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The rehabilitation of maxillary bone atrophy represents one of the main challenges of modern oral implantology. The use 
of zygomatic implants in the prosthetic rehabilitation of the patient affected by severe maxillary bone atrophy is another 
therapeutic alternative, not exempt from complications. The present study included 19 patients with edentulous maxillae 
who were treated between 2013 to 2015 with at least two zygomatic implants at the Department of Maxillofacial 
Surgery, Verona, Italy. The purpose of this retrospective longitudinal study was to evaluate sinus complications and 
radiological, periodontal and prosthetic evaluations of zygomatic implants technique in severe atrophic. Implant-
prosthetic rehabilitation of the upper jaw edentulous severely atrophic using zygomatic implants represents one safe 
and repeatable technique. In terms of implant survival from our study showed an implant CRS (common reporting 
standard) of 98.5% and a prosthetic CRS 100% with a mean follow-up period of 19.2 months (range). Both recorded 
data are superimposed on major reported studies in literature.

The rehabilitation of maxillary bone atrophy represents one of the main challenges of modern oral implantology. The 
use of zygomatic implants in the prosthetic rehabilitation of the patient affected by severe maxillary bone atrophy 
is another therapeutic alternative, not exempt from complications. The present study included 19 patients with 
edentulous maxillae who were treated between 2013 to 2015 with at least two zygomatic implants at the Department 
of Maxillofacial Surgery, Verona, Italy.
The purpose of this retrospective longitudinal study was to evaluate sinus complications and radiological, periodontal 
and prosthetic evaluations of zygomatic implants technique in severe atrophic. Implant-prosthetic rehabilitation of the 
upper jaw edentulous severely atrophic using zygomatic implants represents one safe and repeatable technique.
In terms of implant survival from our study showed an implant CRS (common reporting standard) of 98.5% and a 
prosthetic CRS 100% with a mean follow-up period of 19.2 month (range). Both recorded data are superimposed on 
major reported studies in literature.
The great advantage of this type of rehabilitation is not only to minimize postoperative morbidity caused by massive 
reconstructive surgeries (1-4) such as bone grafting (5-15) or sinus floor elevation, but also to eliminate hospitalization, 
high cost and risk of complications. The placement of dental implants in the zygomatic bone, introduced by Branemark 
in 1988, is an alternative technique that can facilitate the rehabilitation procedures in severely atrophic maxilla and 
maxillectomy defects (16-18), pre prosthetic surgery following ablative tumor surgery (19), congenital clef lip and or 
palate (20). Zygomatic implants have been used in conjunction with regular implants or alone in the number of four 
when the premaxilla presents severely resorbed. The main objective of the present article is to draw a retrospective 
longitudinal study to evaluate the cumulative zygomatic implants survival rate and peri-implant soft tissues condition 
and complications at the one-year follow-up.

MATERIALS AND METHODS
The study included 19 patients (9 males and 10 females) range 46- to 88- years-old (mean age 66+/-12 years) with 
edentulous maxillae who were treated between 2013 to 2015 with at least two zygomatic implants at the Department 
of Maxillofacial Surgery, Verona, Italy. The patients enrolled in this study met the following inclusion criteria:

- affected by V-VI or VII Cadwood Howell (21) Nocini (22-23) class maxillary atrophy evaluated through a pre- and post-
surgery TC cone beam at least 12 months prior;

- good general/local health which allowed them to undergo this kind of surgical treatment;
- treated with at least two zygomatic implants;
- able to receive a full arch prosthodontics rehabilitation such as Toronto Bridge or other kind of overdentures for six 

months loading.
Patients were excluded if they fulfilled any of the following exclusion criteria:

- previously treated with zygomatic implants not for atrophic disease;
- not affected by allergic rhinitis;
- not previously treated with sinus surgery;
- addicted to smoking;
- lack of clinical documentation.

All these patients showed an insufficient bone volume for traditional implant treatment. However, for 6 patients, 



