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Rehabilitation of severe maxillary atrophy with 
zygomatic implants. Clinical report of four cases
B. Aghabeigi1 and V. A. Bousdras2

Rehabilitation of the severely resorbed maxilla poses a diffi cult challenge, for both restorative and surgical colleagues, as 
the typically large maxillary sinuses in this group of patients require extensive bone grafting if root form dental implant 
placement is considered. Acceptance is low, due to disadvantages associated with: i) an additional surgical procedure for 
an iliac bone graft harvesting and, ii) an overall delay in delivery of the fi nal implant-supported prosthesis. The zygomatic 
implant placement procedure does not require any adjunctive procedures. Furthermore, the ability to immediately use ex-
isting dentures and the lack of need for bone grafting and prolonged hospitalisation makes this treatment modality more 
acceptable to the patient. Four cases are reported that demonstrate the successful treatment of a severely atrophic maxilla 
with either a fi xed prosthesis supported by two zygomatic and a minimum of three standard dental implants or an over-
denture supported by two zygomatic and one standard dental implant.

INTRODUCTION
Placement of dental implants in the pos-
terior maxilla is often jeopardised by 
the size and extension of the sinus cavi-
ties and inadequate amounts of bone. 
Atrophic processes can be accelerated 
by removable dentures as well.1 Surgi-
cal procedures were therefore devel-
oped to elevate the fl oor of the sinus 
and fi ll the hereby created cavity with 
bone or a substitute material, in order 
to subsequently install dental implants.2 
Autogenous bone, harvested from the 
iliac crest, remains the optimum bone 

grafting procedure including maxillary 
sinus augmentation techniques. In view 
of the extreme maxillary atrophy, the 
conventional surgical approach would 
have been maxillary augmentation with 
or without a titanium mesh and particu-
late cancellous bone marrow graft from 
the iliac bone.3 Another option could 
have been a Le Fort I osteotomy with an 
interpositional iliac corticocancellous 
block graft.4 

Extraoral bone harvesting necessi-
tates increased hospitalisation, fi nan-
cial costs, donor site morbidity and 
functional limitations. Moreover, there 
is up to 8.6%5 risk of complications fol-
lowing iliac crest bone graft harvesting. 
Even higher morbidity rates6 including 
pain (14%) and neurosensory defi cits 
(26%) have been reported lately. Finally, 
unpredictable reduction in size of the 
bone graft, because of resorption, is a 
frequent fi nding.7

The acceptance of this approach is low 
by both patients and clinicians due to 
the following reasons:

1. The psychological fear of being sub-
jected to a relatively major surgical 
procedure

2. The need for hospitalisation and 
morbidity associated with a distant 
donor site, particularly the restricted 
mobility associated with an iliac 
bone graft

3. Inability to use the existing denture 
during the graft healing period. This 
precaution is intended to minimise 
graft resorption by eliminating 
transmission of occlusal loads to the 
grafted site during the healing phase

4. Increased costs of the procedure 
including the cost of hospital stay, 
use of in-patient operating facilities 
and a second surgical team for the 
bone harvest

5. Extended treatment time with delayed 
implant placement four to six months 
following the grafting procedure. 
Simultaneous placement of dental 
implants at the time of bone grafting 
is avoided due to a lower success rate 
than delayed placement.
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• Zygomatic implants may be considered as an alternative to bone augmentation 
procedures in the management of severe maxillary atrophy.

• The zygomatic implant placement procedure does not require any adjunctive procedure.
• These implants could be successfully used to support a maxillary overdenture or a fi xed 

bridge.
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An alternative treatment for this 
group of patients is the zygomaticus 
implant, introduced by Branemark in 
19898 (Nobel Biocare AB, Gothenburg, 
Sweden). The implant is a titanium endo-
steal implant ranging in length from 30 
mm to 52.5 mm. The surgical procedure 
is carried out under general anaesthe-
sia as described elsewhere.9 Briefl y, fol-
lowing bilateral elevation of the buccal 
mucoperiosteal tissue, removal of the 
lateral sinus bony window posteriorly 
and refl ection of the antral mucosal 

lining, two zygomatic implants are 
inserted engaging the dense bone of 
the body of zygomatic arch, emerging 
intraorally in the upper premolar region 
just palatal to the alveolar crest. Each 
implant is introduced into the second 
premolar area, traversing the maxillary 
sinus, and is placed into the body of the 
zygomatic bone.

