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ON THE MOVE?

Information for Readers

The applications of various technological advances in implant dentistry and in all aspects of the diagnostic, treatment 
planning, surgical, and restorative phases are gaining popularity. Additive rapid prototyping and computer-aided de-
sign/computer-aided manufacturing (CAD/CAM) technology are used to generate stereolithographic surgical guides 
and prefabricated interim prostheses to facilitate implant surgery and immediate loading, respectively. Subtractive 
rapid prototyping is used for fabrication of zirconia frameworks for definitive implant prostheses. This clinical report 
describes the comprehensive application of these technological advances in implant rehabilitation to optimize surgical 
and prosthodontic outcomes as well as patient comfort. (J Prosthet Dent 2008;100:165-172)
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The use of computer-aided de-
sign/computer-aided manufacturing 
(CAD/CAM) technology has gained 
popularity in implant dentistry.1-4 The 
applications pertain to 3-dimensional 
(3-D) imaging (computerized tomog-
raphy scan), 3-D software for treat-
ment planning, fabrication of com-
puter-generated surgical guides using 
additive rapid prototyping, as well as 
fabrication of all-ceramic restorations 
using subtractive rapid prototyping.5-7 
Rapid prototyping technology allows 
for industrial fabrication of custom-
ized 3-D objects from computer-aid-
ed design (CAD) data. Additive rapid 
prototyping pertains to the process of 
developing an object by deposition of 
material in layers, whereas subtrac-
tive rapid prototyping refers to the 
machining or milling process that re-
moves material from solid blocks to 
fabricate customized 3-D objects.5

Zirconium oxide, known as zir-
conia, possesses good chemical and 
physical properties such as low cor-
rosion potential, low thermal con-
ductivity, high flexural strength (900-
1200 MPa), and hardness (1200 
Vickers).8,9 In addition, zirconia is bio-
compatible, and the adhesion of bac-

teria on its surface is low.8-10 Zirconia 
stabilized with yttrium oxide results 
in high flexural strength and fracture 
toughness due to transformation 
toughening.8-21 Due to the superior 
flexural strength compared with alu-
minum oxide, zirconia frameworks for 
fixed partial dentures for anterior and 
posterior teeth and for implant-sup-
ported restorations are currently be-
ing used.16-21 Most zirconia-based re-
storative systems use computer-aided  
design/computer-aided manufactur-
ing (CAD/CAM) technology for the 
design and subtractive rapid proto-
typing technology for the fabrication 
of the zirconia frameworks. 

This clinical report describes the 
application of various technological 
advances in comprehensive implant 
rehabilitation. These include use of 
CAD/CAM technology and additive 
rapid prototyping to generate ste-
reolithographic surgical guides us-
ing prefabricated interim prostheses 
to facilitate immediate loading, and 
the use of subtractive rapid prototyp-
ing technology to fabricate a zirconia 
framework for the definitive implant-
supported prosthesis.

CLINICAL REPORT 

A 50-year-old woman was referred 
to the postdoctoral prosthodontic 
clinic of Columbia University College 
of Dental Medicine for prosthodon-
tic consultation. The patient’s medi-
cal history was noncontributory, and 
there were no contraindications for 
dental treatment. The patient pre-
sented with maxillary and mandibular 
complete dentures and reported in-
ability to use the existing mandibular 
complete denture that was fabricated 
1 year prior. Comprehensive clinical 
and radiographic examination re-
vealed a severely resorbed edentulous 
mandible and atrophic maxilla. Ac-
cording to the Prosthodontic Diag-
nostic Index (PDI) for classification of 
complete edentulism, the patient was 
characterized as Class III, meaning 
that there was a need for surgical revi-
sion of the denture-supporting struc-
tures to allow for adequate prost-
hodontic function (Fig. 1).22

Upon intraoral examination, it 
was determined that the mandibu-
lar complete denture did not provide 
any stability or retention due to the 
extensive bone loss. The maxillary 
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complete denture was acceptable. Es-
thetics, phonetics, and occlusal verti-
cal dimension (OVD) were evaluated 
prior to development of the definitive 
treatment plan.23 Various treatment 
options, namely, a new mandibu-
lar complete denture, a mandibular 
overdenture supported by 2 implants, 
and a fixed complete denture, were 
presented to the patient. The patient 
elected to proceed with rehabilitation 
of the mandibular arch with a fixed 
complete denture. A minimally inva-
sive approach using computer-guided 
flapless implant placement followed 
by immediate loading was planned. 

The existing dentures were con-
verted into radiographic templates for 
the computerized tomography (CT) 
scan in the following manner. The 
mandibular removable prosthesis was 
relined intraorally with resilient relin-
ing material (Coe-Soft; GC America, 
Inc, Alsip, Ill) to obtain properly ex-
tended borders and better adaptation 
to the underlying soft tissues. 

