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Abstract: This clinical report describes the successful implant-
supported prosthetic rehabilitation of a patient who underwent sub-
total bilateral maxillectomy for an oral squamous cell carcinoma with
a consequent wide defect interesting the whole hard palate and most
of the soft palate, causing a large opening that directly connects the
oral cavity to the nasal fossa bilaterally. The innovative aspect of this
case is represented by the realization of an obturator prosthesis sup-
ported by just 3 zygoma implants.

The maxillary bone had been largely excised by radical sur-
gery. Despite the resection had a complete oncological success and
the patient was free of disease after 24 months’ follow-up, the pa-
tient experienced severe speech and deglutition deficit due to the
iatrogenic large oro-antral communication. Three zygoma implants
have been positioned, 2 through the right maxillary bone and, owing
the wide lack of bone, just 1 on the left side. No mucogingival
surgery was necessary around the zygoma implants. The obturator
prosthesis was stabilized by the 3 implants and the patient’s oral
function as well as quality of life widely improved.

The results show that zygoma implants could represent a vi-
able surgical option to obtain a satisfactory oral function rehabili-
tation even in case of extensive maxillary defect.

Key Words: Zygoma implants, maxillectomy, squamous cell
carcinoma, implant-supported prosthetic rehabilitation

Radical oncological excision of oral neoplastic lesions often leads
to a severe impairment of the patient’s oral function. Maxillec-

tomy defects result in the formation of an opening between the oral
cavity and the nasopharynx. Actually, several surgical reconstructive
options exist, including prosthetic obturation,1Y6 nonvascularized

grafts, local flaps, regional flaps, and simultaneous or delayed mi-
crosurgical reconstruction.7Y12 In such cases, radical surgery com-
monly causes large soft and hard tissues defects that seriously impair
chewing, speaking, and swallowing abilities. In such cases, conven-
tional dental implants have been widely used to obtain a satisfactory
mechanical retention of dental prosthesis or obturators. Dental
implants represent a valuable option only when the basal alveolar
bone crest is still present, while their use is impossible in case of
subtotal bilateral maxillectomy due to the absence of both bone and
oral mucosa.13,14

Zygoma implants were developed by Prof. Branemark and had
been originally conceived in order to obtain a stable retention in
those edentulous or oncologic patients with an insufficient bone for
conventional dental implants placement.15 Several studies demon-
strated that the mean dimensions of the malar length and width
provide an optimal bone anchorage for 1 or 2 zygomatic
implants.16,17 They are inserted cortically through the malar bone
achieving a bicortical primary stability even in absence of the whole
anterior part of the upper jaw. Zygoma implants are available in
several lengths, ranging from 30 to 52.5 mm. Moreover, zygoma
implant design offers the maximum bone anchorage with a simple
access to the implant head and a consequent easy abutment con-
nection. The implant head allows to develop prosthesis attachment at
a 45-degree angle to long axis of the implant.18 For all these rea-
sons, zygoma implants are suitable in the rehabilitation after oral
cancer resection.19,20

This clinical report describes the successful management of a
patient affected by a squamous oral cell carcinoma who underwent
subtotal bilateral maxillectomy, followed by a 3Yzygoma-implant-
supported prosthetic rehabilitation.

CLINICAL REPORT

The patient was a 70-year-old man who was referred to our de-
partment for oral rehabilitation in March 2010. The patient had a
history of a subtotal maxillectomy for resection of a squamous oral
cell carcinoma of the hard palate. The surgical resection caused a
large defect involving most of the palate, while just the tuberosi-
ties and a small part of the posterior soft palate remained. Surgical
treatment was complemented by a postoperative radiotherapy pro-
tocol of 40 Gy. A maxillary provisional obturator was placed post-
operatively. The surgical resection caused a bone defect which
corresponded to Class 2c in the classification of maxillary defect by
Brown et al.21 As a direct consequence of the surgery and follow-
ing radiotherapy, the patient suffered from lip incompetence due
to the extreme retraction of all the soft tissues of the upper perioral
region.

At the time of the first visit, the resection site appeared to be
entirely covered by respiratory mucosa. Only the left upper second
molar and the tuberosities were preserved. The defect was extended
from the hard palate to the soft palate, causing an opening to the
nasal cavity bilaterally (Fig. 1). Extraoral examination revealed a
severe loss of upper lip support and left maxillary facial depression
with a severe loss of nasal base support (Fig. 2). The nose appearedFrom the Department of Surgery, Section of Oral and MaxilloFacial Surgery,
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FIGURE 1. Preoperative intraoral view: a wide defect interests the whole
hard and soft palate, causing a large opening that directly connects the oral
cavity to the nasal fosse bilaterally.
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retracted and asymmetrical, while an opening was present between
the left nostril and the endonasal cavity (Fig. 3). Radiographic ex-
amination revealed a minimal remaining of bone. Owing to the
severe periodontal disease affecting the upper second molar, the
patient was no longer able to wear the obturator prosthesis that was
unstable. Despite the aesthetical appearance which was not satis-
factory, the patient just complained about the important func-
tional limitation that had a severe impact to his social and family
relationships.

