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Introduction

Implantsupported fixed or removable dental 
prostheses are appropriate treatment modalities for 
completely edentulous patients1). Zirconia is highly 
biocompatible and gains mechanically high fracture 
toughness and flexural strength via transformation 

toughening2). Zirconia frameworks fabricated by 
computerassisted design and computerassis
ted manufacturing (CAD/CAM) technology with 
porcelain veneers are therefore widely used in
stead of conventional metal ceramics35). There 
have been only a few reports regarding milled 
zir conia frameworks used for implantsupported 
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This report describes two cases of complete arch implant-supported restorations. The first patient had seven dental 
implants in each arch with monolithic zirconia frameworks. At four weeks’ follow-up, the one-piece maxillary 
framework was fractured, which was re-designed and re-fabricated using laser-sintered cobalt-chrome alloy. 
The second patient had four implants in the mandible only. A mandibular monolithic zirconia framework and 
a maxillary conventional complete denture were fabricated and delivered. At five years’ follow-up, the patient 
reported no significant discomfort. Careful consideration and monitoring of the status of antagonistic arches and 
stress distribution on zirconia frameworks were suggested for complete arch implant-supported fixed restorations.
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restorations, in contrast to numerous reports 
regarding the use of milled titanium frameworks68). 

This clinical report describes the fabrication of 
zirconia frameworks and complications associated 
with the frameworks for implantsupported 
restorations in two completely edentulous patients: 
one who was rehabilitated with maxillary and 
mandibular cementretained fixed prostheses 
using implantsupported zirconia frameworks, 
and the other with a mandibular screwretained, 
implantsupported fixed prosthesis with a zirconia 
framework and a conventional maxillary complete 
denture. Despite the excellent physical properties of 
zirconia, unexpected events occurred in the former 
case.

Case Report

1. Case 1
A 50yearold woman presented to the Depart

ment of Prosthodontics for the treatment of 
advanced periodontal disease, tooth mobility, and 
tooth loss (Fig. 1A). The patient had no medical 
history or parafunctional habits that could have had 
a negative effect on the maintenance of prostho
dontic restorations. After clinical and radiographic 
examinations, extractions were planned for all of 
the remaining teeth. There were no complications 
during treatment, and the patient wore immediate 
complete dentures for three months. Afterwards, 
the patient no longer wanted to wear complete 
dentures and desired fixed dental prostheses. 
Clinical and radiographic examinations were 
performed with a diagnostic waxup and cone
beam computerized tomography. Fourteen endo
sseous dental implants (Luna; Shinhung Co., Seoul, 
Korea) were planned; seven in each arch with a 
surgical guide (Fig. 1B). The planned definitive 
prostheses were to be cementretained with zirconia 
and titanium abutments. A onepiece framework 
was fabricated for the maxilla and three segmented 
frameworks were created for the mandible.

After four months, preliminary implant level 
impressions were obtained with transfer impre
ssion copings. The individual open trays were 
fabricated with selfcuring resin (Quicky; Nissan 
Dental Products Inc., Kyoto, Japan). The master 
impressions were taken at the implant level using 
polyvinyl siloxane impression material (Imprint II 
Regular Body; 3M ESPE, St. Paul, MN, USA) and 
poured type IV dental stone (Fuji Rock EP; GC 
Europe, Leuven, Belgium) (Fig. 1C, D). Record bases 
with occlusal wax rims and temporary cylinders 
(Temporary Abutment; Shinhung Co.) were fabri
cated on the final casts. The occlusal rims were 
stabilized by tightening the temporary cylinder 
screws. The patient’s occlusal vertical dimension 
was obtained, and the relation between the patient’s 
skull base and maxilla was registered using a 
facebow transfer. Maxillomandibular relations 
were recorded at the patient’s centric relation (CR). 
The definitive casts were mounted onto a semi
adjustable articulator (Hanau Modular Articulator; 
WhipMix, Louisville, KY, USA). Artificial teeth 
were set on the definite implantlevel casts on the 
articulator. The CR was verified at the following 
visit.