The maxillary and mandibular 
complete dentures were duplicated 
with autopolymerizing clear acrylic 
resin (Jet Denture Repair resin; Lang 
Dental Mfg Co, Wheeling, Ill) in a 
denture duplicator (Denture Dupli-
cator; Lang Dental Mfg Co) using ir-
reversible hydrocolloid (Jeltrate Plus; 
Dentsply Caulk, Milford, Del). 

Twelve radiopaque markers made 
of gutta-percha (Gutta Percha; Henry 
Schein, Inc, Melville, NY) were incor-
porated into the duplicate dentures. 
The duplicate dentures were evaluat-
ed intraorally to verify accurate seat-
ing (Fig. 2). A facebow registration 
and centric relation (CR) interocclusal 
record were made, and the dentures 
were articulated in a semiadjustable 
articulator (PCH Articulator; Pana-
dent Corp, Grand Terrace, Calif ). 
After raising the incisal pin 4 mm in 
order to easily separate the mandible 
from the maxilla while reformatting 
the CT scan data, a new interocclusal 
record was made in the articulator 
with a radiolucent vinyl polysilox-
ane (VPS) material (Regisil; Dentsply 
Caulk), and a maxillary and mandibu-

lar double CT scan was prescribed.6,24

The CT scan data was reformatted 
using a commercially available 3-D 
implant planning software (Procera; 
Nobel Biocare USA, Yorba Linda, Ca-
lif ). The maxilla was severely resorbed 
with extensive sinus pneumatiza-
tion and could not be treated with-
out bone grafting procedures. The 
mandible was also severely resorbed. 
Through the 3-D planning software, 
5 regular platform implants, 13 mm 
long (Branemark Mk III TiUnite; No-

bel Biocare USA), were planned in the 
interforaminal area of the mandible. 
The virtual implant plan was sent to 
a rapid prototyping manufacturing 
facility (Procera; Nobel Biocare AB, 
Goteborg, Sweden) for fabrication of 
the stereolithographic surgical tem-
plate (Fig. 3). 

After the mandibular stereolitho-
graphic surgical template was re-
ceived, a definitive cast and a CAD/
CAM prefabricated interim prosthe-
sis, screw-retained at the implant 

 1  A, Preoperative panoramic radiograph. B, Pretreatment intraoral condition.

A
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 2  Duplicate dentures as radiographic templates.

level, with expandable abutments 
(Guided Abutment; Nobel Biocare 
USA) were retro-generated through 
the surgical template using previ-
ously described procedures.25-27 These 
abutments consist of a cylinder with 4 
vertical slots enabling outward move-
ment. When the abutment screw is 
tightened, the screw head forces the 
4 walls of the cylinder to expand and 
engage a corresponding metal sleeve 
which is incorporated in the intaglio 
surface of the prosthesis.

The definitive cast with the surgi-
cal template was cross mounted on 
the articulator to the maxillary cast of 
the existing complete denture, and an 
interocclusal CR record was made to 
ensure the accurate positioning of the 
stereolithographic template during 
the implant surgery. The prefabricat-
ed interim prosthesis was also cross 
mounted at the established OVD on 
the articulator. Flapless implant sur-
gery was performed with strict ad-
herence to the surgical protocol.25 All 

implants achieved primary stability of 
35 Ncm, thus allowing for immediate 
loading (Fig. 4).28 

Following the flapless surgical 
placement of the implants, the im-
plant mounts were unscrewed, the 
surgical template was removed, and 
the prefabricated screw-retained in-
terim prosthesis for immediate load-
ing of the implants was inserted. 
Minimal occlusal adjustments were 
needed to achieve cross-arch centric 
relation contacts. Screw access open-
ings were filled with VPS (Imprint III 
Light Body; 3M ESPE, St. Paul, Minn) 
impression material (Fig. 5). The pa-
tient was placed on a soft diet for 8 
weeks and was prescribed medication 
for control of postoperative pain. Use 
of an oral irrigator (Waterpik Ultra 
Dental Water Jet, WP-100W; Water 
Pik Technologies, Inc, Newport Beach, 
Calif ) twice each day for maintenance 
of oral hygiene was advised. 

At the 1-week recall, the patient 
reported no postoperative swelling, 

minimal pain, and increased satis-
faction with the surgical, esthetic, 
and functional outcome. After an 
uneventful healing of 3 months, a 
definitive impression was made. The 
interim prosthesis was removed and 
impression copings were connected 
to the implants and splinted to each 
other with dental floss and autopo-
lymerizing acrylic resin (GC Pattern 
Resin; GC America, Inc). Radiographs 
were made to verify seating of the im-
pression copings. The acrylic resin-
impression copings assembly was sec-
tioned and reconnected with acrylic 
resin to compensate for polymeriza-
tion shrinkage (Fig. 6, A). An open 
tray definitive impression was made 
with a custom tray and polyether 
impression material (Impregum; 3M 
ESPE). After removal of the impres-
sion, healing abutments were con-
nected to the implants to prevent soft 
tissue collapse, while the interim pros-
thesis was cleaned. After cleaning, the 
prosthesis was inserted intraorally. 

