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Prosthodontic Procedures for an Implant-Supported Maxillary
Full-Arch Fixed Prosthesis Opposing Mandibular ImplantSupported Fixed Prostheses
Yu-Hwa Pan, DDS, MS; Lance R. Ramp, DMD, PhD; Ching-Kai Lin, DDS;
Yu-Fu Shen, DDS; Perng-Ru Liu, DDS, DMD, MS
The maxillary full-arch implant-supported fixed prosthesis represents a challenge due to
the structural limitations of the existing premaxillary ridge and maxillary sinus. Prior to initiating implant treatment, it is critical to consider the necessary clinical and laboratory procedures needed to obtain an optimal level of patient and clinician satisfaction.
Consideration must be given to establish a comfortable, cleansible prosthesis with a stable,
harmonious occlusion that also meets esthetic and phonetic requirements. A 56-year-old
female presented at the Graduate Prosthodontic Clinic at the University of Alabama at
Birmingham to extract 4 mandibular incisors and the left mandibular first molar, due to
advanced periodontitis. Steri-Oss root form implants (3.8-mm and 5.0-mm diameter) were
subsequently placed (8 maxillary and 3 mandibular). To evaluate esthetics, vertical dimension of occlusion, and anterior guidance, screw-retained fixed provisional restorations were
fabricated for both arches by means of a pick-up impression technique. Cement-retained
definitive restorations were constructed and cemented using an acrylic/urethane-based provisional cement (ImProv). Occlusal contacts associated with protrusive and lateral movements
were adjusted and oral hygiene instruction was reinforced subsequent to insertion of the
prostheses. (Chang Gung Med J 2006;29(4 Suppl):76-84)
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I

n 1997, Branemark reported on a dental implant
system (Nobel Biocare, Sweden), providing a predictable surgical protocol for placing cylindrical,
endosteal implants.(1,2) The use of these implants in
the rigid fixation of dental prostheses concurrently
with the development of further surgical and restorative techniques has benefited many partially and
fully edentulous patients.(3,4) For partially edentulous
patients, implantation is a technique used to replace
missing teeth that avoids the reduction of tooth structure associated with the fabrication of conventional

prostheses.(2) Moreover, these patients can be provided with a restorative option that avoids the possible
esthetic compromise and discomfort associated with
conventional removable partial dentures.(3) For fully
edentulous patients, implant-supported or implantretained overdentures should improve the support
and stability of the prosthesis as compared to conventional removable prostheses, with the net benefit
of enhanced comfort and increased masticatory function.(3,4) Because of the success of implant treatment,
patient-specific implant therapy options should be
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routinely presented to the patient during the treatment-planning phase. Options to be considered by
the dentist include the retentive mechanism
employed (screw-retained or cement-retained)(1) and
choice of impression technique (closed-tray or the
open-tray “pick-up” impression technique). (5)
Provisional fixed restorations (cement- or screwretained) should be carefully designed and fabricated
for progressive occlusal loading, esthetic evaluation,
soft-tissue modification, and patient education prior
to finalizing the definitive prosthesis for the patient.(5)
The importance of the above issues needs to be clearly emphasized to the patient during the time between
the first and last prosthodontic procedures. Due to
the relative variability of the premaxillary ridge morphology and maxillary sinus anatomy, surgical considerations become more complex when contemplating the use of an implant-supported maxillary fullarch fixed prosthesis.(6) Prosthodontic procedures
such as reconstruction of the vertical dimension of
occlusion, esthetic evaluation of intraoral and extraoral states, and establishing anterior guidance must all
be seriously and carefully considered in planning for
an implant prosthesis. The purpose of this case report
was to discuss the critical prosthodontic issues associated with such a restoration and related clinical and
laboratory procedures.

