tissue
replacement is a planned option, the
clinician must be cognitive of the lip
position in relation to the smile-line.
Ideally, the junction between the prosthetic flange and natural gingival area
should be covered by the patient’s lip
when smiling. This requires adequate
presurgical prosthetic based planning
and coordination.14
Prosthetic Options For
Implant Supported Full-Arch Tooth
Replacement
There are 5 full arch implant-supported prosthetic options to replace patients’ teeth: an implant overdenture,
a cement retained bridge, an acrylic
fused to metal hybrid screw-retained
bridge, a PFM hybrid screw-retained
bridge, and a zirconia screw-retained
bridge.15
Implant Overdentures—An implantsupported overdenture has the advantage of replacing a patient’s teeth with
more lenient implant placement positions compared to the other alternative prosthetic choices. The implant
denture often allows for masking of
implant positions.16 Another advantage of an overdenture prosthesis is
that second molar occlusion can be
obtained if there is enough prosthetic
space. The major disadvantage of any
overdenture choice is that it is removable and offers the patient a less-thannatural tooth replacement option
when compared to fixed-type alternatives. The use of an overdenture bar
can reduce stress placed on the
implants versus a nonsplinted tissue
supported option. The bar splints the
implants and offers greater stability
for the prosthesis and implants.17
With a nonsplinted tissue-supported
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Figure 3. A CBCT scan can offer much
valuable information for surgical and
prosthetic planning.

Figure 4. Panoramic radiograph showing implants placed between the maxillary sinuses and
mental foramens.

Figure 5. A CAD/CAM zirconia screw-retained
bridge example of an FP3 prosthesis,
replacing a patient’s gingival and tooth areas.

Figure 6. A fractured hybrid bridge, showing
the susceptibility of acrylic to a patient’s
normal chewing habits.

Figure 7. A CAD/CAM Prettau Zirconia
screw-retained bridge.

Figure 8. Prettau Zirconia CAD/CAM bridge,
showing screw holes that are impervious to
chipping because of zirconia’s physical
properties.

overdenture, dental implants have
greater stress on them, and the prosthesis is not as stable due to increased
soft-tissue support and subsequent
changes that occur over time.

which add additional time and expense for the patient. An advantage of
a cement-retained implant bridge is
the reduced stress from potential casting distortion as the cement can make
up for any errors in the casting process.19 A cement-retained restoration
also offers the advantage of an intact
occlusal surface that is less prone to
chipping.20 Fabrication through
CAD/CAM milling eliminates casting
distortions and has become much
more prevalent as dental laboratories
adopt this technology either on-site or
outsource the processing.
Hybrid Bridges—The acrylic screwretained hybrid type prosthesis offers
the advantage of being a nonremovable prosthesis allowing a cantilever
design requiring 15 to 20 mm of prosthetic space.21 This amount of prosthetic space is necessary to allow adequate thickness for metal and acrylic.
The significant prosthetic space re-

Cement-Retained Implant-Supported
Porcelain-Fused-to-Metal/Porcelain-Fusedto-Zirconia Bridges—The utilization of a

cement-retained PFM or zirconia implant bridge to replace a full-arch dentition can be problematic when cantilevers are part of the design. If the
occlusal stress on a cantilever causes
cement dissociation between the
prosthesis and the distal abutment,
resolution of the problem can be difficult.18 A screw-retained alternative allows for easier access for screw tightening that can remedy any loosening
of the prosthesis and improve retrievability. To obtain distal occlusion
without a cantilever often requires
the placement of additional implants
and/or bone grafting procedures,

quirement can be a challenge to
obtain. Another inherent disadvantage of a hybrid bridge is the historically high rate of acrylic fracture due
in part to the mechanical and chemical challenge to bond acrylic to metal22,23 (Figure 6). Fracture becomes
even more of a problem when a titanium substructure is utilized.24 When
the core structure of a hybrid bridge is
created with a cast metal, casting distortion can create stress on the implants and the prosthesis.25 Acrylic
fractures can often be repaired either
intra- or extraorally by the clinician or
lab technician. Another considerations
with respect to the screw-retained implant hybrid prosthetic option is the
unaesthetic appearance of screw holes
because of the metal core structure
underneath. The screw holes are also a
weak link and a potential point of fracture due to unsupported acrylic. Disadvantages cited for the hybrid bridge
can be overcome with the advent of the
monolithic zirconia CAD/CAM prosthetic alternative.
Porcelain-Fused-to-Metal Screw-Retained Implant Bridges—The PFM screw-