a generic medical history revealed a positive anamnesis: 2 diabetes type II, 1 HIV+, 1 HBV+, 2 HCV+, 1 Parkinson, 1 
mucoviscidosis and chronic pancreatitis. All patients received a detailed description of the procedures and signed an 
informed consent prior to participation in the study. The study was conducted according to the principles embodied in 
the Helsinki declaration, as revised in the 2000, for biomedical research involving human subjects. Patients who were 
included in the study were carefully evaluated by examining the clinical aspects and periapical/panoramic radiographs 
and computer tomograms (CT); moreover, data were collected for each patient at the implants placement phase (T0), at 
the prosthodontic loading (T1) and at the follow up date (T2) and reported in Table I.
After the surgical phase, 5 patients received two Zygomatic Implants (ZI) and four dental implants in the premaxilla; 
other 12 patients had 4 ZI (Quad Technique), one patient had three ZI and two dental implants and one pterygoid 
implant, one patient had two ZI and three dental implants in the premaxilla. After prosthodontic phase, 13 patients were 
rehabilitated through a Toronto Bridge fixed full arch, meanwhile other 9 patients received an overdenture.
Panoramic images supplemented with intraoral radiographs were used preoperatively to evaluate the bone volume 
of the maxilla. Computed tomograms (CT) were used to determine whether the anatomy would allow installation of 
zygomatic implants (24) and to eliminate the risk of undiagnosed pathologic lesions.
Preoperative Cadwood Howell Nocini Classification was assessed for each patient ranging from V to VI. Postoperatively 
a new CT was performed at least 12 months after surgery. Pre surgical Protocol: presurgical exams were detected to 
analyze bone amount in each patient, i.e. panoramic exam, intraoral radiographs, teleradiographs L-L and Cone Beam TC 
of the maxillo facial process to accurately evaluate anatomic structures. Evaluation was carried out on the size of the 
malar bone and Higmoro antrum, the topography of the front wall of the temporal fossa, the degree of pneumatization 
of maxillary sinus, the thickness of the alveolar process in the premolar area, the degree of bone atrophy and the skeletal 
relationship between jaws (Fig. 1).
In order to carry out the most prosthetically guided surgery, it was crucial to study the angularity and the expected 
emergency position of zygomatic implants: this emergency at the alveolar ridge depends on the spatial relationship 
between the zygomatic bone, the maxillary sinus and the Alveolar crest. Acute phase sinus pathology and/or signs/
symptoms of tissue infection (25-30) surrounding the site insertion area are also evaluated. Where present an adequate 
amount of bone in the pre-maxilla area it was decided to place two to four conventional implants (31-33), to avoid 
any bone grafts and best distribution in prosthetic cargo. The position and angle of the conventional rear implant was 
determined based on the maxillary sinus anatomy, anterior wall. Surgery was performed under general anesthesia with 
nasal endotracheal intubation supplemented with infiltration of local anesthetic agents with a vasoconstrictor
for hemostasis. Patients were given benzylpenicillin (3g) and metronidazole (0.5g) preoperatively routinely. A crestal 
incision was made bilaterally extending from the second upper molar. A vestibular releasing incision was made at the 
posterior extent of the incision in the maxillary second molar region. A mucoperiostal flap elevation revealed the nasal 
apertures and the piriform rim to the inferior aspect of the infraorbital foramina and laterally of the buttress and body 
of the zygoma bilaterally.
A round bur rather than piezosurgery tools (34-35) was then used to create a lateral window, 5x10 mm, in the lateral 
wall of the maxillary sinus. The sinus mucosa was then carefully reflected and protected through the preparation of 
the zygomatic implant site. A retractor was placed over the superior aspect of the zygomatic arch to enable correct 
orientation of the implant site preparation. The zygomatic implant heads were placed palatally and as close as possible 
to the alveolar crest, in the region of the second premolar and first molar. After penetrating the maxillary bone into the 
maxillary sinus, the preparation was penetrating the cortical layer of the anterior superior part of the zygomatic bone.
The implant sites were then enlarged. Implant size was determined, and final placement of the implant was accomplished 
using the standard protocol. The zygomatic implant was placed using a low speed until the tip of the implant engaged 
the zygomatictic bone and was finalized manually until the implant was optimally seated. All 31 zygomatic implants had 
a stable and ridged primary stability at the installation and were dressed in a cover screw. Patients obtained immediate 
placement of additional endosseous implants (36-39) in the anterior region of the maxilla (Branemark System, Nobel 
Biocare AB, Goteborg, Sweden). The wound was closed with a continuous, absorbable 4-0 suture. Postoperatively, the 
patients were prescribed antibiotics for 1 week. Abutment connection surgery was performed after a healing time of 5 
to 8 months (mean 6.4 months).

Prosthetic Protocol
The conventional dentures were relined after implant surgery and after abutment connection and were worn provisionally 
in the healing periods. Fabrication of Toronto Bridge or overdentures implant supported fixed prostheses followed the 
standard procedures for the implant treatment, as described in literature (40-42). The fixed prosthesis was finally handed 
out 4 months after the abutment connection procedure. All patients were enrolled in a personally tailored supportive 
periodontal maintenance program; in this study all patients were maintained with oral hygiene instructions, or air 
polishing (glycin powder) on an individual basis according to their needs.