CASE REPORT
A 56-year-old female presented at the Graduate
Prosthodontic Clinic of the University of Alabama at
Birmingham with a chief complaint of “looseness of
my lower teeth”. The patient reported no history of
systemic disease or medically compromised condition. Clinical examination revealed that the patient
was edentulous in the maxillary arch. Periodontal
examination revealed that 4 mandibular incisors and
the left mandibular first molar had advanced periodontitis associated with severe alveolar bone loss
(over 50%). After consultation with a periodontist, it
was deemed necessary to extract these teeth (Fig.
1A). The vertical dimension of occlusion was estimated with extraoral measurements determined prior
to extraction as well as from the pronasale-pogonion
distance as determined by cephalometric radiograph
analysis of the patient’s centric relation position (75
mm). After presentation of all treatment options, the
patient selected fixed restorations for the final pros-
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A
Fig. 1A Panoramic radiograph of pre-treatment maxillary
and mandibular arches.

thetic design. A maxillary interim complete denture
and a mandibular removable partial denture were
fabricated as transitional prostheses for reasons of
esthetics and function during the interim phase of
treatment. Full-mouth periodontal treatment including scaling and subgingival curettage was performed
in the Department of Periodontics at the University
of Alabama at Birmingham. Two months subsequent
to extraction of the mandibular teeth, panoramic and
computer-assisted tomographic radiographs were
made for evaluation of the implantation site. The
panoramic radiograph was used to estimate anterior
and posterior available ridge height of maxilla
(respectively, about 10-12 mm and 1-2 mm) and
mandible (respectively, about 12-14 mm and 10-12
mm), the location of the mandibular canals and mental foramina, trabecular bone patterns, and cortical
bone thickness. Computer-assisted tomography was
used to study the three-dimensional aspects of jaw
architecture and bone density. Prior to maxillary
implant placement, bilateral maxillary sinus-lift procedures were deemed necessary due to limited available posterior ridge height (1-2 mm). The relatively
simple surgical requirements noted for the mandibular arch allowed the periodontist to place the
implants without other preparatory surgery. Three
Steri-Oss (Nobel Biocare, Yorba Linda, CA, USA)
root form implants 3.8-mm in diameter and 12-mm
long were placed in areas of the left mandibular central incisor, first molar, and the right mandibular lateral incisor. During the following 9 months, bilateral
maxillary sinus lifts were performed with DFDBA
(Pacific Tissue Bank, Los Angeles, CA, USA), auto-
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genous bone graft, and the insertion of a nonresorbable membrane (PeriAid, Collagen Matrix
Inc., NJ, USA). Afterwards, six Steri-Oss externallyhexed threaded titanium implants 3.8-mm diameter
and 12-mm long were inserted by the periodontist at
the site of the right and left maxillary first premolar,
the second premolar, and the first molar regions.
One Steri-Oss externally-hexed threaded titanium
implant 3.8-mm in diameter and 10-mm long was
placed in the left maxillary second molar region.
One Steri-Oss externally-hexed threaded titanium
implant 5.0-mm in diameter and 10-mm long was
located in the right maxillary second molar region.
A surgical stent duplicated from the maxillary interim denture was used at implant placement surgery to
ensure parallelism between implants. After a further
healing period of 6 months, all 11 implants (8 maxillary and 3 mandibular) were surgically exposed (Fig.
1B). Implant-supported screw-retained provisional
fixed prostheses were designed and fabricated to
restore the vertical dimension of occlusion, provide
an esthetic preview for the definitive prostheses, and
to establish anterior guidance. A pick-up impression
technique (open-tray impression technique) was used
to transfer the orientation of the implant hex from the
patient’s mouth to the definitive maxillary and
mandibular casts to fabricate provisional restorations. To prevent movement of the impression posts
when the impression tray was removed from the
patient’s mouth, Duralay (Dental Mfg. Co., Worth,
IL, USA) resin material was used to connect the
pick-up impression posts. To reproduce soft tissue
contours, the definitive casts were partially filled
with Gingifast silicone material (Elastic gingival
mask vinyl siloxane material, Zhermack, Italy), followed by dental stone (Whip Mix Corporation,