retained option has the potential to be
even more problematic than an acrylic
hybrid option. If porcelain chips or
debonds from the cast metal understructure, it is not easy to repair. This
stands in contrast to the acrylic-fusedto-metal hybrid option, which can be
repaired relatively easily. A ceramometal screw-retained bridge has inherent
casting distortion issues. Large span
bridges oftentimes have casting distortion.26 These casting distortions can
create stress on the implants and stress
on the prosthetic parts and porcelain
veneer. The literature also shows that
firing of porcelain to metal can create
distortion in the prosthetic framework.27 If a chipped prosthesis needs to
continued on page xx
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be repaired after delivery, addition of
porcelain can be problematic, and usually requires intervention by the dental
laboratory.28
CAD/CAM Zirconia Screw-Retained
Bridges—A CAD/CAM zirconia screw-

retained implant bridge negates many
of the problems of the prosthetic
alternatives (Figure 7). The fact that it
is fabricated through a CAD/CAM
protocol and not the lost-wax casting
method helps to resolve any issues
with casting distortion.29 The resulting framework equates to less stress
on the implants and prosthetic parts.
However, passive fit and precision are
dependent on accurate impressions
and verification of the master cast.30
The high modulus of elasticity of zirconia allows for increased implant
stability and cross arch stabilization.31 The resistance to fracture of
yttrium stabilized zirconia and its
transformational toughness, counters
the chipping problems seen with
acrylic or porcelain prosthetic options
(Figure 8). When a prosthesis is fabricated with full-contour zirconia, chipping of the screw access hole or
occlusal areas is almost nonexistent.
The wear studies on opposing teeth
show that polished YTZ-Zirconia
offers less wear than porcelain.32,33
Where space for both metal and
porcelain or acrylic is necessary and
significant for conventional hybrid
designs, due to its monolithic nature,
a CAD/CAM zirconia bridge requires
far less prosthetic space. Depending
on cantilever length, pontic length,
and other factors, a monolithic zirconia bridge requires only 12 to 15 mm
of prosthetic space.34 The success rate
of implant supported screw-retained
zirconia prostheses have been shown
to be as high as 100% for a period of 5
years.35,36
CASE REPORT
Diagnosis and Treatment Planning
A 47-year-old female in good health
presented with multiple missing teeth.
Her remaining maxillary and mandibular teeth had a questionable longterm prognosis. Her existing maxillary
fixed bridge was mobile and was easily
removed by the patient (Figure 9). She
expressed that she did not want a
removable option for tooth replacement, and desired a treatment option
that required the shortest treatment
time and least cost possible.
After proper diagnosis and review
of findings, a treatment plan consist-
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Figure 10. Panoramic radiograph, showing implants placed in
strategic positions between the sinuses and foramen.
Figure 9. Panoramic radiograph showing patients presenting dental
condition of teeth with a questionable long-term prognosis.

Figure 12. CBCT scan image, showing
spacing of maxillary implants.
Figure 13. Healing caps 3 weeks healing
after uncovering.

Figure 11. Mandibular implants, placed with
slight lingual inclination and distal inclination.

Figure 14. Luting together open-tray
impression copings for increased accuracy.

Figure 15. Taking an index impression in wax
denture duplicate so models can be
articulated accurately.

Figure 16. Thermoformed rod-based acrylic
verification jig.

ing of full-arch maxillary and mandibular screw-retained Zirconia
Bridge (Prettau Zirconia [Zirconzahn
USA]). After reviewing the initial
CBCT scan with the patient, it was
determined that an immediate maxillary denture would be utilized after
extractions and implant placement to
accommodate 2-stage healing. For the
mandible, it was determined that a
full-arch fixed acrylic provisional supported by one natural molar tooth and
one immediate loaded implant would
be sufficient during the anticipated 4month healing process. The plan met
the needs and requirements of the
patient and was accepted.
Presurgical workup included full
arch impressions, photographs, bite
records, face-bow transfer, intraoral
radiographs, and CBCT scan (iCAT
[Imaging Sciences International]). An
immediate maxillary denture and a
mandibular metal reinforced provisional were created in advance of the

planned surgical intervention.

