http://jap.or.kr

J Adv Prosthodont 2013;5:209-17

http://dx.doi.org/10.4047/jap.2013.5.2.209

Maxillary cement retained implant supported
monolithic zirconia prosthesis in a full mouth
rehabilitation: a clinical report
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This clinical report presents the reconstruction of a maxillary arch with a cement retained implant supported
fixed prosthesis using a monolithic zirconia generated by CAD/CAM system on eight osseointegrated implants.
The prosthesis was copy milled from an interim prosthesis minimizing occlusal adjustments on the definitive
prosthesis at the time of delivery. Monolithic zirconia provides high esthetics and reduces the number of metal
alloys used in the oral cavity. [J Adv Prosthodont 2013;5:209-17]
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INTRODUCTION

Full mouth reconstruction of an edentulous patient using
osseointegrated implants is a well accepted treatment in
dentistry. The treatment challenges prosthodontists when
vertical and horizontal tissue resorption limits the desired
implant position and prosthesis type. Although some of the
lost tissue may be reestablished, challenges still exist. To
reestablish function, esthetics, and gingival architecture, dif-
ferent material combinations have been employed including
metal alloy-acrylic, metal alloy-composite, metal alloy-
ceramic, and zirconia-ceramic.'

A variety of clinical problems have been reported with
metal alloy-acrylic implant supported prostheses. This
includes mechanical problems such as fractured or debond-
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ed acrylic resin teeth, a lack of biologic color especially at
the prosthetic gingival architecture, and wear of the oppos-
ing surfaces in long term. As a result, high maintenance of
the prosthesis, replacement of acrylic teeth, and unpleasing
gingival architecture are common clinical complications.'*%’

The limited number of literature on metal alloy-com-
posite implant supported prosthesis for edentulous
patients. However, iz vitro studies have shown higher wear
resistance for composite resin compared to acrylic resin.®
Pink colored composite resins also offer the advantage of
creating esthetic gingival architecture in combination with
different materials.”"" Although the shape, shade, and the
texture of the tissue can be controlled with pink colored
composite, the resin can change shade over time and may
require frequent repair and maintenance.”'

Metal alloy-porcelain implant supported prostheses, on
the other hand, offer an esthetically pleasing prosthesis with
high wear resistance. Unfortunately, porcelain chipping, dif-
ficulty in shade matching of pink porcelain and bimetallism
are disadvantages of this type of prosthesis.'*'®

Although the use of zirconia-ceramic prostheses have
been reported veneer layer chipping and zirconia frame-
work breakage as clinical complications, tetragonal zirconia
polycrystal (TZP) displays high biocompatibility with
reduced bacterial adhesion and high flexural strength which
renders it as an excellent material for implant supported
prosthesis.™”* Using computet-aided design/computer-
aided manufacturing (CAD/CAM) technology, it is possible
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to mill a monolithic prosthesis from presintered homoge-
neous blocks of TZP to overcome these problems.

This clinical report describes a reconstruction of the
maxillary arch utilizing cement retained implant supported
monolithic zirconia prosthesis. The occlusal surfaces and
incisal edges of the prostheses were fabricated of mono-
lithic zirconia (Prettau zirconia, Zirkonzahn GmbH, Gais,
Italy) to minimize the possible fracture and chipping of lay-
ering porcelain. The protocol uses a CAD/CAM system to
create a copy milled definitive prosthesis from an interim
prosthesis. This significantly reduces the need for occlusal
and gingival adjustments which may induce inadvertent
damage to zirconia.

CLINICAL REPORT

A 60 years old Caucasian female was referred to the post-
doctoral prosthodontic clinic of the University of Alabama
at Birmingham School of Dentistry for comprehensive
dental care. The patient’s medical history was noncontribu-
tory, and there were no contraindications for dental treat-
ment. Although she reported radiation for breast cancer 5.5
years ago, she was cancer free at the time of treatment.
Clinical and radiographic findings (Fig. 1) contributory to
the definitive treatment were: debilitated dentition due to
secondary caries under fixed partial denture (FPD) #3-11
with 4 to 8 mm probing depth around existing maxillary
teeth, non-cleansable implant supported FPDs #12-14 and
#29-31, the absence of keratinized tissue on the facial of
implants #12-14, an uneven mandibular occlusal plane,
class II amalgam restoration on #22 and 28 with a marginal
gap discrepancy, noncarious cervical lesions on #24-20,
probing depth = 5 mm around #18 and 19 with class II
furcation involvement on the facial #19, and class III furca-
tion involvement and grade III mobility on #18.
Temporomandibular joint and mandibular range of motion
were within normal limits and asymptomatic. To develop a

Fig. 1. Preoperative panoramic radiograph.
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treatment plan, diagnostic impressions were made with irre-
versible hydrocolid (Jeltrate Alginate, DENTSPLY
International Inc., York, PA, USA), and centric relation was
recorded using bimanual manipulation. An arbitrary hinge
axis was used to transfer casts to a semiadjustable articula-
tor (Whip Mix Corporation, Louisville, KY, USA). A diag-
nostic wax up was exercised on duplicated and cross
mounted casts. Before the final treatment plan was initiated,
the patient was seen at an emergency appointment and
FPD #3-11 was were sectioned and teeth #3, 5 and 7 were
extracted and socket grafted.

