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Introduction

For a patient with single edentulous arch opposed by a natural or
restored dentition, complete denture or implant assisted overdenture
might not be considered as the standard therapy any more due to vary-
ing support.1 Prosthodontic replacement in irradiated edentulous max-
illa needs meticulous treatment planning due to low bone remod-
eling capacity, radiation caries, periodontal infection and reduced
salivary secretions.2

Implant placement in patients with reduced bone volume in the pos-
terior region can be treated using all-on-4 concept implantation avoid-
ing bone grafting procedures.3-6 The advantages of all-on-4 concept implan-
tation are reduced number of implants needed, capability of longer implant
placement, and decreased cantilever length of prosthesis.7

Zirconia ceramic complete-arch implant-supported fixed dental
prosthesis has been encouraged by high biocompatibility, low
bacterial surface adhesion, high flexural strength and improved esthet-
ic properties.8-10 The metal-resin hybrid prosthesis has shown com-
plications such as fracture of resin teeth or resin base, loosening or
fracture of prosthetic or abutment screws, and fracture of implant
abutments.11,12 Since zirconia based, implant-supported fixed den-
tal prosthesis showed high survival rate up to 100%,11 it could be a
good substitute for metal-resin prosthesis. The purpose of this
case report was to document a treatment procedure of maxillary eden-
tulous patient with all-on-4 concept implantation using customized
titanium abutments and cement-retained zirconia ceramic complete-
arch fixed dental prostheses. Treatment goals were to improve
mastication and esthetics.
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Case Report

A 62-year-old woman was found with ulcerative lesion on the left
maxillary tuberosity and diagnosed as squamous cell carcinoma
(pT2N0M0) 7 years ago. Operation was performed including
wide excision, elective neck dissection of level I to III, recon-
struction of soft tissue defect with partial thickness of skin graft, and
extraction of maxillary right posterior teeth. Adjunctive radio-
therapy was done on primary site and ipsilateral neck with total irra-
diation of 6040cGy 2 month later. On follow-up check of 5 years
after operation, there was no evidence of recurrence or distant
metastasis. However all the posterior teeth were lost in the maxil-
la and left lateral incisor and canine needed to be extracted due to
secondary caries and severe mobility (Fig. 1). It was considered that
possibilities of development of osteoradionecrosis on left maxillary
premolar area due to the irradiation history. However, bone healing
was completed after extraction showing healing potential after
dental implantation.

Her chief complaint was masticatory difficulty and unesthetic appear-
ance due to loss of teeth. She could not bear the use of removable
partial denture due to xerostomia after radiation and reported with
restricted mouth opening (approximately 2.3 cm). She wanted to restore

maxilla only as a result of gloomy prognosis of maxillary and
mandibular remaining teeth due to cervical caries and mobility. A
complete-arch implant-supported fixed dental prosthesis for max-
illa was planned after a thorough discussion with her. 

A cone beam computerized tomography scan (Alphard VEGA 3030,
Asahi Co., Tokyo, Japan) was used to plan an all-on-4 procedure (Fig.
2). Patient was classified into Group 4, based on Malo′s classification,
whose maxillary bone was available up to canine-to-canine region.3

In the Group 4 patient, the 2 posterior tilted implants can be placed
to follow the medial wall of maxillary sinus and restored as first pre-
molars. The 2 anterior axial implants can be placed on 2 central incisor
positions and all 4 implants splinted in one framework can be
cantilevered to 1st molars.3,4,7

The right canine and lateral incisor were atraumatically extract-
ed and the right posterior tilted implant (4.0 × 11.5 mm, USII, Osstem,
Pusan, Korea) was placed with 45-degree inclination along the medi-
al margin of right maxillary sinus according to surgical stent. The
left posterior tilted implant (4.0 × 13 mm) was placed 30-degree
inclination 5 mm apart from the left sinus due to weak bone density.
The two anterior axial implants (4.0 × 13 mm) were placed on the
sockets of central incisors according to Group 4 protocol (Fig. 3). 

After 6 months of healing, 4 implants were exposed and 30�angled

Fig. 1. Preoperative diagnostic panoramic radiograph. Fig. 2. Computerized tomographic view of planned implant positions for all-on-
4 concept.