plants were then placed in the mandibular symphysis region between the
foramen with an adequate zone of
safety from the inferior alveolar and
mental nerves (Figure 10). It should be
noted that the sixth implant in the
mandible was initially placed to help
support the mandibular fixed provisional, and would only be used for the
definitive restoration if it remained
fully integrated at the time of final
impressions. Enough bone was removed to allow for 12 to 15 mm of
prosthetic space in each arch, and to
support 12-mm long implants.
Implants placed in the maxilla
were positioned so that the screw
access holes would be directed at the
cingulum of the maxillary anterior
teeth and through the occlusal envelope of the premolars. The distal most
implants in the maxilla were tilted
slightly distally to allow for a single
tooth molar cantilever to maximize

Clinical Protocol: Surgery
After local anesthesia (5 carpules of
Lidocaine HCL 2%/Epinephrine
1/100,000 [Cook Waite]) was administered, the remaining maxillary and
mandibular teeth were removed,
except for Tooth No. 31. The CBCT was
taken, postextraction. The scan data
was imported into an interactive treatment planning software (Treatment
Studio [Imaging Sciences International]), and implant receptor sites
were planned for both arches with the
restorative goal in mind. The scan data
provided information with respect to
the amount of potential alveolar reduction required to facilitate implant
placement. The advance planning allowed for one surgical procedure,
decreasing patient morbidity with a
reduction of surgical procedures. Six
implants were placed in the maxillary
arch between the sinuses. Six im-

continued on page xx
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the A-P spread. The
mandibular distal most
implants were placed 3
mm from the mental
foramen with a similar
distal angulation to support a cantilevered first
molar to maximize the Figure 17. Panoramic radiograph of the verification jig.
Figure 18. Acrylic screw retained provisional
bridges that allow verification by the patient
A-P spread (Figure 11).
prior to delivery of the final Prettau Zirconia
The mandibular implants were also
screw retained prosthesis.
placed with a lingual angulation so
that the screw access holes would be
directed toward the lingual surface of
the mandibular teeth. In the mandibular premolar areas, the screw
access holes were directed toward the
occlusal envelope. Mandibular alveolar bone reduction was accomplished
to about half the depth of the extracted tooth sockets, allowing for 12 to 15
mm of prosthetic space required for
the zirconia framework. The CBCT
Figure 21. Close-up image of the Prettau
scan information in combination
CAD/CAM Zirconia Bridge in patient’s mouth.
with clinical observation guided the Figure 20. Acrylic screwparameters for surgical success, al- retained provisional
though a surgical guide was not used prosthesis being scanned to
guide the CAD/CAM final
(Figure 12).
zirconia prosthesis.
After maxillary implant placement cover screws were placed, the
residual tooth socket areas were graft- sequent prosthetic try-in
ed with DFDBA Putty and primary and delivery stages are
closure was obtained with 4-0 Vicryl not impeded by excess
(Ethicon) with continuous interlock- tissue. Surgical reposiing sutures. The immediate denture tioning of the soft tissue Figure 23. Panoramic radiograph showing the Prettau
was then soft relined (COE-SOFT [GC at uncovering, gingivec- Zirconia Implant Bridge. (Note the radioopaque nature of
America]) and delivered. Mandibular tomy, and/or periodontal the prosthesis).
residual socket areas were grafted plastic surgical techwith DFDBA putty after implant niques are often required at times to mandibular right first molar before it
placement and primary closure obtain this 3-mm healing collar limit. was extracted. The mandibular wax
obtained except for the one anterior The soft tissue was then allowed to rim was adjusted to the appropriate
implant that was immediately loaded. heal via secondary intention between vertical dimension, lip support, and
Tooth No. 31 was prepared for a crown the healing caps during a 3-week peri- was then indexed to the implants.
prior to surgery and a metal rein- od (Figure 13).
These indices were then used to relate
forced provisional was delivered, supthe bite registration and correct intraoported by Tooth No. 31 and one anteriImpressions, Indexing,
ral position of the prosthesis to the
or implant. Both the maxillary and
and Verification
articulator. The articulated models
mandibular implants were allowed to After a 3-week period following im- based on the index allowed for a screwintegrate for 4 months.
plant uncovering, adequate healing retained acrylic provisional to be fabriwas observed. The healing collars were cated. From the master model the laboSecond-Stage Implant Uncovering
removed and open-tray impression ratory created a rigid verification jig
After a healing time of 4 months, the transfer copings were placed on each made from a heated acrylic rod and
maxillary and mandibular implants implant. For both the maxillary and powder and liquid acrylic (Figure 16).
were uncovered. Utilizing a lingually mandibular arches, the impression A panoramic radiograph verified seatplaced crestal incision helped to pre- transfer copings were connected with ing of the maxillary and mandibular
serve as much keratinized tissue as a dental floss matrix and then layered verification jigs (Figure 17). An acrylic
possible to wrap around the implants. with dual cure resin (Figure 14). An processed screw-retained provisional
Once all implants were uncovered for open-tray impression was taken using was fabricated for the maxillary and
both maxillary and mandibular arch- a unique cellophane cover tray that mandibular arches and then delivered
es, the available keratinized tissue contained the polyether impression to the patient (Figure 18). These screwwas repositioned toward the facial material. An indexed impression for retained provisionals aided the cliniand securely sutured around the 3- the maxilla was taken utilizing a bite cian to “test drive” the occlusion, phomm titanium healing caps. It is rec- registration material inside the wax netics, midline, etc, on the patient. The
ommended that shorter 3-mm heal- duplicate denture (Figure 15). A special patient wore the screw-retained acrylic
ing collars are utilized so that the sub- wax bite rim was fabricated for the provisionals for 3 weeks (Figure 19).
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Figure 19 Acrylic provisional maxillary
screw-retained prosthesis.