Diagnostic and Initial Treatment

The patient was classified as a Class II Devision II mal-
occlusion® with low smile line. Based on the clinical and
radiographic examination, the maxillary dentition was diag-
nosed as non-restorable. An uneven mandibular occlusal
plane was diagnosed as a supraeruption in conjunction with
a superiorly directed segmental alveolar growth at #23-27
area.”* Mandibular arch treatment options wete: an orth-
odontic intrusion of the mandibular incisors, or restoring
the occlusal plane with replacing full coverage restorations
on the posterior teeth, fabricating veneers on the anterior
teeth, and recontouring the incisal edges. Removable and
fixed implant supported prostheses were reviewed as treat-
ment options with the patient.

Based on the patient’s request and the diagnostic find-
ings, fixed implant supported prosthesis was selected for
the reconstruction of the maxillary arch. However, the
patient did not want orthodontic intrusion of the mandibu-
lar incisors, thus the combination prosthetic treatment was
chosen for the mandibular arch. The decision was made to
maintain teeth #6, 9, 10 and 11 temporarily as abutments
for the interim prosthesis during surgical procedures.
Pretreatment pictures were taken after the extraction teeth
#3, 5 and 7 (Fig. 2A to 2D).

After elective root canal therapy on tooth #6, it was
restored with a prefabricated fiber post (D.T. Ligh-Post,
BISCO, Inc., Schaumburg, IL, USA) and composite resin
core (2100, 3M ESPE, St. Paul, MN, USA). After the resto-
ration of the active caries, an interim FPD #5-11 was fabri-
cated using a self polymerizing acrylic resin (Jet Acrylic,
Lang Dental Manufacturing Co., Inc., IL, USA). Following
the diagnostic wax up (Fig. 3), the decision was made to
finalize the mandibular prosthetic treatment during the
maxillary surgical procedures and the healing phase.

Extraction and socket conversion of #18 in conjunc-
tion with osseous surgery at the furcation of #19 were pet-
formed. During the surgical procedures and healing phase
of the maxillary arch, the mandibular occlusal plane was
restored with an implant supported FPD #29-31, full cov-
erage crowns on #20 and 21, vencers on #22 and 27, a
direct composite resin veneer on #28, and recontouring of
the incisal edges of #23-26. At the end of the treatment,
the patient requested veneers for #23 and 24 and a crown
on #28 for esthetic improvement.



Maxillary cement retained implant supported monolithic zirconia prosthesis in a full mouth rehabilitation: a clinical report

Fig. 2. A: Preoperative frontal view at maximum intercuspal position, B: Preoperative frontal view at
protrusive movement, C: Preoperative maxillary occlusal view, D: Preoperative mandibular occlusal

view.

Fig. 3. Diagnostic wax-up.

Maxillary Surgical Procedure

Surgical procedures for the maxillary arch included: soft
tissue grafting at the buccal area of the implant supported
FPD #12-14 with recontouring of the FPD for cleansability,
sinus grafting of the maxillary right sinus, and 6 month later,
implant placement of #3, 4 and 5 (Tapered Internal Hexed,
BioHorizons, Birmingham, AL, USA). After the second
stage of surgery on the postetior implants, teeth #6 and 11
were extracted with immediate placement of implants at the
sites. After 6 months, the second stage of dental implant
surgery was performed to uncover implants #6 and 11 in
conjunction with extraction of teeth #9 and 10.