Finalized wax dentures were scanned, abut ments were 
milled by a CAD/CAM system (MyPlant; RaphaBio, Seoul, 
Korea), and the pro visional prostheses were created with 
polymethylme thacrylate resin (Lang; Lang Dental Mfg. 
Co., Inc., Wheeling, IL, USA). The abutments were placed 
with the positioning jigs made by autopolymerizing 
acrylic resin (DuraLay; Reliance Dental Mfg. Co., 
Worth, IL, USA), and the provisional prostheses were 
temporarily cemented. After two months with no 
reported discomfort, master impressions were taken at 
the abutment level with a polyvinyl siloxane impression 
material (Imprint II Light Body; 3M ESPE). The master 
impressions were poured with type IV dental stone 
to create final abutmentlevel casts. The master dies 
were trimmed and positioned on the semiadjustable 
articulator (Fig. 1E).

The final casts were scanned and finished frame
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works were designed on the software based on 
provisional restorations. Frameworks for the maxi
llary anterior dentition were designed so that the 
anterior segment of the framework could receive 
single unit crowns, while the framework for the 
mandibular anterior dentition were designed for 
porcelain veneering due to insufficient space (Fig. 

1F, G). Resin prototypes were made and confirmed 
for passive fit, occlusal vertical dimension, and 
horizontal centric positions in the patient’s mouth. 
The definitive monolithic zirconia framework was 
fabricated from a zirconia block (ZirAce; Acucera, 
Seoul, Korea) by CAM. On the articulator, the 
occlusion of the final restorations was adjusted 

A B C

D E F

G H I

J K L

M N O

5 mm

Fig. 1. Case 1. (A) Preoperative panoramic radiograph. Every tooth was considered to be hopeless. (B) Orthopantomograph at 
the time of implant insertion. The implants were placed for fixed prosthodontic restorations three months after all the teeth were 
extracted. (C) Maxillary final tissue model cast. The impression was taken at the implant level to fabricate the milled abutments. (D) 
Mandibular final tissue model cast. The impression was taken at the implant level to create the milled abutments. (E) Customized 
abutments. The cement-retained zirconia and titanium abutments were milled using a computer-assisted design and computer-
assisted manufacturing system. The black arrowheads indicate the incisal pole of the semi-adjustable articulator. (F) Definitive 
maxillary prosthesis. The maxillary zirconia framework was milled and individual crowns were fabricated. (G) Definitive mandibular 
prosthesis. The mandibular zirconia frameworks were milled and veneered with feldspathic porcelain. (H) Prostheses on the master 
dies. (I) Definitive prostheses in the patient’s mouth; frontal view. (J, K) Definitive prostheses in the patient’s mouth; right lateral 
view (J) and left lateral view (K). Notice that the mandibular prosthesis is segmented (arrowheads). (L) Fractured prosthesis. The 
maxillary zirconia framework was fractured into three pieces. The fracture occurred between the canine and the first premolar, and 
the thickness of the framework was limited at the interdental area because the canine single-unit crowns were cemented onto the 
framework (arrowheads). (M) Laser-sintered metal framework. A new metal (Co-Cr) framework was fabricated (arrowheads). (N) New 
maxillary prosthesis. The maxillary implant-supported fixed restoration was inserted into the patient’s mouth, replacing the fractured 
zirconia prosthesis. (O) Follow-up panoramic radiograph. This orthopantomograph was taken at two years after insertion of the new 
prosthesis made with the laser-sintered Co-Cr framework. This implant-supported fixed restoration was functioning well without any 
complications during the follow-up period.
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to group function. The complete arch zirconia 
framework was clinically evaluated for fit at the 
next appointment9). Pressable ceramic crowns (IPS 
e.Max; Ivoclar Vivadent, Schaan, Liechtenstein) 
were fabricated on the zirconia framework for 
singleunit maxillary anterior crowns. For the 
mandibular prosthesis, porcelain was veneered on 
the anterior segment of the framework for esthetics. 
This method was different from the maxilla because 
of the dimensional limit of the mandibular anterior 
dentition. The frameworks were cemented to the 
abutments and the single unit maxillary crowns 
were also permanently cemented (RelyX Unicem; 
3M ESPE) to the maxillary framework (Fig. 1H~K). 
The group function occlusion was finalized in the 
patient’s mouth. 