For this case, there were no reconstructive alternatives to implant-
supported prosthetic obturator, as reconstructive microsurgery was
not considered a viable option due to the age of the patient and his
comorbidities. The patient was affected by diabetes type II, hyper-
tension, and ischemic heart disease.

Once the upper second molar has been extracted, a conventional
obturator was contraindicated due to the absence of a residual al-
veolar ridge and palatal support. Implant therapy was indicated but
nevertheless the extreme bone deficit limited the use of conven-
tional implant placement, leading to the planning of a zygomatic
implant-supported obturator and overdenture prosthesis. The sur-
gery was performed in May 2010. The preoperative CT allowed to
analyze the anatomy of the remaining maxillary and zygomatic
bone and, moreover, to plan the exact location of the zygoma
implants. Unfortunately, the malar bone on the left side was so thin
to allow for just 1 implant to be placed (Fig. 4). Overall, 3 zygoma
implants (Zygoma Fixture; NobelBiocare, Goteborg, Sweden), 2 on

the right side and 1 contralaterally (all of them 35-mm long), were
inserted. Six months after implant placement, the abutment was in-
stalled (Fig. 5). No mucogingival grafts were necessary.

After a 3-month healing period, a multiunit abutment (Nobel-
Biocare) was connected to the implant body (Fig. 6). A transfer im-
pression over the implants was made. Wax occlusal rims formed on
the acrylic record base were used to make the interocclusal record to
transfer the interarch relationship to the articulator, and a facebow
registration was also performed. The model was then mounted in an
articulator.

Wax-up was performed and phonetic tests made for checking
occlusal vertical dimension. Three custom-made noble metal alloy
(Skel 80; Fraccari, Verona, Italy) abutments (Gold adapt engaging
Branemark system RP; NobelBiocare) were positioned and the over-
denture metal framework (Cr_CO Master C 98; Fraccari) modified
in order to allow secondary attachments settling (Ot.Cap strategy
154 PCS; Rhein83, New Rochelle, NY, USA): male on the abutment

FIGURE 2. Preoperative frontal view of the patient: a deep retracting scar is
evident in the nasolabial fold, while the left side of the nasal pyramid appears
to be deeply depressed due to the absence of any skeletal support.

FIGURE 3. Preoperative view of the nasolabial fold: it is evident that the
oncological resection involved the whole premaxilla and most of the hard palate.
A large opening through the left nostril represents a second challenging
problem to be solved.

FIGURE 4. Axial CT scan underlining the poor volume on both maxillary
buttress. The left one appears to be thick and not adapted to give a right bone
anchorage to 2 implants.

FIGURE 5. Custom-made abutments were positioned on the implant heads.
Each abutment was designed and produced in order to individuate the right
loading pathway through the implant axis.

FIGURE 6. A multiunit resin jig was created connecting the 3 implants.

FIGURE 7. Noble metal abutments with secondary male attachments.

FIGURE 8. The framework inside the denture permits an optimal discharge
of the masticatory and loading forces through the prosthesis and the
implants axis.

FIGURE 9. The final upper side of the denture: the prosthesis has a central
blob for the palatal opening, while in the anterior profile of the arch a second
linear blob has been designed to provide support to the nasolabial region.
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(Fig. 7) and female inside the framework (Fig. 8). Finally, resin
obturator (Pro Base; Ivoclar Vivadent, Naturno, Italy) was connected
to the internal body of the overdenture (Fig. 9).

The maxillary denture was completed and inserted in the oral
cavity in February 2011 (Fig. 10). The definitive obturator pros-
thesis demonstrated optimal retention and stability during both
speech and mastication. Following delivery of the prosthesis, the
patient’s response was extremely favorable in relation to speech,
swallowing, and mastication while the patient’s facial appearance
poorly improved. Postinsertion instructions were given with a par-
ticular focus on insertion, removal, and hygiene of the prosthesis. At
1-year follow-up, the patient confirmed his satisfaction and no
significant complaints have been recorded. The masticatory function
of the patient was assessed using an evaluation questionnaire for
complete denture wearers22 (Table 1). No complications such as

sinusitis, perimplant mucositis, or implant mobility were detected
clinically or radiologically (Fig. 11).

DISCUSSION

Radical surgical excision of neoplasm of the jaws often leads to a
severe deficit of the involved anatomical structures. Extensive surgery
for maxillary tumor resection results in severe functional, emotional,
and social impacts for patients. Moreover, immediate reconstruction
with local pedicled flaps or microsurgical flaps is not always possible,
maximizing the postoperative functional impairment.21

Although minor maxillectomy defects can be easily repaired
by means of a combined surgical and prosthetic rehabilitation, major
maxillectomy defects often need a challenging implant-prosthetic
rehabilitation. Indeed, major maxillectomy leads to the complete loss
of alveolar bone and hard palate with a consequent severe loss of
support to the facial soft tissues such as the lip, check, and nose.
Moreover, in most cases surgery is associated to postoperative ra-
diotherapy that always causes an adjunctive impairment of the elas-
tic properties of the aforementioned anatomical facial structures.21

The fabrication of a maxillary obturator is especially chal-
lenging in presence of a large maxillary defect. While the obtura-
tor is essential for restoring facial contour, functional mastication,
articulation, and speech intelligibility, its creation could be actually
impossible in wide maxillary defects. The closure of the defect de-
pends on a pressure-resistant seal of the obturator bulb and a pros-
thetic design that uses all the nearest remaining anatomical structures
to obtain a satisfactory stability and retention. In such case of wide
bone defects, the obturator prosthesis cannot rely on any anatomical
support.