 3  A, 3-D implant planning. B, Stereolithographic surgical template.

 4  Surgical template fixed intraorally with implant mounts. 

A B
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The definitive cast was poured with 
type IV stone (Silky-Rock; Whip Mix 
Corp, Louisville, Ky) in 2 increments 
to minimize the volumetric expansion 
of dental stone.

At the next appointment, a verifi-
cation index was fabricated intraorally 
to evaluate the accuracy of the defini-
tive cast before proceeding with fab-
rication of the definitive prosthesis.29 

Impression copings were connected 
to the implants and splinted to each 
other with dental floss and visible 
light-polymerizing acrylic resin (Triad 
Gel Clear Pink; Dentsply Caulk). Af-
ter sectioning and reconnection, this 
verification index was unscrewed and 
transferred to the definitive cast. Pas-
sive fit of the index on the definitive 
cast was confirmed, verifying its accu-

racy (Fig. 6, B). 
Subsequently, the mandibular 

complete arch zirconia framework 
was fabricated. While the verification 
index was transferred to the defini-
tive cast, the interim prosthesis was 
screwed in place intraorally and a CR 
interocclusal record was generated. 
The interim prosthesis was then con-
nected to the definitive implant cast. 

 5  A, Prefabricated interim prosthesis in place. B, Postoperative panoramic radiograph confirming fit of prosthesis 
at expandable abutment level.

A B

 6  A, Impression copings connected with acrylic resin before definitive implant level impression. B, Verification in-
dex placed on definitive cast. C, Silicone index generated from interim prosthesis. D, Complete contour acrylic resin 
pattern sectioned to compensate for polymerization shrinkage.

A B

DC

The CR interocclusal record was used 
to articulate the mandibular defini-
tive cast to the maxillary cast of the 
existing complete denture on the ar-
ticulator. The maxillary cast of the 
complete denture had been previous-
ly mounted in the articulator with a 
facebow transfer during fabrication of 
the interim prosthesis used for imme-
diate loading. In addition, buccal and 
lingual indices of the articulated in-
terim prosthesis were made with VPS 
material (Lab Putty; Coltene/Whale-
dent, Inc, Cuyahoga Falls, Ohio) to 
aid in determining available space and 
guide the fabrication of the definitive 
prosthesis within the confines of this 
index (Fig. 6, C).30,31

Nonengaging temporary abut-
ments (Nobel Biocare USA) were 
placed onto the implant analogs 
on the definitive cast and trimmed 
to fit within the confines of the VPS 
index. Screw access openings were 
blocked out with utility wax (Plas-
tic Wax Sticks; Coltene/Whaledent, 
Inc). Autopolymerizing acrylic resin 

(GC Pattern Resin; GC America, Inc) 
was injected with a syringe inside 
the VPS index. Once the acrylic resin 
polymerized, the screw access open-
ings were cleared and the full con-
tour acrylic resin pattern prosthesis 
was retrieved.7 For the fabrication of 
a zirconia implant-supported pros-
thesis, an acrylic resin pattern of the 
framework was designed, scanned, 
and milled into a zirconia framework, 
then veneered with feldspathic por-
celain. This zirconia framework was 
designed by developing a full contour 
acrylic resin pattern that was cut back 
appropriately.7 

A wide variety of techniques have 
been proposed in the dental literature 
to achieve accuracy and passivity of fit 
of implant prostheses.32-38 Therefore, 
an additional step to maximize the 
framework’s accuracy of fit was taken 
before final scanning. The full contour 
acrylic resin pattern was placed onto 
the definitive cast, sectioned again 
to allow for compensation of acrylic 
resin polymerization shrinkage, and 

reconnected with additional acrylic 
resin (Fig. 6, D).

This full contour resin pattern was 
then cut back to allow for 2 mm of ve-
neering porcelain with respect to the 
confines of the VPS indices and the 
established tooth position and align-
ment. The acrylic resin framework was 
designed to allow for adequate con-
nector height and for uniform thick-
ness and support of the veneering 
porcelain to optimize the strength of 
the prosthesis.7,39 A scanner (Procera 
Forte; Nobel Biocare USA) was used 
to scan the acrylic resin pattern and 
generate a 3-D CAD file (Fig. 7, A). 
The data were transferred to a CAM 
milling center (Nobel Biocare USA, 
Mahwah, NJ), and a zirconia block 
was milled accordingly into a zirconia 
framework and sintered (Fig. 7, B).