The patient was given hygiene instructions and 
revisited the clinic 1, 2, and 4 weeks after permanent 
cementation. At the 4week recall appointment, 
the patient complained of maxillary framework 
mobility. When the framework was removed, 
fractures were discovered at the distal ends of the 
left first premolar and canine. The areas of the 
fractured surfaces were evaluated to be over 9 mm2, 
which is recommended for the durability of the 
zirconia connector (Fig. 1L)10). All seven abutments 

were removed and redesigned using a laser 
sintered framework and a cobaltchrome powdered 
base metal alloy11,12). The milled abutments were 
placed and the definitive maxillary framework 
was refabricated and evaluated as mentioned 
above (Fig. 1M~O). The single unit monolithic 
zirconia crowns were fabricated and cemented 
after the cobaltchromium framework was placed 
(Temp Bond; Kerr Corp., Orange, CA, USA). At the 
2year examination after insertion of the remade 
restoration, no negative findings have been detected 
in the clinical or radiographic examinations. 

2. Case 2 
A 59yearold woman presented at the Department 

of Prosthodontics with a chief complaint of tooth 
mobility (Fig. 2A, B). All of the remaining teeth 
were extracted with informed consent. Immediate 
complete dentures were fabricated through the 
conventional method and were worn for 4 months. 
At the 4month recall, the authors found that 
the mandibular complete denture provided no 
retention because of severe alveolar bone loss. 
After comprehensive clinical and radiographic 
examinations by computed tomography, it was 
determined that it was in the patient’s best interests 
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Fig. 1. Continued.
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Fig. 2. Case 2. A preoperative orthopantomograph (A) and clinical oral view (B) of the patient are shown. (C) Zirconia framework. 
The zirconia framework was milled using the copy milling technique. (D) Veneered zirconia restoration. Feldspathic porcelain 
was veneered onto the mandibular zirconia framework. (E) Definitive prostheses. The definitive prostheses were inserted into the 
patient’s mouth: the maxillary conventional complete denture and the mandibular implant-supported fixed complete denture. (F) 
Postoperative panoramic radiograph. The orthopantomograph was taken at the time of insertion. Follow-up periapical radiographs 
at (G) the mandibular right premolar and molar, (H) the mandibular right canine, (I) the mandibular left canine, and (J) the mandibular 
left premolar and molar area. The periapical radiographs were taken at five years after prosthodontic insertion.
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to restore the mandible with a fullarch fixed 
dental prosthesis supported by four implants. 
Fabrication of a conventional complete denture was 
planned for the patient’s maxilla. The patient had 
no medical concerns or parafunctional habits that 
could negatively influence the maintenance of the 
prosthodontic restorations.