Figure 22. Patient with the Prettau CAD/CAM
Zirconia Bridge.

Figure 24. Tissue side of the Prettau
Zirconia Bridge, showing the convex
(cleansable) areas between interfaces.

The previous immediate dentures and
wax duplicate guided the formation of
the polymethylmethacrylate (PMMA)
provisional prosthesis.
Final Zirconia Prosthesis
Creation and Delivery
Once the doctor and patient approve
the PMMA screw-retained provisional, it is then used as a fabrication guide
for the final zirconia screw-retained
prosthesis. The PMMA was then
scanned in a high-resolution optical
scanner and saved as an stereolithography (STL) CAD file before being sent
back to the doctor (Figure 20). Once
the doctor approves the PMMA provisional, it is duplicated by the laboratory into a CAD/CAM milled final zirconia prosthesis from the STL file. If the
doctor makes changes to the PMMA
during the try-in with the patient,
then an impression is taken of the
changes intraorally. The dental laboratory can combine the changes with
the previous original STL file after
continued on page xx
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scanning the modified model. The
final zirconia prosthesis is then delivered to the patient and the prosthesis
screws are torqued down and covered
with composite (Figures 21 and 22). A
final panoramic radiograph verifies
seating (Figure 23). Titanium abutments are bonded into the underside
of the final zirconia prosthesis as the
interface between the implants and
the prosthesis. The underside of the
prosthesis is convexly shaped between the interfaces to allow for
improved hygiene (Figure 24). One
advantage of zirconia is that the screw
holes blend in aesthetically due to a
lack of bar structure underneath.
Moreover, screw-retained zirconia
bridges are stronger than acrylic or
porcelain prosthetics.
IN SUMMARY
This article has described the rationale, science, treatment planning, surgical, prosthetic, and laboratory steps
necessary to create screw-retained
implant-supported zirconia prostheses. Presurgical prosthetic planning
combining conventional prosthetic
protocols with CBCT imaging, diagnosis, and treatment planning can
allow for adequate cantilevered occlusion without additional grafting in
many cases.
Advantages of zirconia as an implant-supported prosthetic material
have been shown. These advantages
include: lack of casting distortion due
to the CAD/CAM process; highly
reduced chance of chipping compared
to acrylic or porcelain; reduction in
required intra-arch space for prosthesis design; and stronger and improved
aesthetics of screw access hole areas.
The early stages of a denture fabrication and duplicate wax-up provided
the foundation for the subsequent
procedural steps for prosthetic success with monolithic zirconia. Combined technological advances in the
CAD/CAM process, and the specific
zirconia material utilized, demonstrated that the parameters of prosthetic success could be clinically tested when the patient wore an acrylic
screw-retained version of what would
then become the final product.
A full-arch implant-supported zirconia screw-retained prosthesis offers
many advantages over alternative
prosthetic options.!
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