At the next appointment, the com-
plete arch zirconia screw-retained 
framework was evaluated for ac-
curacy and passivity of fit (Fig. 7, C 
and D). Periapical radiographs were 
made and fit at the implant-abutment 

 7  A, Cut back of acrylic resin pattern, ready to be scanned with stylus-based scanner. B, Zirconia framework. C, In-
traoral evaluation of framework (labial view). D, Intraoral evaluation of framework (occlusal view).

A B

DC
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porcelain to optimize the strength of 
the prosthesis.7,39 A scanner (Procera 
Forte; Nobel Biocare USA) was used 
to scan the acrylic resin pattern and 
generate a 3-D CAD file (Fig. 7, A). 
The data were transferred to a CAM 
milling center (Nobel Biocare USA, 
Mahwah, NJ), and a zirconia block 
was milled accordingly into a zirconia 
framework and sintered (Fig. 7, B).

At the next appointment, the com-
plete arch zirconia screw-retained 
framework was evaluated for ac-
curacy and passivity of fit (Fig. 7, C 
and D). Periapical radiographs were 
made and fit at the implant-abutment 

 7  A, Cut back of acrylic resin pattern, ready to be scanned with stylus-based scanner. B, Zirconia framework. C, In-
traoral evaluation of framework (labial view). D, Intraoral evaluation of framework (occlusal view).
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interface was verified. A new centric 
relation record was made to trans-
fer the maxillomandibular relation 
to the articulator, a transfer impres-
sion with polyether material (Imp-
regum; 3M ESPE) was made, and 
the shade was selected. It should be 
noted that during the treatment of 
this patient, different shades for the 
zirconia framework were not yet com-
mercially available. Subsequently, the 
zirconia framework was veneered with 

feldspathic porcelain, and a balanced 
occlusion scheme was established for 
the definitive prosthesis to prevent 
dislodgement of the maxillary com-
plete denture in function.40 

At the insertion appointment, the 
definitive screw-retained mandibu-
lar zirconia prosthesis was evaluated 
intraorally, and the abutment screws 
were torqued to 35 Ncm. A panoram-
ic radiograph was made to confirm 
seating of the definitive prosthesis. 

The patient was given home oral 
health care instructions, including 
use of floss threader, interproximal 
brushes, and an oral irrigator. The 
patient was satisfied with the final 
esthetic and functional outcome. At 
the 6-month recall appointment, the 
prosthesis was stable, and periapical 
radiographs verified stable marginal 
bone levels compared to postinser-
tion baseline periapical radiographs 
(Fig. 8).

 8  A, Definitive porcelain fused to zirconia prosthesis. B, Definitive porcelain fused to zirconia prosthesis (occlusal 
view). C, Intraoral evaluation of zirconia prosthesis (occlusal view). D, Intraoral evaluation of zirconia prosthesis (la-
bial view). E, Postinsertion panoramic radiograph verifying accurate fit of definitive zirconia prosthesis. F, Posttreat-
ment periapical radiographs 6 months after insertion of definitive zirconia prosthesis.
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DISCUSSION

CAD/CAM-guided flapless im-
plant placement with ideal implant 
positioning highlights the merits of 
rapid prototyping technology in the 
field of implant dentistry, whereas 
subtractive rapid prototyping is used 
for fabrication of zirconia prosthe-
ses.5  

Zirconia is currently used as a core 
material for fabrication of frameworks 
for tooth and implant-supported fixed 
partial dentures (FPD). Esthetics are 
optimized with zirconia restorations 
due to the natural shade of the sub-
strate, thus eliminating the problem 
of the gray effect, especially at the cer-
vical area, of implant prostheses with 
metal alloy substructures.18 Control 
of the opacity of these zirconia frame-
works has been recently attempted 
with the introduction of a variety of 
shades for the substrate zirconium ox-
ide framework.18 

Several in vitro reports have 
demonstrated the superior flexural 
strength of zirconia compared to 
other ceramic materials, such as alu-
minum oxide.11-16,20,41 However, stress 
concentration inside a framework 
may induce cracking of the veneer 
porcelain. Studies of all-ceramic FPDs 
with a zirconium oxide framework re-
ported that the majority of fractures 
occurred at the framework and layer-
ing porcelain interface and extended 
along the interface. 41-45 

Few long-term clinical stud-
ies evaluating systems with zirco-
nium oxide frameworks have been 
performed.7,10,17,19 Moreover, these 
clinical studies7,10,17,19,42 included 
tooth-supported 3- and 4-unit pos-
terior FPDs, and only 1 identified 
clinical report46 included rehabilita-
tion with a 10-unit anterior tooth-
supported zirconia FPD. To the au-
thors’ knowledge, no clinical reports 
have been published on rehabilitation 
with an implant-supported zirconia 
fixed complete denture. Clinical data 
on longevity of zirconia prostheses 
are lacking. Further clinical studies 
investigating the longevity and bond 

strength between the zirconia frame-
work and the veneering porcelain are 
needed.