B
Fig. 1B Panoramic radiograph of maxillary and mandibular
implants.
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Louisville, KY, USA). Eight healing abutments
adjusted to fit the soft-tissue cuff height of each
implant were inserted into the implant analogs in the
maxillary definitive cast. A maxillary base plate was
fabricated using a Triad light-curing custom-tray
material (Dentsply, York, PA, USA). To increase the
stability of the record base during jaw relation procedures, polyvinyl siloxane (PVS) light body impression material (Express, GC Corporation, Tokyo,
Japan) was used to reline the tissue surface of the
base plate. A similar technique had been discussed
previously by Rungcharassaeng and Kan,(7) although
these authors used Triad light-curing material only,
instead of using a PVS relining material to adapt the
base plate to the healing abutments. It is possible that
the base plate could fracture when constructed of
only a light-curing resin material, due to the shrinkage of the resin material into undercuts around the
healing abutments. However, the mechanically stable
and flexible PVS material can conform to the healing
abutments and increase the retention of the base plate
without the risk of breakage. The patient’s vertical
dimension of occlusion was determined by measuring the distance from the pronasale to the pogonion
extraorally at the mandibular centric relation position
(76 mm). This measurement compared favourably
with the patient’s existing pre-treatment records as a
reference source (75 mm). A 3-mm freeway space
was estimated between the rest dimension and the
vertical dimension of occlusion. The maxillary base
plate and wax rim was adjusted and the interocclusal
registration was made with Futar D PVS material
(Kettenbach Dental Co., Eschenburg, Germany) at
the determined vertical dimension of occlusion.
After the interocclusal registration was made, a facebow transfer was performed, and the maxillary and
mandibular definitive casts were mounted on a semiadjustable articulator (Whip Mix Corporation,
Louisville, KY, USA). Eleven Steri-Oss temporary
abutments were inserted and prepared for each analog on the definitive casts. Inlay wax (Maves Co.,
Cleveland, OH, USA) was used to form the provisional restorations, which were then processed using
heat-polymerized acrylic resin (Meliodent; Heraeus
Kulzer Inc, South Bend, Ind.). Pink acrylic repair
resin (Hygenic Repair Acrylic, The Hygienic
Corporation, Akron, OH, USA) was used to modify
the cervical portion of the anterior teeth on the maxillary provisional restoration to simulate the pink
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gingival porcelain planned for the definitive maxillary anterior teeth. Both restorations were subsequently finished and highly polished. After adjusting
for intraoral fit, the provisional restorations were
cemented in place using an acrylic/urethane-based
provisional cement (ImProv, Nobel Biocare SteriOss, Yorba Linda, CA, USA). Four months subsequent to insertion of the provisional restoration, a
detailed evaluation of the patient’s overall dental
condition was undertaken and described as follows:
the vertical dimension of occlusion was re-evaluated
by measurement of the pronasale-pogonion distance
using a cephalometric radiographic taken at the centric relation position. Additionally, extraoral evaluation and comparison with the corresponding pretreatment records was accomplished. The difference
between this extraoral measurement and that previously determined from pre-treatment status (i.e. preextraction) demonstrated a 1 mm increase in the vertical dimension of occlusion. Periapical radiographs
were made of each implant to evaluate and compare
the bone level surrounding the implant fixtures with
previous records. No bone loss was found by comparison of periapical radiographs. The oral hygiene
was inspected using disclosing agent (The Lorvic
Corp., St. Louis, USA) and home care instructions
were reiterated. An impression using the transfer
impression technique (closed-tray impression technique) was made to fabricate soft-tissue definitive
casts for implant-supported definitive restorations.
Eleven Steri-Oss 3.8-mm diameter cement-retained
Esthetic abutments (Nobel Biocare Steri-Oss, Yorba
Linda, CA, USA) were connected onto the definitive
casts. The labial margin of the Esthetic abutment was
set lower than the lingual margin to improve esthetics of the labial side and enhance biocompatibility of
the lingual side. Subsequent to abutment preparation
on the definitive casts, a Duralay jig was fabricated
to accurately transfer the abutments from the definitive casts to the patient’s mouth. Provisional restorations were transferred to the definitive casts to establish the vertical dimension of occlusion on the articulator and to fabricate the customized anterior guide
table. A condensation type PVS material jig
(Coltoflax, Coltene/Whaledent Inc, Mahwah, NJ,
USA) was fabricated as the reference for metal-coping waxing and porcelain packing (Fig. 2A). Once
the porcelain work had been completed, the prostheses were inserted and the patient’s occlusion was
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A
Fig. 2A Polyvinyl siloxane jig for reference of metal copings wax up and porcelain packing.