Synchronous placement of a minimum 
of four dental implants in the canine 
and the central incisor maxillary area, 
allows for fabrication of a fi xed hybrid 
prosthesis. Alternatively, placement of 
two zygomatic implants and at least two 
standard dental implants at the pyri-
form buttresses allows construction of a 
bar to support a maxillary overdenture 
without the need for any bone grafting. 
In case more root form dental implants 
can be placed in the pre-maxilla a fi xed 
prosthesis could be fabricated. The fol-
lowing case reports help to illustrate 
the above.

CASE REPORT 1
Fixed prosthesis supported by two 
zygomatic and four root form implants
A 52-year-old patient was referred to 
the Oral Surgery Clinic (Eastman Den-
tal Hospital and Institute) in 1999 com-
plaining of a loose maxillary denture. 
On clinical examination there was 
severe maxillary atrophy which was 
treated with a fi xed maxillary prosthesis 
supported by two zygomatic (Nobel Bio-
care, Gothenburg, Sweden) and four pre-
maxillary machined surface Branemark 

System implants (Mk III, Nobel Biocare, 
Gothenburg, Sweden) placed in right 
and left lateral incisor and canine sites. 
His medical history included asthma 
and chronic sinusitis for which he had 
already received treatment in 1991. The 
postoperative period was uneventful.

At second stage surgery all implants 
were exposed and cover screws were 
replaced by multiunit abutments (MU, 
Nobel Biocare, Gothenburg, Sweden) of 
appropriate length (Fig. 1). Additionally 
the remaining right upper lateral incisor 
and canine roots were extracted under 
local anaesthesia. Finally, the patient 
received a fi xed maxillary denture on 
a gold bar nine months after implant 
placement (Fig. 2).

CASE REPORT 2 
Fixed prosthesis supported by two 
zygomatic and three pre-maxillary root 
form implants
A 55-year-old patient had severe maxil-
lary atrophy which was treated with a 
fi xed maxillary prosthesis in 2003. This 
was supported by two zygomatic implants 
(Nobel Biocare, Gothenburg, Sweden) 
splinted to three root form machined 
surface Branemark System implants (Mk 
III, Nobel Biocare, Gothenburg, Sweden) 
placed in the anterior maxilla. Initially, 
a fourth posterior left root form dental 
implant was placed in the pre-maxilla 
at the same time of zygomatic implant 
placement (Fig. 3) however, that implant 
failed to osseointegrate. 

Following placement of the zygomatic 

Fig. 1  (i) and (ii) periapical and (iii) occip-
itomental views at MU abutment connection 
stage following six months of implant place-
ment. Note the stable bone levels up to the 
fi rst implant thread for all the implants

Fig. 2  (i) Panoramic view with the maxillary 
prosthesis attached and maxillary upper 
right fi rst and second incisor roots prior to 
extraction. (ii) On this occasion bulky 
contouring of the prosthesis in the premolar/
molar palatal region was inevitable
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implant fi xtures, a mixture of Bio-Oss 
(Geistlich Biomaterials, Inc) with 10 ml 
of venous blood was used to augment 
both maxillary sinuses. This was con-
sidered appropriate for anticipation of 
any zygoma fi xture failure to osseointe-
grate, which would necessitate residual 
maxillary bone of adequate volume for 
root form implant placement. Two years 
following implant placement all implants 
remain osseointegrated with no signs 
of infl ammation and new bone forma-
tion in the Bio-Oss augmented sinuses 
(Fig. 4).

Furthermore, the patient has been 
satisfi ed in terms of maxillary pros-
thesis function and aesthetics (Fig. 5) 
with minimal encroachment of the pala-
tal space. The prosthodontist provided 
a framework specifi cally designed to 
reduce the palatal bulk of the maxillary 
prosthesis (Fig. 6).