SUMMARY

The process of restoring an eden-
tulous patient with endosseous im-
plants and porcelain fused to a zir-
conia prosthesis using CAD/CAM 
and subtractive rapid prototyping 
technology has been described. This 
protocol allows for minimally invasive 
implant surgery, as well as functional 
and esthetic restoration of edentu-
lous patients with various amounts 
of bone resorption. The advantages 
include minimally invasive flapless 
implant placement with ideal implant 
positioning, immediate occlusal load-
ing for maximum patient comfort, 
and esthetic and biocompatible res-
toration with a definitive implant-
supported zirconia prosthesis.
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interface was verified. A new centric 
relation record was made to trans-
fer the maxillomandibular relation 
to the articulator, a transfer impres-
sion with polyether material (Imp-
regum; 3M ESPE) was made, and 
the shade was selected. It should be 
noted that during the treatment of 
this patient, different shades for the 
zirconia framework were not yet com-
mercially available. Subsequently, the 
zirconia framework was veneered with 

feldspathic porcelain, and a balanced 
occlusion scheme was established for 
the definitive prosthesis to prevent 
dislodgement of the maxillary com-
plete denture in function.40 

At the insertion appointment, the 
definitive screw-retained mandibu-
lar zirconia prosthesis was evaluated 
intraorally, and the abutment screws 
were torqued to 35 Ncm. A panoram-
ic radiograph was made to confirm 
seating of the definitive prosthesis. 

The patient was given home oral 
health care instructions, including 
use of floss threader, interproximal 
brushes, and an oral irrigator. The 
patient was satisfied with the final 
esthetic and functional outcome. At 
the 6-month recall appointment, the 
prosthesis was stable, and periapical 
radiographs verified stable marginal 
bone levels compared to postinser-
tion baseline periapical radiographs 
(Fig. 8).

 8  A, Definitive porcelain fused to zirconia prosthesis. B, Definitive porcelain fused to zirconia prosthesis (occlusal 
view). C, Intraoral evaluation of zirconia prosthesis (occlusal view). D, Intraoral evaluation of zirconia prosthesis (la-
bial view). E, Postinsertion panoramic radiograph verifying accurate fit of definitive zirconia prosthesis. F, Posttreat-
ment periapical radiographs 6 months after insertion of definitive zirconia prosthesis.
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DISCUSSION

CAD/CAM-guided flapless im-
plant placement with ideal implant 
positioning highlights the merits of 
rapid prototyping technology in the 
field of implant dentistry, whereas 
subtractive rapid prototyping is used 
for fabrication of zirconia prosthe-
ses.5  

Zirconia is currently used as a core 
material for fabrication of frameworks 
for tooth and implant-supported fixed 
partial dentures (FPD). Esthetics are 
optimized with zirconia restorations 
due to the natural shade of the sub-
strate, thus eliminating the problem 
of the gray effect, especially at the cer-
vical area, of implant prostheses with 
metal alloy substructures.18 Control 
of the opacity of these zirconia frame-
works has been recently attempted 
with the introduction of a variety of 
shades for the substrate zirconium ox-
ide framework.18 

Several in vitro reports have 
demonstrated the superior flexural 
strength of zirconia compared to 
other ceramic materials, such as alu-
minum oxide.11-16,20,41 However, stress 
concentration inside a framework 
may induce cracking of the veneer 
porcelain. Studies of all-ceramic FPDs 
with a zirconium oxide framework re-
ported that the majority of fractures 
occurred at the framework and layer-
ing porcelain interface and extended 
along the interface. 41-45 

Few long-term clinical stud-
ies evaluating systems with zirco-
nium oxide frameworks have been 
performed.7,10,17,19 Moreover, these 
clinical studies7,10,17,19,42 included 
tooth-supported 3- and 4-unit pos-
terior FPDs, and only 1 identified 
clinical report46 included rehabilita-
tion with a 10-unit anterior tooth-
supported zirconia FPD. To the au-
thors’ knowledge, no clinical reports 
have been published on rehabilitation 
with an implant-supported zirconia 
fixed complete denture. Clinical data 
on longevity of zirconia prostheses 
are lacking. Further clinical studies 
investigating the longevity and bond 

strength between the zirconia frame-
work and the veneering porcelain are 
needed.

SUMMARY

The process of restoring an eden-
tulous patient with endosseous im-
plants and porcelain fused to a zir-
conia prosthesis using CAD/CAM 
and subtractive rapid prototyping 
technology has been described. This 
protocol allows for minimally invasive 
implant surgery, as well as functional 
and esthetic restoration of edentu-
lous patients with various amounts 
of bone resorption. The advantages 
include minimally invasive flapless 
implant placement with ideal implant 
positioning, immediate occlusal load-
ing for maximum patient comfort, 
and esthetic and biocompatible res-
toration with a definitive implant-
supported zirconia prosthesis.