adjusted. The occlusal scheme for excursive movements was established as brushing contact of the
anterior teeth and group function for the posterior
teeth. The prostheses (implant-supported, 14-unit
maxillary full-arch porcelain-fused-to-metal fixed
partial denture, and implant-supported 5-unit
mandibular porcelain-fused-to-metal fixed partial
denture and single crown) were then cemented in
place with an acrylic/urethane-based provisional
cement (ImProv, Nobel Biocare Steri-Oss, Yorba
Linda, CA, USA). Upon completion of work, the
frontal view (Fig. 2B), occlusal views (Fig. 3A and
Fig. 3B), and lateral views (Fig. 3C and Fig. 3D) of
the maxillary and mandibular arches demonstrated a
pleasing esthetic outcome of the definitive prostheses
for this patient. Oral hygiene instruction was reinforced with the patient being given an interproximal

B
Fig. 2B Frontal view of definitive restorations in place intraorally.
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A

D
Fig. 3D Left lateral view of definitive restorations in place
intraorally.

Fig. 3A Occlusal view of definitive restorations in maxilla
intraorally.

brush (Dental Pro, Tokyo, Japan) and sufficient
instruction in its use. Further, the patient was
requested to set up a recall appointment every 3
months. At the first follow-up visit, the patient
reported that the resultant lip support and dental profile provided by the new prostheses were much more
satisfactory than was the case previously (Fig. 4AD), and that her chewing function had improved
markedly. At the 3-year follow-up visit, the occlusion of the implant-supported fixed prostheses was
stable and osseointegration of 11 implants was intact.

B
Fig. 3B Occlusal view of definitive restorations in mandible
intraorally.

C
Fig. 3C Right lateral view of definitive restorations in place
intraorally.

A
Fig. 4A Frontal view of pre-treatment record extraorally.
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D
Fig. 4D Profile view of post-treatment record extraorally.

B
Fig. 4B Frontal view of post-treatment record extraorally.

C
Fig. 4C Profile view of pre-treatment record extraorally.