Fig. 3. Placement of implants. (A) Intraoral surgery images of implants placed in the maxilla. (B) Panoramic radiograph after all-on-4 implant placement surgery.
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abutments (Multi-unit abutment, Nobel Biocare AB, Göteborg,
Sweden) and impression copings (Multi-unit impression copings,
Nobel Biocare AB) were placed on 2 tilted implants. Implant lev-
el impression copings (Osstem, Pusan, Korea) were connected
on 2 axial implants and 4 impression copings were splinted with den-
tal floss and autopolymerizing acrylic resin (Pattern resin, GC, Tokyo,
Japan) (Fig. 4A). After 15 minutes of polymerization of acrylic resin,
an impression was made using a high-viscosity polyvinyl siloxane
impression material (Honigum Mono, DMG, Hamburg, Germany)
in a custom open tray. The angled abutments were retrieved from
the mouth and an implant-level definitive cast was fabricated (Fig.
4B). Screw-retained acrylic resin prostheses with temporary titanium
abutments were delivered and followed up for 3 months (Fig.

4C). Occlusal contacts from right 1st premolar to left canine and no
occlusal contact on cantilevered right 2nd premolar were maintained.
Canine guidance during right and left lateral excursions and protrusive
incisal guidance were provided in the provisional prosthesis. 

A cement-retained implant-supported fixed prosthesis was
planned after analysis of angulation and position of 4 implants.
Computer-aided design and computer-aided manufacturing (CAD/
CAM) titanium abutments (Smartfit abutment, Osstem, Pusan,
Korea) were fabricated on 4 implants (Fig. 5) and new provision-
al prosthesis using 4 CAD/CAM abutments was delivered to
examine the function and esthetics (Fig. 6). After 3 months, the
CAD/CAM abutments were retrieved and old provisional prostheses
was redelivered. The CAD/CAM abutments and new provisional

Fig. 4. Impression and provisional prosthesis. (A) Splinted impression copings connected to implants, (B) Definitive implant-level cast, (C) Delivery of provisional restora-
tions with temporary abutments.
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Fig. 5. Digital design of customized titanium CAD/CAM abutments. (A) frontal view, (B) sagittal view.
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prosthesis were placed on the mounted cast and digitally scanned
with a laboratory scanner (Ceramill Map400, Amann Girrbach,
Koblach, Austria). Zirconia framework was designed with software
(Ceramill Mind v 2.7.05, Amann Girrbach) to mimic the provisional
prosthesis (Fig. 7A). The zirconia framework was milled from the
pre-sintered zirconia disc (Zolid, Amann Girrbach) using a 5-axis
milling machine (Ceramill Motion2, Amann Girrbach). The mar-
gins were examined and the zirconia framework was crystallized in
a sintering furnace (Ceramill therm, Amann Girrbach). Veneer
porcelains (IPS e.max Ceram, Ivoclar Vivadent, Schaan, Liechtenstein)
were added to the labial surfaces of zirconia framework and fired
in a ceramic furnace (Fig. 7B). 

The CAD/CAM titanium abutments were connected to 4 implants

and radiographically confirmed. The abutments were tightened to
20 Ncm torque twice with 10-minute intervals using a hand torque
wrench in consideration of weak bone density.13 The marginal
and internal adaptation of zirconia framework was confirmed with
a dental explorer and evaluated with fit checker. Minor occlusal adjust-
ments were done and the definitive complete-arch implant-supported
fixed dental prosthesis was delivered using temporary cement at first
and cemented using an adhesive resin cement (Rely X Unicem, 3M
ESPE, Neuss, Germany) after 3 months (Fig. 8A). The patient has
been seen every 6 months as a recall. After 2-year follow-up,
there were no complications with the zirconia ceramic prosthesis or
implants (Fig. 8B).

Fig. 6. CAD/CAM abutments. (A) Connected customized abutments to implants, (B) Provisional restoration on the CAD/CAM abutments.