Maxillary Interim Prostheses Procedures

The maxillary arch was restored with three full arch
maxillary interim prostheses during the surgical procedure.
The first interim prosthesis was fabricated 6 months after
healing of implants #3, 4 and 5. A tooth-implant supported
interim prosthesis was fabricated which was screw retained
on the existing osseointegrated maxillary implants and
cement retained on tooth abutments #9 and 10. The inter-
im prosthesis was fabricated by obtaining an impression of
the exact location of the implants and abutting teeth using
a maxillary custom tray (Triad TruTray, DENTSPLY
International Inc., York, PA, USA), open tray implant posts
(Direct Pick-up Coping, Hexed, BioHorizons, Birmingham,
AL, USA), and polyvinylsiloxane impression material
(Monophase Aquasil, DENTSPLY Caulk, Milford, DE,
USA). The vertical dimension of occlusion (VDO), centric
relation (CR), and facebow were transferred to a semiad-
justable articulator (Whip Mix Corporation, Louisville, KY,
USA) using an occlusal rim. The interim prosthesis was
delivered immediately after extracting teeth #6 and 11 and
placement of implants at these positions (Fig. 4A).

The second interim prosthesis was fabricated after the
second stage of implant surgery on implants #6 and 11.
During the second stage of sutrgery, teeth #9 and 10 were
extracted. The interim prosthesis was fabricated using a
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Fig. 4. A: Implant-tooth retained interim prosthesis, two weeks after implant placement #6, 11, B: mplant
retained interim prosthesis, two weeks after extraction of teeth #9 and 10.

direct technique following the diagnostic wax up (Fig. 4B).
Titanium prefabricated abutments (3inOne Abutment,
BioHorizons, Birmingham, AL, USA) were used as abut-
ments on the implants. Self polymerizing acrylic resin (Jet
Acrylic, Lang Dental Manufacturing Co., Inc., IL, USA) was
used to fabricate the interim FPDs #3-5, #6-11 and #12-14
with a clear matrix formed from the diagnostic wax up. At
the time of delivery, tissues at the #7 and 8 pontic areas
were formed using a ball shaped diamond bur for an ovate
shaped pontic.** VDO was vetified and the occlusion was
adjusted at CR. The access openings on the titanium pre-
fabricated abutments were covered with an interim restor-
ative material (Telio CS Onlay, Ivoclar Vivadent Inc.,
Amberst, NY, USA) before the FPDs were cemented with
temporary cement (Integrity TempGrip, DENTSPLY
Caulk, Milford, DE, USA).

Maxillary Arch Definitive Prosthesis Procedure

Two months after the second stage of implant surgery
on # 6 and 11, the interim prosthesis was assessed for
VDO, CR, phonetics, and esthetics. At this phase, the man-
dibular treatment was finalized and the occlusal plane on
the mandible was established. Irreversible hydrocolloid
impressions (Jeltrate Alginate, DENTSPLY International
Inc., York, PA, USA) were made from the existing maxillary
interim prosthesis and mandibular definitive restorations.
The interocclusal records and facebow were recorded. An
open tray, implant level, definitive impression was made
with a silicone impression material (Aquasil, DENTSPLY
Caulk, Milford, DE, USA) using a custom tray (Triad
TruTray, DENTSPLY International Inc., York, PA, USA)
and open tray titanium impression posts (Direct Pick-up
Coping, Hexed, BioHorizons, Birmingham, AL, USA).
VDO, CR were recorded with dental wax (ALUWAX,
Aluwax Dental Products Co. Allendale, Michigan, USA)
using healing abutments (Healing Abutment, BioHorizons,
Birmingham, AL, USA) and segmented interim FPDs.
Implant analogs (Implant Analog, BioHorizons,
Birmingham, AL, USA) were placed on the impression
posts and soft tissue was reproduced using polyvinylsilox-
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ane (Gingival Mask HP, Henry Schien Inc. Melville, NY,
USA). All impressions were poured with type III gypsum
(Microstone, Whip Mix Corporation, Louisville, KY, USA).
Casts were transferred and cross mounted on a semi-adjust-
able articulator (Whip Mix Corporation, Louisville, KY,
USA) (Fig. 5A and 5B).

The accuracy of the maxillary definitive cast was veri-
fied with an interlocking jig. A vacuum formed clear matrix
was made (Biostar, Great Lakes Orthodontics, Ltd.
Tonawanda, NY, USA) from the maxillary cast duplicate
from the cement retained interim prosthesis. A clear matrix
and light polymerizing resin (Triad TruTray, DENTSPLY
International Inc., York, PA, USA) were used to create a
solid matrix for the fabrication of the custom abutments
for the definitive cast (Fig. 5C). The solid matrix and the
definitive cast were sent to a milling center (Astra Tech Inc.
Waltham, MA, USA) for fabrication. Gold plated titanium
abutments were used for the posterior implants and
Zirconia abutments for implants #6 and 11. The milling
center was asked to create the same path of insertion for
the splinting abutments (Fig. 5D).