DISCUSSION
The specific positioning of the implants in the
maxilla for a maxillary implant-supported full-arch
restoration is an important issue for both esthetic and
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biomechanical reasons.(8) From an esthetic viewpoint,
implants ideally should not be placed in the anterior
region to avoid esthetic compromise of the definitive
prosthesis. For biomechanical reasons, implant positioning should be distributed among the anterior and
posterior regions to decrease the potential for cantilever effects. However, occlusal forces may also be
distributed away from anterior implants by balanced
posterior contact during excursive movements, thus
decreasing the loading of anterior implants.(8) For this
patient, the final esthetic appearance was given due
consideration at the restoration-planning phase, and
the implants placed, in a reasonably evenly spaced
fashion, from the maxillary first premolar to the second molar regions. This was done to achieve the best
cosmetic result for the anterior teeth. To mask the
severe tissue loss of the premaxillary ridge, a pink
porcelain design for anterior pontics was planned.
Cement-retained definitive prostheses were
selected rather than screw-retained alternatives, to
facilitate esthetic and occlusal considerations. The
screw opening for such a restoration would occupy
between thirty and fifty percent of the occlusal surface, compromising the esthetic result, interfering
with the development of optimal occlusion and jeopardizing the axial loading principle of implants. (8)
Earlier clinical reports have revealed higher complication rates with a screw-retained prosthetic design
as compared to a cement-retained restoration,(9-12)
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suggesting that cement-retained prostheses may be a
better choice for such prosthetic work. The second
reason for selecting a cement-retained restoration is
that under normal circumstances, an ideal passive fit
of the metal framework within the body of the prosthesis is easier to achieve than for screw-retained
prostheses. A passive-fitting framework is always
preferred for an implant-supported prosthesis, however, dimensional discrepancies in the range of 291
to 357 µm were reportedly found in castings as
reported in a study by Misch.(13) Due to the difficulties encountered with casting accuracy, the misfit of
screw-retained prostheses may result in a greater
level of masticatory pressure being imparted to the
screw-retained implant fixtures, with subsequent failure of osseointegration of the prosthesis. (14,15)
Conversely, machine-made abutments used for the
cement-retained prosthetic design result in a more
passive fit. Misch(13) outlined a series of advantages
for cement-retained implant prostheses compared
with screw-retained implant prostheses. Cementretained restorations provide a passive stable environment because they are cemented on well-adapted
machined abutments with fit discrepancies being
negated by the grouting action of the cement.
Frameworks of cement-retained design usually may
be seated and adjusted by use of routine chair-side
clinical procedures and disclosing media. Sectioning
and soldering is not a routine procedure as it is for
screw-retained castings. The lack of screw holes in
cemented prostheses improves esthetics and
enhances the physical strength of porcelain or acrylic
resin, resulting in less fracture. Additionally, the
occlusion can be better developed to facilitate axial
loading. Cement-retained implant prostheses result in
reduced chair time and provide easier access where
vertical space is limited. Reduced costs and complexity of components along with simpler laboratory
procedures are important advantages attributed to the
cement-retained design.(8)
The ability of the bone-implant interface to survive under loading is a result of many factors.
Biomechanics, biomaterials, interfacial loading, and
physiologic response are all relevant issues for
implant and bone health. In 1988, Brunski(16) clearly
defined the enormity of the problem. Many factors
interact in a complex manner to produce a load at the
bone-implant interface. Axial loading is preferred for
implants and the bone-implant interface, and offset
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loading may be harmful. Although the literature is
inconclusive in determining the negative consequences of offset loading on the bone-implant interface, biomechanical principles show that increasing
offset loading increases the stress at the bony interface.(17-21) The limit at which the load transfer goes
beyond the body’s ability to respond positively has
not been determined and is unique to the individual
implant. The bone-implant interface appears able to
survive with some degree of offset loading. The
occurrence of offset loading may be increased when
using screw-retained implant restorations(22,23) and
may be responsible for screw loosening and breakage.(24,25) As such, prudent control of offset loading is
suggested through prosthetic design. Because of the
apparent advantages of cement-retained design in
terms of esthetics and the ability to produce axial
loading, we elected to use the cement-retained design
for the definitive restorations of this patient.
The benefits of a pink porcelain design for the
cervical portion of a definitive prosthesis have been
discussed by Potashnick.(5) Such a design was considered for this patient to compensate for the severe
soft-tissue and bone loss experienced following tooth
removal. Pink acrylic resin was used for the provisional restoration as a prosthetic preview of the final
restoration. This alternative could provide a desirable
prosthetic solution for patients not expected to benefit from soft-tissue grafting and ridge augmentation.
The luting agent used to cement the provisional
and definitive restorations was an acrylic/urethanebased provisional cement (ImProv, Nobel Biocare
Steri-Oss, Yorba Linda, CA, USA). It was selected
because it is easy to clean up following cementation
and for the relative retrievability of the prosthesis for
future maintenance.(26-28)
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