CASE REPORT 3
Fixed prosthesis supported by two 
zygomatic and six root form implants 
A 74-year-old patient with a long his-
tory of heavy smoking was referred to 
the Oral Surgery Clinic (Eastman Dental 
Hospital and Institute) in 2001 because 
of a loose maxillary denture with poor 
stability on two failing dental implants. 
His medical history was complex involv-
ing treatment for Ca of the prostate, 
nasal trauma and right maxillary sinus 
surgery. On examination, both implants 
were loose and there was severe max-
illary bone atrophy on the left side 
and a fl abby ridge. Because of his fail-
ing dental implants and the history of 
heavy smoking the patient was not con-
sidered suitable for bone augmentation 
of the maxilla prior to root form dental 
implant placement. Instead, the patient 
chose to have a fi xed maxillary prosthe-
sis supported by two zygomatic implants 
(Nobel Biocare, Gothenburg, Sweden) 
and at least six root form Branemark 
System implants (Mk III, Nobel Biocare, 
Gothenburg, Sweden), as the risk of 
implant failure was considered high. 

At the time of operation eight root 
form implants were placed including one 
in the incisive maxillary canal and one 
in the upper right second molar region 
(Fig. 7). However, it was not considered 
mandatory to include these last two 
implants in the fi nal restorative plan as 
all of the rest of the implants were found 
to be osseointegrated at second stage 

surgery six months later. Following cover 
screw removal 5 mm and 7 mm multi-
unit abutments (Nobel Biocare, Gothen-
burg, Sweden) were attached under local 
anaesthesia and IV sedation.

CASE REPORT 4 
Removable over-denture supported by two 
zygomatic and one root-form implant
A 59-year-old female teacher was 
referred to the Oral Surgery Clinic 

Fig. 3  (i) Intraoperative view just after zygomatic machined surface implant placement following 
bilateral sinus window creation for direct fi xture visualisation. (ii) Two zygomatic and four premax-
illary implants able to support a fi xed maxillary prosthesis

Fig. 4  (i) Crestal bone levels of the three 
premaxillary root form implants and, (ii) 
panoramic view of the patient with the 
prosthesis in function two years after 
implant placement. There is new bone 
formation in both the right and left 
maxillary sinuses around the zygomatic 
fi xtures following sinus fl oor augmentation 
with Bio-Oss

Fig. 5  Smile view with fi xed maxillary prosthesis in function two years after implant placement
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(Eastman Dental Hospital and Institute, 
London) in 2002 for an iliac bone graft 
in order to augment the severely atrophic 
maxilla. Her main complaint was inabil-
ity to tolerate a conventional upper den-
ture and she had unsuccessfully tried six 
sets of full upper dentures over the last 
10-year period. Her last dentist referred 
her to an implantologist who had placed 
several endosteal dental implants in the 
anterior maxilla all of which had failed. 
The ensuing infection and the surgi-
cal procedure for removal of the failed 
implants had led to an extensive degree 
of bone resorption. The panoramic radi-
ograph shows the maxillary alveolus 
completely resorbed down to the level of 
the sinus and nasal fl oors (Fig. 8). 

Clinical examination demonstrated 
severe maxillary atrophy to the extent 
that the labial and buccal sulci were 
absent. Having explained the risks and 
the associated morbidity of an extroral 

bone graft harvesting procedure, as well 
as the prolonged duration of the treat-
ment, the patient chose the option of an 
overdenture to be supported by two zygo-
matic implants and two dental implants 
placed in the anterior maxilla.

The patient’s medical history was 
non-contributory except for a tenta-
tive diagnosis of osteoporosis. Her only 
medication was hormone replacement 
therapy. Two 45 mm zygomatic implants 
(Nobel Biocare AB, Gothenburg, Sweden) 
were placed engaging the dense bone of 
the body of zygomatic arch. Anteriorly, 
the nasal lining was refl ected and two 
13 mm Mk III regular platform Brane-
mark System implants (Nobel Biocare 
AB, Gothenburg, Sweden) were inserted 
in the pyriform buttresses. The dental 
implants of 13 mm length were com-
pletely covered by bone at the time of 
placement. Despite severe atrophy in 
both terms of height and width of the 

anterior maxilla, it is usually feasible to 
place a root form implant along the pyri-
form rim at the junction of the maxil-
lary sinus and nasal cavity using a bone 
expansion technique. The postoperative 
panoramic and occipitomental views 
(Fig. 9) show the position and direction 
of the implants. 