Upon delivery of the custom abutments, the definitive
cast with custom abutments, the maxillary cast recorded
from the existing interim prosthesis and mandibular cast
were sent to a milling center (ZirkonZahn USA lab, Atlanta,
GA, USA) where the assemblies were scanned for milling a
new maxillary interim prosthesis. The maxillary cast dupli-
cated from the interim prosthesis and the definitive cast
with the custom abutments were superimposed for milling
of the maxillary milled interim prosthesis (Fig. 6A). The
milled interim prosthesis was milled from a resin blank
(5-TEC A2, ZirkonZahn GmbH, Gais, Italy) to fit the cus-
tom abutments on the definitive cast.

Upon delivery of the interim prosthesis, the custom
abutments were tightened to 30 Ncm and the milled inter-
im prosthesis was evaluated intraorally for VDO, CR,
esthetics, and phonetics. VDO was verified and the occlu-
sion was adjusted at CR (Fig. 6B). Crowns and pontics
#06-11 were modified for esthetics. Pontics #7-10 were
modified for cleansability, esthetics, and phonetics. The
modifications were made by sandblasting the milled interim
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Fig. 5. A: Maxillary interim prosthesis cast against mandibular definitive prosthesis cast, B: Maxillary
definitive cast cross mounted on mandibular cast, C: Solid resin matrix on definitive cast, D: Zirconia
and gold platted titanium custom abutments on definitive cast.

prosthesis and with the addition of a self polymerizing acryl-
ic resin (Lang Dental Manufacturing Co., Inc., Wheeling, IL,
USA). Then, the interim prosthesis was polished and cement-
ed with temporary cement (Integrity TempGrip, DENTSPLY
Caulk, Milford, DE, USA) (Fig. 6C). The patient was asked to
report any difficulties and returned to the clinic 2 weeks later.

When the patient was satisfied with the esthetic and
functional parameters, the milled interim prosthesis and
custom abutments were removed and the patient’s previous
interim FPDs were delivered. The intalgio surface of the
pontics and embrasures of the milled interim prosthesis
were recaptured on the definitive cast using polyvinylsilox-
an (Gingival Mask HP, Henry Schien Inc., Melville, NY,
USA) (Fig. 6D).

The definitive cast, custom abutments, and the milled
interim prosthesis were returned to the milling center
(Zitkonzahn USA lab, Atlanta, GA, USA). The milled intet-
im prosthesis was scanned and copy milled (CAD/CAM
System S-TEC, Zirkonzahn GmbH, Gais, Italy) from a
presintered Zirconia blank (Prettau zirconia, Zirkonzahn
GmbH, Gais, Italy, 22 mm in height). The final prosthesis
was made into 3 FPDs, #3-5, #6-11 and #12-14. The labial
surfaces of #0-11 were cut back for veneering porcelain.
The milled frameworks were color modified as appropriate
(Color liquid, Zirkonzahn GmbH, Gais, Italy), dried under
an infrared lamp for an hour (Zitkonlamp 250, Zirkonzahn
GmbH, Gais, Italy), and sintered at 1,600C (Sintering

Furnace 600/V3, Zitkonzahn GmbH, Gais, Italy). The labi-
al surfaces of #6-11 were laminate with veneering porcelain
(ICE Ceramik, Zirkonzahn GmbH, Gais, Italy) and were
fired at 820C.

Upon delivery, the FPDs were adjusted at the embrasure
as needed using a diamond disc (IKOMET USA, Rock Hill,
SC, USA) and under water spray. There was no need for
occlusal adjustment. All adjusted areas were polished with
porcelain polishing wheels (Brasseler USA, Savanah, GA,
USA) and diamond filled polishing paste (Temrex
Diamond, Temrex Corp. Freeport, NY, USA). The custom
abutments were tightened to 30 Ncm twice at 10 minute
intervals and screw accesses were covered with cotton pel-
lets and interim restorative material (Telio CS Onlay, Ivoclar
Vivadent Inc. Amherst, NY, USA) following manufacturer’s
instruction. The fit of the FPDs with the abutments were
evaluated. A visual evaluation under X2.5 magnifications
and using an explorer showed a clinically acceptable fit. The
fit was also verified with periapical radiographs. Then, the
FPDs were cemented using a resin modified glass ionomer
(RelyX Luting Plus, 3M ESPE, St. Paul, MN, USA) and the
occlusion was verified again. At the follow up appointment
the patient requested a crown on tooth #28 and porcelain
veneers on #23 and 24 for esthetic improvement. The final
restorations were documented in intraoral and extraoral

photographs (Fig. 7A to 7F) and a panoramic radiograph
(Fig. 8).
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Fig. 6. A: Superimposed scan on definitive cast, B: Milled interim prosthesis before modification, C:
Milled interim prosthesis after chair side modifications, D: Replicate of intaglio surface of the milled
interim prosthesis on the definitive cast.