REFERENCES

1. Lal K, White GS, Morea DN, Wright RF. Use 
of stereolithographic templates for surgical 
and prosthodontic implant planning and 
placement. Part I. The concept. J Prost-
hodont 2006;15:51-8. 

2. Lal K, White GS, Morea DN, Wright RF. Use 
of stereolithographic templates for surgical 
and prosthodontic implant planning and 
placement. Part II. A clinical report. J Prost-
hodont 2006;15:117-22.

3. Balshi SF, Wolfinger GJ, Balshi TJ. Surgical 
planning and prosthesis construction using 
computer technology and medical imaging 
for immediate loading of implants in the 
pterygomaxillary region. Int J Periodontics 
Restorative Dent 2006;26:239-47.

4. Sanna AM, Molly L, van Steenberghe D. 
Immediately loaded CAD-CAM manufac-
tured fixed complete dentures using flapless 
implant placement procedures: a cohort 
study of consecutive patients. J Prosthet 
Dent 2007;97:331-9.

5. Gronet PM, Waskewicz GA, Richardson 
C. Preformed acrylic cranial implants us-
ing fused deposition modeling: a clinical 
report. J Prosthet Dent 2003;90:429-33.

6. van Steenberghe D, Naert I, Andersson M, 
Brajnovic I, Van Cleynenbreugel J, Suetens 
P. A custom template and definitive pros-
thesis allowing immediate implant loading 
in the maxilla: a clinical report. Int J Oral 
Maxillofac Implants 2002;17:663-70. 

7. Chang PP, Henegbarth EA, Lang LA. 
Maxillary zirconia implant fixed partial 
dentures opposing an acrylic resin implant 
fixed complete denture: a two-year clinical 
report. J Prosthet Dent 2007;97:321-30.

8. Piconi C, Maccauro G. Zirconia as a ce-
ramic biomaterial. Biomaterials 1999;20:1-
25.

9. Manicone PF, Rossi Iommetti P, Raffaelli 
L. An overview of zirconia ceramics: basic 
properties and clinical applications. J Dent 
2007;35:819-26. 

10.Raigrodski AJ, Chiche GJ, Potiket N, Hoch-
stedler JL, Mohamed SE, Billiot S, et al. The 
efficacy of posterior three-unit zirconium-
oxide-based ceramic fixed partial dental 
prostheses: a prospective clinical pilot 
study. J Prosthet Dent 2006;96:237-44.

11.Aboushelib MN, Kleverlaan CJ, Feilzer AJ. 
Microtensile bond strength of different 
components of core veneered all-ceramic 
restorations. Part 3: double veneer tech-
nique. J Prosthodont 2008;17:9-13. 

12.Aboushelib MN, Kleverlaan CJ, Feilzer AJ. 
Microtensile bond strength of different 
components of core veneered all-ceramic 
restorations. Part II: Zirconia veneering 
ceramics. Dent Mater 2006;22:857-63.

13.Aboushelib MN, Kleverlaan CJ, Feilzer AJ. 
Effect of zirconia type on its bond strength 
with different veneer ceramics. J Prost-
hodont 2008. [Epub ahead of print] 

14.Wang H, Aboushelib MN, Feilzer AJ. 
Strength influencing variables on CAD/
CAM zirconia frameworks. Dent Mater 
2008;24:633-8.

15.Studart AR, Filser F, Kocher P, Lüthy H, 
Gauckler LJ. Mechanical and fracture 
behavior of veneer-framework composites 
for all-ceramic dental bridges. Dent Mater 
2007;23:115-23.

16.Sundh A, Sjögren G. Fracture resistance of 
all-ceramic zirconia bridges with differing 
phase stabilizers and quality of sintering. 
Dent Mater 2006;22:778-84.

17.Sailer I, Fehér A, Filser F, Gauckler LJ, 
Lüthy H, Hämmerle CH. Five-year clinical 
results of zirconia frameworks for posterior 
fixed partial dentures. Int J Prosthodont 
2007;20:383-8. 

18.Sailer I, Holderegger C, Jung RE, Suter A, 
Thiévent B, Pietrobon N, et al. Clinical 
study of the color stability of veneering 
ceramics for zirconia frameworks. Int J 
Prosthodont 2007;20:263-9. 

19.Kohorst P, Herzog TJ, Borchers L, Stiesch-
Scholz M. Load-bearing capacity of all-
ceramic posterior four-unit fixed partial 
dentures with different zirconia frame-
works. Eur J Oral Sci 2007;115:161-6.

20.Att W, Grigoriadou M, Strub JR. ZrO2 
three-unit fixed partial dentures: com-
parison of failure load before and after 
exposure to a mastication simulator. J Oral 
Rehabil 2007;34:282-90.

21.Chai J, Chu FC, Chow TW, Liang BM. 
Chemical solubility and flexural strength of 
zirconia-based ceramics. Int J Prosthodont 
2007;20:587-95. 