The second stage surgery was com-
pleted after six months under local 
anaesthesia. All implants were found to 
be successfully osseointegrated. A few 
months later the upper left premaxil-
lary implant became painful and had to 
be removed. A standard dolder bar was 
fabricated splinting the two zygomatic 
implants and the remaining upper right 
premaxillary implant (Fig. 10). This has 
provided adequate support and stability 
for a maxillary overdenture, which the 
patient has been wearing successfully 
for the past three years. 

DISCUSSION
These case reports demonstrate the 
value of zygomatic implants in rehabili-
tation of the severely atrophic maxilla in 
patients who are unsuitable or unwill-
ing to undergo an extensive bone graft-
ing procedure. In all four cases clinical 
examination had demonstrated severe 
maxillary atrophy to the extent that the 
labial and buccal sulci were absent. Hav-
ing explained the risks and the associ-
ated morbidity of an extraoral bone 
graft harvesting procedure, as well as 
the prolonged duration of the treatment, 
all patients chose the option of a pros-
thesis to be supported by two zygomatic 
implants and a minimum of two dental 
implants placed in the anterior maxilla. 
The number of pre-maxillary root form 
implants was further explored following 
evaluation of the following parameters:
• Maxillary anatomy and severity of 

pre-maxillary bone atrophy
• Pre-existing infection and/or previ-

ous surgery
• Implant positioning based on bone 

availability
• Final decision based on type of pros-

thesis ie fi xed or removable taking 
into account the patients preference 
and overall costs.

Recently, Bedrossian and coworkers11 

performed the procedure successfully in 
22 patients under intravenous sedation, 
which in terms of cost effectiveness is 
rather benefi cial. However, the practice 

Fig. 6  (i) Hybrid prosthesis replacing the maxillary dentition and hard/soft tissues. (ii) Careful 
construction of a custom framework can minimise prosthesis bulk palatally and avoid patient 
complaints because of tongue space reduction
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of deep sedation is not common practice 
in UK hospitals and a day case general 
anaesthetic or an overnight hospital stay 
is usually indicated.

The survival rate of zygomatic implants 
seems higher than the standard premaxil-
lary implants (100% compared to 91.25% 
respectively).11 Parel and coworkers8 have 
reported an overall success rate of 97.6% 
with the placement of over 200 zygomatic 
implants during the period 1989 to 2001. 
It has been confi rmed by clinical11,12 and 
anatomical13 studies that the zygomatic 
bone can offer a predictable anchorage 
and support function for an implant-sup-
ported prosthesis in severely resorbed 
maxillae. 

To improve the success rate, cross-
arch stabilisation of the zygomatic 
implants and the pre-maxillary implants 
is recommended at second stage surgery. 
Traditionally two zygomatic implants 
splinted to two conventional root form 
pre-maxillary implants have been rec-
ommended as the minimum prerequisite 
for support of a maxillary overdenture. 
In the fourth patient, despite of the fail-
ure of one pre-maxillary implant, an 
overdenture was successfully supported 
by two zygomatic implants and the one 
remaining dental implant. 