Four implants (OsseoSpeed; Dentsply Implants, 
Mölndal, Sweden) were placed in the mandible 
with a surgical guide. The UniAbutments (Dentsply 
Implants), 20 for two anterior implants and 45 for 
two posterior implants, were connected at 15 Ncm 
torque. A preliminary impression was taken with 
the transfer impression copings. Type III dental 
stone was used to fabricate the preliminary cast. 
The pickup type impression copings and custom 
tray were prepared on the preliminary cast for the 
master impression. The impression copings were 
connected to the abutments and were splinted 
together. The final impression was taken at the 
abutment level with polyvinyl siloxane. Type IV 
dental stone was pou red into the impressions to 
create the definitive cast. The mandibular record 
base with temporary cylinders was fabricated on 
the definitive cast. The maxillary occlusal wax rim 
was placed and the mandibular record base was 
screwed onto the implants. The occlusal vertical 
dimension was determined and facebow transfer 
with CR record ing was completed. The final casts 
were mounted onto a semiadjustable articulator 
(Twin Hobby; Shioda Dental Co., Tobara, Japan). The 
zirconia framework was milled using a copy milling 
sys tem (Rainbow; Dentium, Seoul, Korea) (Fig. 
2C). The fit of the mandibular zirconia framework 
was intraorally checked and the passivity was 
con firmed using a similar technique found in a 
previously mentioned study9). The vertical and 
horizontal positions of the patient’s mandible were 
rerecorded and the master casts were remounted 
using the new data. Feldspathic porcelain was 
veneered onto the zirconia framework (Fig. 2D). 
The implant prosthetic screws were tightened at 

15 Ncm torque to connect the prosthesis to the 
implants (Fig. 2E, F). The occlusal relationship 
between the maxillary complete denture and 
mandibular implantsupported fixed restoration 
was adjusted and bilaterally balanced. The patient 
was given hygiene instructions and revisited the 
clinic 1, 3, 6, and 12 months after insertion. At the 
5year recall appointment, the prosthesis was stable 
and marginal bone levels had negligible change (Fig. 
2G~J). 

Discussion

Both patients required rehabilitation of their eden
tulous arches with implantsupported complete 
fixed dental prostheses using zirconia frameworks. 
The zirconia framework of Case 1 unexpectedly 
fractured. Some studies reported that the connector 
size on the zirconia frameworks mainly ranged 
between 9 and 16 mm2,10,13,14). The maxillary 
framework in this case was designed as prepared 
tooth forms for receiving anterior single unit all
ceramic crowns by cementation. Such a design was 
considered to have some disadvantages in lacking 
the proper connector size at the interdental area in 
order to resist fracture. Furthermore, the fracture 
points showed that the stress was concentrated 
during function in the patient’s mouth with three 
aspects. First, the fracture occurred between the 
canine and the first premolar. Second, the fracture 
occurred at the thinner interdental areas between 
the thicker parts of the framework where the 
artificial teeth were placed. Third, the fracture 
occurred in the maxilla. The framework was longer 
in the maxilla than in the mandible. The direction 
of the mastication force vector applied to the 
anterior dentition was labial from palatal in the 
maxilla, while lingual from labial in the mandible. 
Therefore, the maxillary framework underwent 
tensile stress while the mandibular framework 
underwent compressive stress, which ceramic 
materials were more resistant to. The mandibular 
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zirconia framework in this first case had no com
plications and was functioning well during the 
followup period. The lasersintered cobalt
chromium framework, which replaced the fractured 
zirconia framework, was probably more resistant 
to the biomechanical complications although the 
followup period was short and further studies are 
needed11,12).

In Case 2, the onepiece mandibular framework 
remained stable for five years without any com
plications. The zirconia framework used in this 
patient had uniform thickness compared to the 
maxillary framework in the first case. Sufficient 
thickness was provided at the interdental area 
since the porcelain was veneered onto the frame
work. The prosthesis for the opposing arch was 
a conventional complete denture and the masti
catory force was relatively weak as a result. The 
framework structure with uniform thickness 
prevented stress concentration. The direction of the 
mastication force vector was labial to lingual for this 
mandibular framework which meant that the major 
stress during mastication was compressive. Those 
features are considered to have contributed to the 
excellent longterm clinical outcome of this case. 

Within the limits of the present case report, status 
of the antagonistic arch should be considered to be 
an important factor for longterm survival of the 
implantsupported fixed zirconia restoration in the 
treatment of a fully edentulous patient. Zirconia 
framework design according to stress distribution 
is suggested to be another factor affecting the 
longevity of the complete arch implantsupported 
fixed zirconia restoration. Further clinical studies 
are needed with larger sample size. 
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