Follow Up
Input measures examinations and study variables analysis. Data were collected after zygomatic implants placement 
(baseline or Time 0), at time 1 and time 2; data were retrospectively analyzed according to a research protocol. An 
examiner not involved in performing the surgical treatment, took all the measurements as outlined below:
- age and gender as demographic variables at T 0,
- surgical technique according to Aparicio’s classification (43),
- type and number of implants placed,
- perimplant Pocket Probing Depth (PPD),
- Mombelli Bleeeding Index (44) (MBI): was measured with a periodontal probe (Hu-Friedy, PGF- GFS, Hu-Friedy, Chicago, 
IL, USA) at the buccal (mesial, vestibular and distal) and palatal surfaces,
- Mombelli Plaque Index (MPI): was measured with a periodontal probe (Hu-Friedy, PGF- GFS, HuFriedy, Chicago, IL, USA) 
at the buccal (mesial, vestibular and distal) and palatal surfaces,
- Implant surgery-Prosthesis evaluation: measure of prosthetic screw torque at T1 and T2; moreover, patients had to 
compile a Visual Analogue Scale (VAS), satisfaction questionnaire about aesthetic, function and phonetic.
- radiological and clinical analysis of the maxillary sinuses: evaluated on Cone Beam CT scan (CBCT, NewTom 3G). The 
data acquisition was set through a single rotation of the device, with 59μSv radiant dose for each patient. Coronal, 
axial and sagittal images were obtained for each implant considered in this study. The osteointegrated portion of 
the zygomatic bone was calculated using a specific medical imaging viewer: Radiant DICOM Viewer (Radiant DICOM 
ViewerTM, Medixant, Poznan, Poland). Nineteen patients received zygomatic implant treatment and were included in the 
study. All patients were contacted for a further prospective follow-up examination. Subsequently the patients underwent 
clinical and radiographic examination according to the prospective follow-up protocol..

RESULTS
Implant Stability: nineteen patients were treated with 63 zygomatic implants (Branemark System) with lengths range 
from 35 to 50 mm. One patient was treated with 2 unilateral zygomatic implant, one patient received 3 zygomatic 
implants, 12 patients received 4 zygomatic implants (quad technique) and 5 patients had 2 zygomatic implants bilaterally 
(see Table II). Twenty-six additional dental implants (Bra°nemark System or Astra Tech Dental Implant System) were 
placed (see Table II). Out of 19 patients, 17 were non-smokers and 2 (one male/ one female) were smokers (20 cigarettes 
in a day).
Serious maxillary bone defects were caused in 14 cases (7 males and 7 females) from periodontitis disease, in 1 case (1 
male) by upper cystic process, in another 1 case by partial maxillectomy due to an atypical lymphoproliferative process 
with a rich follicular component (1 female), 2 cases of previous implant failure (2 females) and 1 trauma case (1 male) 
(Table II). Post-surgery complications (45-49): one zygomatic implant, in one patient, was removed after a car crash 
trauma. After a mean follow-up period of 19.2 months (range), the overall cumulative survival rate (CSR) was 94.3%. After 
the prosthetic loading of the implants the survival percentage was 100%. The follow-up period ranged from 105 to 2483 
days from the day of prosthesis delivery, with a mean of 570.52 days (3 years, 10 months). From the patient records, the 
following parameters were recorded:
Soft Tissues: the mean PPD was 3.16 mm (dev. St.±1.75 range 1-11). The mean mPI was 0.7 (dev. St.±0.9 range 0-3). The 
mean mBI was 0.54 (dev. St.±0.7 range 0-2). It was not necessary a soft tissue augmentation around the implant exit 
point (50-65).

Prosthetic components analysis
Overall, the torque of 63 prosthetic screws was evaluated: at T1 the mean torque was 15.68 Ncm (dev st±8.41 Ncm range 
0-30 Ncm). T2 torque of MUA screw was evaluated to investigate possible unscrewings: at T1 it was serried with 15-18 
Ncm. 37 screw on MUA were analyzed: the mean torque was 11.81 Ncm (dev st 4.23 Ncm range0-17 Ncm).

Prosthesis satisfaction
The definitive prosthesis was delivered to the patient 4 months after surgery. It had been performed 13 Toronto Bridge 
and 6 overdentures. A prosthetic questionnaire for the evaluation of the satisfaction (56) based on Visual Analogue Scale 
(VAS) was given to the patients. It was formed by three parts: function (mean VAS 9.3/10), aesthetic (mean VAS 9.7/10) 
and phonetic (mean VAS 9.2/10).