Fig. 7. A: Postoperative maxillary occusal view, B: Postoperative mandibular occlusal view, C: Postoperative left lateral
view, D: Postoperative right lateral view, E: Facial frontal smile.
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Fig. 8. Postoperative panoramic radiograph.

The post treatment instruction was given to the patient.
This included twice per day brushing and flossing, and daily
use of a mouthwash. The patient was monitored on 3-month
recall appointments.

DISCUSSION

Despite technical advances, complex clinical situations
require thorough treatment planning and multiple interim
prostheses. The design of a definitive prosthesis must meet
basic restorative requitements, such as function, phonetics,
esthetics, and consideration of material properties.

Monolithic TZP provides a high standard of esthetics
and reduces the number of metals used in the oral cavity.
Additionally, when vertical and horizontal resorption of tis-
sue requires pink esthetic replacement, pink colored zirco-
nia can provide a stable and natural pink substructure to
replace the lost tissue. This patient report presents an altet-
native method for the rehabilitation of a maxillary edentu-
lous arch with a cement retained implant supported mono-
lithic zirconia prosthesis. The patient was satisfied with the
outcome of the treatment in terms of function, esthetics,
and phonetics.

Mechanical properties such as young’s modulous, flex-
ural strength, and hardness of TZP has been reported to be
higher than Ti alloy, stainless steel, Co-Cr alloy.”” It can be
used on ceramic bridges, as long as the connector is appro-
priately designed to lower the maximum tensile stress
applied on the connector.®®” Additionally, the density of
zitconia is about 6.1 g/cm? which is 2 to 3 times lower than
noble dental casting alloy. As a result, the final prosthesis
fabricated from zirconia is lighter than the one made of
metal alloy-potcelain.® Ti alloy has a density of 4.5 g/cm’
which is lower than zirconia,” but it has been reported that
Ti alloy-acrylic prostheses require significant maintenance
including the replacement of acrylic teeth and gingival
architecture.'>%’

Surface roughness (Ra) of the dental material has an
important role in stain accumulation and adhesion/reten-
tion of bacteria. The rougher the surface, the more bacteri-
al adherence occurs.”** While the surface roughness (Ra)
value for acrylic resins range between 0.03 um and 1.2
wm, 5
and 0.33 pm.”** Commercially pure Ti surface roughness
(Ra) ranges between 0.008 um and 0.02 pm,” and the sur-
face roughness of milled and processed TZP has been
recorded to range between 0.08 pm and 0.1 um.*** This
indicates that TZP is a suitable prosthetic material in term
of its capacity to reduce bacterial colonization.**
roughness also directly impacts antagonist wear. Though, 7
vitro data has shown that TZP causes less wear on antago-

nist teeth as compared to feldspatic porcelain. "+
350

glazed veneering porcelain ranges between 0.08 pm

Surface

Fracture of the veneering porcelain™’ and fracture of
the zirconia framework in cantilevered FPDs***' have been
clinically reported in porcelain veneered zirconia prosthesis.
In a literature review of 15 studies on zirconia prosthesis,
Denty and Kelly”® found that fracture of zirconia frame-
work was an uncommon phenomenon; however, chipping
of the porcelain veneer was noted in all studies. In this
patient report, the fabrication from a monolithic zirconia
block decreases framework breakage due to the high thick-
ness of connectors, and it reduces the probability of porce-
lain chipping.

Because of the advantages of monolithic zirconia, this
treatment option may become more prevalent. Further
research will be necessary comparing traditional metal alloy-
ceramic versus monolithic zirconia in the rehabilitation of
edentulous patients with fixed implant supported restora-
tions. The combination of CAD/CAM technology and
modern materials offer promising perspectives for future
treatment options.

CONCLUSION

The major benefits of CAD/CAM milled monolithic zirco-
nia prostheses are homogenous high strength, accuracy,
climination or reduced veneering porcelain, and minimal
adjustments. This technology also offers different treatment
options including screws, cement, and combination screw/
cement retained prostheses to restore osseointegrated
implants. Providing the milled interim prosthesis signifi-
cantly reduces the need for occlusal adjustment in the final
definitive prosthesis as the prosthesis is duplicated directly
from the milled and adjusted intetim prosthesis.

The outcome of the presented cement retained implant
supported prosthesis was a success in terms of function,
esthetics, and phonetics and the patient was highly satisfied.
Although there have been numerous 7 vitro studies, there
are few clinical reports supporting the use of monolithic
TZP for definitive prostheses. Long term clinical studies
will be required to further evaluate this material and tech-
nique for continued use in implant restorations.
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