A

Fig. 7. Fabrication of zirconia ceramic prostheses. (A) Digitally designed zirconia framework, (B) Fabricated porcelain veneered zirconia fixed dental prostheses.
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Fig. 8. Definitive zirconia prostheses. (A) Delivery of definitive zirconia ceramic prostheses, (B) Panoramic view of definitive prostheses in the patient.
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Discussion

Salivary changes in volume and viscosity after irradiation of major
salivary glands predispose the patient to caries and periodontal dis-
ease.2 All radiation-induced xerostomia patients are susceptible to
cervical caries that may involve the entire circumference eventually
leading to amputation of crowns.2

The patient had severe xerostomia and restricted mouth opening
after radiation therapy. She lost all the molars and premolars in the
maxilla due to cervical caries and periodontal infection. The loss of
teeth seemed to be continuing in her mandibular teeth even though
she was recalled regularly.

These changes also attribute to impairment of deglutition and poor
tolerance of prosthetic restorations.2 She tried to use maxillary
and mandibular removable partial dentures for several years, but failed.
She strongly refused to wear the removable partial dentures due to
xerostomia, and an implant-supported fixed dental prosthesis using
all-on-4 concept implantation was planned. 

According to the treatment plan for Group 4,3 the posterior tilt-
ed implants can be restored as the 1st premolars and then cantilevered
to the 1st molars. However, following cancericidal doses of radiation
therapy, significant changes in bone affect the remodeling capability
of bone.14 The implants in irradiated bone appeared to have significantly
lower success rates than implants in non-irradiated bone and
demonstrated advanced bone loss at an early stage. When the
tumor dose exceeds 5500 cGy, conventional dental treatment can-
not be employed.14 However, a dose of 6040 cGy was delivered to
her left maxilla, the implant placed on that site was osseointe-
grated well enough to deliver a fixed dental prosthesis. 

In this case, the right tilted implant was used as an abutment for
the 1st premolar and extended to the 2nd premolar due to the
absence of opposing teeth. On the other hand, the left tilted implant
could not follow the left sinus wall because of weak bone density
of irradiated maxilla, and restored as canine without cantilevered exten-
sion. She had no opposing teeth in the left side also. This type of short-
ened arch restoration could be beneficial for irradiated maxilla in accor-
dance with the remaining mandibular dentition. After rehabilitation
of completely edentulous mandible with implant-supported fixed
prosthesis using 4 or more implants, maxillary zirconia ceramic fixed
dental prosthesis can be extended to the 1st molars in both sides.

Immediate implant placement after extraction of 4 remaining teeth
was planned because tooth-supported surgical guide was easily sta-
bilized on the central incisors. Eventually the two anterior axial implants
were immediately placed on the sockets of central incisors without
surgical guide. As a matter of fact, since they were positioned
too facially to hide access holes, a cement-retained fixed dental pros-
thesis was chosen for this patient to improve the esthetics and

function. 
The CAD-CAM titanium abutments were fabricated to increase

the dimension of implant abutments for better support of complete-
arch zirconia fixed dental prosthesis. The prefabricated angled
abutments for conventional hybrid prosthesis can be damaged by
inadequate cylinder dimensions in a zirconia-based prosthesis.15

Although the cement-retained implant prosthesis is lacking in
retrievability, the access to the abutment screws can be located pre-
cisely using a CAD-CAM screw channel drilling guide.16

The patient was satisfied with CAD-CAM zirconia fixed dental
prostheses with all-on-4 concept implantation in edentulous max-
illa. Since the zirconia-based fixed dental restorations exhibited 7%
higher veneer chipping and less than 1% core fracture,17 the patient
was scheduled for aggressive regular check-up. 

Conclusion

The presented treatment using all-on-4 concept implantation
and CAD-CAM titanium abutments resulted in the prosthetic
restoration of an irradiated edentulous maxilla and improved mas-
tication and esthetics. 
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방사선치료를 받은 상악에 임플란트 지지 고정성 보철물을 이용하여 수복하는 것은 골치유능력이 낮기 때문에 상세한 치료계획이 필요하다. All-
on-4 개념에의한임플란트식립은골이식을피하면서임플란트를매식할수있어 유리하다. 일반적으로경사된임플란트에는기성경사형지 주

를사용해왔다. 본임상증례에서는 computer-aided design and computer-aided manufacturing (CAD/CAM)으로제작된지 주를사용하 다. 본증례는 all-
on-4 개념에의해임플란트를매식하고 CAD/CAM titanium 지 주를제작한다음 CAD/CAM zirconia 고정성보철물로수복하여좋은결과를얻었기

에보고하고자한다. ( 한치과보철학회지 2017;55:218-24)
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