22.McGarry TJ, Nimmo A, Skiba JF, Ahstrom 
RH, Smith CR, Koumjian JH. Classifica-
tion system for complete edentulism. The 
American College of Prosthodontics. J 
Prosthodont 1999;8:27-39.

23.Turrell AJ. Clinical assessment of vertical di-
mension. J Prosthet Dent 1972;28:238-46.

24.Marchack CB. An immediately loaded 
CAD/CAM-guided definitive prosthesis: a 
clinical report. J Prosthet Dent 2005;93:8-
12.



172 Volume 100 Issue 3

The Journal of Prosthetic Dentistry Holst et alPapaspyridakos and Lal

25.van Steenberghe D, Glauser R, Blombäck 
U, Andersson M, Schutyser F, Pettersson 
A, et al. A computed tomographic scan-
derived customized surgical template and 
fixed prosthesis for flapless surgery and im-
mediate loading of implants in fully eden-
tulous maxillae: a prospective multicenter 
study. Clin Implant Dent Relat Res 2005;7 
Suppl 1:S111-20. 

26.Cheng AC, Tee-Khin N, Siew-Luen C, Lee 
H, Wee AG. The management of a severely 
resorbed edentulous maxilla using a bone 
graft and a CAD/CAM-guided immediately 
loaded definitive implant prosthesis: a clini-
cal report. J Prosthet Dent 2008;99:85-90.

27.Marchack CB. CAD/CAM-guided implant 
surgery and fabrication of an immediately 
loaded prosthesis for a partially edentulous 
patient. J Prosthet Dent 2007;97:389-94.

28.Attard NJ, Zarb GA. Immediate and early 
implant loading protocols: a literature 
review of clinical studies. J Prosthet Dent 
2005;94:242-58.

29.De La Cruz JE, Funkenbusch PD, Ercoli C, 
Moss ME, Graser GN, Tallents RH. Verifica-
tion jig for implant-supported prostheses: 
A comparison of standard impressions with 
verification jigs made of different materials. 
J Prosthet Dent 2002;88:329-36.

30.Chaimattayompol N, Stanescu J, Steinberg 
J, Vergo TJ Jr. Use of a cross-mounting 
buccal index to help transfer the spatial 
relationships of an interim prosthesis to the 
definitive implant-supported prosthesis. J 
Prosthet Dent 2001;85:509-15.

31.Rodrigues AH, Morgano SM, Guimarães 
MM, Ankly R. Laboratory-processed acrylic 
resin provisional restoration with cast 
metal substructure for immediately loaded 
implants. J Prosthet Dent 2003;90:600-4.

32.Wee AG, Aquilino SA, Schneider RL. 
Strategies to achieve fit in implant prost-
hodontics: a review of the literature. Int J 
Prosthodont 1999;12:167-78.

33.Riedy SJ, Lang BR, Lang BE. Fit of implant 
frameworks fabricated by different tech-
niques. J Prosthet Dent 1997;78:596-604.

34.Kan JY, Rungcharassaeng K, Bohsali K, 
Goodacre CJ, Lang BR. Clinical methods 
for evaluating implant framework fit. J 
Prosthet Dent 1999;81:7-13.

35.Al-Fadda SA, Zarb GA, Finer Y. A compari-
son of the accuracy of fit of 2 methods for 
fabricating implant-prosthodontic frame-
works. Int J Prosthodont 2007;20:125-31.

36.Jemt T, Lie A. Accuracy of implant-sup-
ported prostheses in the edentulous jaw: 
analysis of precision of fit between cast 
gold-alloy frameworks and master casts by 
means of three-dimensional photogram-
metric technique. Clin Oral Implants Res 
1995;6:172-80.

37.Helldén LB, Dérand T. Description and 
evaluation of a simplified method to 
achieve passive fit between cast titanium 
frameworks and implants. Int J Oral Maxil-
lofac Implants 1998;13:190-6.

38.Longoni S, Sartori M, Davide R. A simpli-
fied method to reduce prosthetic misfit 
for a screw-retained, implant-supported 
complete denture using a luting tech-
nique and laser welding. J Prosthet Dent 
2004;91:595-8.

39.Guazzato M, Albakry M, Ringer SP, Swain 
MV. Strength, fracture toughness and 
microstructure of a selection of all-ceramic 
materials. Part II. Zirconia-based dental 
ceramics. Dent Mater 2004;20:449-56.

40.Taylor TD, Wiens J, Carr A. Evidence-based 
considerations for removable prosthodon-
tic and dental implant occlusion: a litera-
ture review. J Prosthet Dent 2005;94:555-
60.