In addition to their initial use in pro-
viding support for maxillary obturators 
or overdentures, zygomatic implants 

have also been successfully used to pro-
vide a fi xed maxillary hybrid prosthesis 
as was demonstrated in the fi rst three 
case reports. One criticism to fi xed pros-
theses supported by zygomatic implants 
has been their bulky palatal emergence 
and likelihood of reducing the tongue 
space (Fig. 2). Modifi cations of implant 
head angulation design10 or new implant 
placement techniques with more axial 
implant inclination were suggested in 
order to avoid this problem. The Brane-
mark System zygomatic implant has 
a 45º angulated head which allows for 
the platform of the implant to be in the 
same plane as the conventional root 
form implants in the premaxilla. Lately, 
a modifi ed zygomatic implant (South-
ern Implants, SA) with a head angula-
tion of 55º has been designed in order 
to improve the emergence profi le and 
decrease the buccal cantilever at the 
level of the occlusal plane.10

Recent advances include: i) a more 
accurate zygoma implant placement 
using computer and CT-assisted naviga-
tion,18 and ii) a placement appliance,10 
which has been designed to facilitate 
implant placement closer to the alveo-
lar crest, thus enhancing the restorative 
stages. Additionally, surface enhanced 
zygomatic implants with either TiU 
or SLA surfaces along the entire 
fi xture length10 are currently avail-
able in order to maximise bone-implant 
contact and speed the osseointegration 
process.

Although there is a lack of prospec-
tive and comparative studies regarding 
implant and sinus fl oor augmentation 
treatment in large groups of patients 
with a long-term follow-up, retrospec-
tive data14 indicate a success rate of 90% 
with dental implants placed in augmented 
sinuses after three years of prosthetic 
load. However, vital questions regarding 
the time of implant placement and the 
ability of regenerated bone to achieve 
functional osseointegration require 
further investigation.19 As the residual 
bone height is often less than 4-5 mm 
in largely resorbed posterior maxillae, 
excluding synchronous implant place-
ment at the time of sinus augmentation, 
the latter takes place six to 12 months 
following bone graft healing and matu-
ration. Since the accepted healing time 
for dental implants in the posterior max-
illa is six months, the overall treatment 
time is extended considerably, compared 

Fig. 7  (i) Panoramic and (ii) occipitomental views at second stage surgery prior to implant expo-
sure, cover screw removal and MU abutment connection. (iii) Although the right fi rst maxillary 
implant cover screw was exposed osseointegration was not affected. (iv) Intra-oral view following 
MU abutment connection

Fig. 8  Preoperative panoramic view demonstrating advanced alveolar atrophy. The nasal and sinus 
fl oors are at the same level with the alveolar crest
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to the shorter time that treatment with 
zygomatic implants offers.

Despite the success rates well above 
90% with zygomatic implants, some sur-
geons prefer to augment the maxillary 
sinus at the same time with zygomatic 
implant placement. This anticipates 
potential osseointegration failure of the 
zygomatic fi xture and eliminates the 
need for a subsequent sinus augmenta-
tion approach prior to conventional root 
form implant placement (Fig. 4). 

Signifi cant improvement of the quality 
of life, comparable to maxillary recon-
struction with autogenous bone, has also 
been reported with zygomatic implants 
placed in patients undergoing maxil-
lectomy and tumour ablation.15 Lately, a 
modifi cation with insertion of two zygo-
matic implants in one zygoma was intro-
duced for patients who have undergone 
maxillectomy.16 Even the possibility of 
placing double zygomatic implants bilat-
erally,17 in addition to dental implants in 
the anterior maxilla, was shown to be 
successful in a patient who had previ-
ously undergone an iliac crest bone graft 
transplant, which had resorbed. 

Additionally, an important benefi t of 
this treatment modality is that unlike the 
bone grafting procedure, which requires 
the patient to accept a prolonged period 

of wearing a modifi ed conventional den-
ture, the patient can wear the old denture 
immediately after the surgical procedure 
with only a minor adjustment and reline. 

CONCLUSION
The zygomatic implants seem a predict-
able and useful alternative to extensive 
bone grafting procedures in rehabilita-
tion of severely atrophic maxilla. The 
advantages include:
• No need for any adjunctive procedure
• Use of the existing denture 

immediately
• No need for prolonged hospitalisation 
• Safety and minimal morbidity in the 

hands of experienced
• Cost effectiveness.

Even in a rare case of failure of one of 
the dental implants, the two zygomatic 
implants and the one remaining dental 
implant can still provide a viable long-
term solution for an implant supported 
maxillary overdenture.
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for his assistance in preparing the manuscript. 
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