Dental implants positioning represents an optimal option to
create a new anatomical support to the obturator prosthesis. Con-
ventional dental implants are the most common option to treat a
patient with small and medium-sized defects of the upper jaw: in
presence of a well-represented alveolar bone crest, conventional
endosseous implants can allow in most cases a stable support to the
obturator prosthesis.13,14,23

In all those patients that, after a subtotal maxillectomy, cannot
be immediately reconstructed with a microsurgical revascularized
bone flap, the zygoma implants represent the only available option
to obtain a stable support for an obturator prosthesis. The design of
zygoma implants allows the surgeons to insert these implants even
in case of total maxillary bone defect because they obtain a bicorti-
cal stability through the malar bone.15,18Y20 Moreover, zygoma
implants are commonly placed at a 30Y60-degree angle relative to
the occlusal plane20 in order to minimize the large lever arm and,
although no implant fractures have been reported to date, to avoid
any possible postoperative mechanical deficit.

In presence of a severe maxillary atrophy or a wide maxillary
defect, a ‘‘quad’’ approachV1 or 2 zygoma implants in the poste-
rior maxilla and 1 or more conventional implants in the anterior
maxillaVis nowadays considered as the best option. A ‘‘quad’’ ap-
proach based on just 4 zygoma implants inserted in the posterior
maxilla has been also described as a viable option.15,24Y26

FIGURE 10. A frontal view of the patient dressing the denture. Although the
aesthetical result is not satisfactory, the implant-supported rehabilitation
restored a satisfactory speaking and masticatory function.

FIGURE 11. At 1-year follow-up, a 3D CT reconstruction underlines the stability
of all the implants.

TABLE 1. Chewing Function

Class Food Before Treatment After Treatment

1 Whole apple � �
1 Chewing gum � �
1 Dried shell ligament � �
1 Dried cuttlefish � �
2 Fresh ear shell � N

2 Hard pickled radish � �
2 Hard cracker � N

2 Hard biscuit � )

3 Pickled radish � )

3 Peanuts � N

3 Beef steak � )

3 Rice-cake cubes � )

4 Burdocks � )

4 Potato chips � )

4 Boiled fish paste N )

4 Artificially grown soybean � )

5 Boiled carrot ) )

5 Boiled potato ) )

5 Boiled eggplant N )

5 Bean curd ) )

Assessment of chewing function in complete denture wearers based on the food
intake questionnaire method. The present case showed a satisfactory recovery of the
masticatory function. In fact, after treatment the patient has a masticatory ability similar
to those patients wearing complete dentures with optimal retention, fit, and stability.
Open circles indicate easy to chew; open diamonds, difficult to chew; times symbol,
impossible to chew. Chewing factor score: number of open circles/20 � 100.
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In the present case, it was not possible to place more than 1
implant on the left side because of the lack of thickness of the
malar process. Two zygoma implants could not get an effective bone
anchorage on that side. Then, it was assumed that the stability of the
dentition of the right side, based on 2 well-positioned zygoma im-
plants, is equivalent to a normal one, as already described in the
literature.27,28 Therefore, a single zygoma implant on the other side
should not be prone to overload if it has been splinted rigidly to the
other implants.29,30 Due to the wide extension of the palatal defect, it
was not possible to create a cross-arch rigid splintation by means of
a metal bar. Otherwise, the metal bar would have been crossing the
defect and the obturator would not have closing all along the de-
fect’s margins. Therefore, 3 single customized abutments were ob-
tained and OKT attachments (Ot.Cap strategy 154 PCS; Rhein83)
were connected as more axially as possible to avoid lack of re-
tention. Furthermore, the overload on the single zygoma implant
has been avoided by means of a mucosal-implant support of the
overdenture.

The excessive leverage forces on the implant have been previously
reported as one of the most important causes of zygoma implant
failure. Nevertheless, in this case the leverage force on the left im-
plant was counterbalanced by means of an accurate design of the
framework connecting the 3 implants and releasing the forces
through them.30

In the present case, the lack of bone of the anterior maxilla
prevented the placement of any conventional dental implant. The
prosthetic design was thought to provide just a passive support to the
nasolabial fold.

The evolution of osseointegrated implant concepts and design
in combination with remote bone anchorage concept has given the
surgeon new reconstructive options. The most important effect of
the development of zygoma implants is that the possibility of an
implant-supported rehabilitation is now available also for patients
not susceptible of major surgical reconstruction. Although limited
clinical data are available on the long-term performance of zygoma
implants, the literature provides evidence that such implants, asso-
ciated or not to conventional implants, represent a viable and
adaptable option to rehabilitate wide maxillary defects.
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