41.Zahran M, El-Mowafy O, Tam L, Watson 
PA, Finer Y. Fracture strength and fatigue 
resistance of all-ceramic molar crowns 
manufactured with CAD/CAM technology. 
J Prosthodont 2008. [Epub ahead of print]

42.Tsumita M, Kokubo Y, Vult von Steyern P, 
Fukushima S. Effect of framework shape on 
the fracture strength of implant-supported 
all-ceramic fixed partial dentures in the mo-
lar region. J Prosthodont 2008;17:274-85.

43.Kelly JR, Tesk JA, Sorensen JA. Failure of all-
ceramic fixed partial dentures in vitro and 
in vivo: analysis and modeling. J Dent Res 
1995;74:1253-8.

44.White SN, Miklus VG, McLaren EA, Lang 
LA, Caputo AA. Flexural strength of 
a layered zirconia and porcelain den-
tal all-ceramic system. J Prosthet Dent 
2005;94:125-31.

45.Flemming GJ, Dickens M, Thomas LJ, 
Harris JJ. The in vitro failure of all ceramic 
crowns and the connector area of fixed 
partial dentures using bilayered ceramic 
specimens: the influence of core to dentin 
thickness ratio. Dent Mater 2006;22:771-7.

46.Keough BE, Kay HB, Sager RD. A ten-unit 
all-ceramic anterior fixed partial denture 
using Y-TZP zirconia. Pract Proced Aesthet 
Dent 2006;18:37-43.

Corresponding author:
Dr Kunal Lal
Division of Prosthodontics
Columbia University College of Dental Medi-
cine
630 W 168th St, PH 7-E, Rm 119
New York, NY 10032
Fax: 212-305-8493
E-mail: kl341@columbia.edu

Copyright © 2008 by the Editorial Council for 
The Journal of Prosthetic Dentistry.

Clinical Implications
Metal reinforcement of provisional restorations resulted in 
significantly reduced vertical movement of the anterior implant 
when loads were applied to a distal cantilever. 

Statement of problem. The osseointegration or fibrous encapsulation of immediately loaded dental implants depends 
largely on the extent of implant micromovement. The impact of acrylic resin or metal-reinforced acrylic resin provi-
sional restorations on this movement is currently unknown. 

Purpose. The purpose of this study was to isolate and measure the effect of provisional restoration type on the verti-
cal displacement of adjacent implants under load at 2 locations. 

Material and methods. Vertical loads ranging from 10-200 N were applied to polymethyl methacrylate resin (n=56) 
or metal-reinforced acrylic resin provisional restorations (n=56) supported by 4 implants inserted into homogenous 
artificial bone in a “u-shaped” alignment. Provisional restorations were first loaded in the anterior segment where 
the provisional restoration was supported by a mesial and distal implant, followed by loading on an extension 8 mm 
distal to the last implant. Vertical displacement of the 2 implants nearest the load application was measured and 
recorded using an optical image correlation technique based on photogrammetric principles. Data were subjected to 
a nonparametric multivariate analysis (generalized Wilcoxon test) and a Mann-Whitney test with a 2-tailed P value 
(α=.05).

Results. There was no significant difference in the vertical implant displacement of the 2 provisional restoration 
groups when they were loaded in the anterior segment. However, when loads were applied to the distal cantilever, 
metal reinforcement resulted in less vertical displacement of the next-to-last implant. The mean vertical displacement 
of the next-to-last implant when supporting an acrylic resin provisional restoration increased from 20 µm ±3 µm 
(pooled loads of 10-50 N) to 130 µm ±21 µm (pooled loads of 160-200 N), while the vertical displacement of the 
implant when retaining a metal-reinforced acrylic resin provisional restoration increased from 10 µm ±2 µm to 69 µm 
±13 µm under the same loads (P≤.001). A significant difference over load stages (z=-3.22, P<.001) was observed. 

Conclusions. The choice of material used for a provisional restoration significantly influences the vertical displace-
ment of implants placed in artificial bone. When loads are applied to distal cantilevers, load distribution with metal 
reinforcement seems more favorable than with unreinforced acrylic resin. (J Prosthet Dent 2008;100:173-182)

The effect of provisional restoration 
type on micromovement of implants 
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Noteworthy Abstracts of the Current Literature

Display of mandibular and maxillary anterior teeth during smiling and speech: Age and 
sex correlations

Sackstein M.
Int J Prosthodont 2008;21:149-51. 

This study aimed to measure mandibular and maxillary anterior tooth display during smiling and speech and to 
evaluate correlation with age and sex. Ninety-four subjects were video recorded when smiling and when saying “ah” 
or “shesh.” Anterior tooth display was measured using individual video frames. Average mandibular and maxillary an-
terior tooth display showed opposing trends. The former increased with age, had a tendency to be greater in men, and 
was greater during speech than during smiling. The latter decreased with age, was greater in women than in men, and 
was greater during smiling than during speech. Anterior dental esthetic evaluation, especially for the mandible, should 
include observation of speech.

Reprinted with permission of Quintessence Publishing.
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