Maxillary sinuses
The presence of sinusitis was radiologically evaluated according to the Lund and Mackay CT scoring rhinological staging 
system. So, evaluation of the maxillary sinuses was executed before surgery (mean 0.078±0.27) and after 6 months 
(0.26±0.5) to evaluate the differences between the two values obtained.



Entities of rhinosinusal symptomatology
For each patient, the Questionnaire SNOT-20 (Sino-Nasal Outcome Test) was collected before and after surgery with 
a minimum 12 months follow up. This tool evaluates a wide range of parameters including health, the Quality of life, 
physical problems, functional limitations and emotional consequences. (Lachanas et al. 2012). This study has been used 
to standardize the evaluation of the symptoms pool referred by the patients. Clinical analysis of maxillary sinuses the 
magnitude of symptomatology of rhinitis-sinus relevance has been evaluated through the administration of the SNOT-
20 questionnaire.
In detail, the Preoperative assessment 17 out of 19 patients showed a score Ranging from 0 to 10. The remaining 2 
patients reported a score Between 11 and 40 None of these patients considered their disease to be significantly affected 
Quality of life, limiting the management of any therapy symptoms to the need. The SNOT-20 total score for this sample 
in the survey Preoperative was 49 points, with an average score of 2.58±6.61, while in the postoperative survey the total 
score of the sample Was 80 points, with an average of 4.21±6.93. At postoperative evaluation, 16 out of 19 patients 
reported a score ranging from 0 to 10. Instead, the remaining 3 patients reported a score between 11 and 40.

DISCUSSION
The purpose of this retrospective longitudinal study was to evaluate sinusal complications and a radiological, periodontal, 
prosthetic evaluations of zygomatic implants technique in severe atrophic at the 1 year follow up.

Surgery
After surgical procedures, we did not register any intraoperative complications; immediately after surgery we only found 
one implant failure before the prosthetic loading. This study reported implant and prosthetic survival rates so similar to 
other Authors’ clinical experiences.

Prosthetic parameters
In this longitudinal retrospective study, a total of 19 patients were screened for a total of 63 implants and 19 prosthetic 
rehabilitation. The Med Calc (Med Calc Software bvba, Ostend, Belgium) software was used for statistical analysis. The 
Mann-Whitney U test for independent variables (level of significance a P<0.05) tested data collected by all 19 patients to 
determine the possible correlation between the kind of prosthetic rehabilitation and torque measured on the prosthetic 
screws. It revealed that no statistically significant differences between torque levels on prosthetic screws in non- 
removable prostheses and Toronto Bridge’s ones related to the loading time (P>0.05).
The same Mann Whitney test was used to evaluate the possible correlation between the kind of prosthetic rehabilitation 
and torque levels measured on the MUA screws. (P>0.05). For measurements collected at 1.2, it was not possible to 
carry out the Mann Whitney U test due to insufficient samples number. Otherwise, it showed no significant differences 
in torque registered level on screws between overdenture and Toronto in other sites. In all these cases a P>0.05 was 
provided. Therefore, there is no statistically relevant correlation between the type of prosthetic solution adopted and 
possible tensile stresses at the prosthetic screw and MUA. All the authors decided to evaluate the possible correlations 
between type of prosthesis and the measurement of Pocket Depth (PD) at T2 using the same Mann Whitney U test with 
a statistical significance value of P<0.05. The text revealed a correlation between prosthesis type and PD at T2 with a 
P<0.05. We observed that two posterior implants 1.4 and 2.4 showed most significant differences. Particularly posterior 
zygoma implants in overdentures showed higher values of PD than ones in Toronto.
The same statistical test was carried out to analyze the relationship between the follow-up survey bleeding and the 
type of prosthetic solution. There was no statistical significance from this test that could justify a correlation between 
the type of prosthesis and the bleeding indices recorded at follow-up. Implanted rehabilitations require, for long-term 
survival, a great home hygiene by the patient, in order to evaluate which of the two prosthetic solutions provides greater 
cleanability, the Mann-Whitney test for independent variables Twotier, correlating the type of prosthesis with plaque 
indexes recorded at the follow up visit.
The test showed that there are statistically significant differences in 2 sites (1.4 P and 2.4 P) in which the amount of 
plaque detected was found significantly greater in unmistakable prostheses than Toronto. The question of prosthetic 
satisfaction has provided results. In line with what was reported in the literature by a 12-month analysis from the load 
reported by Peñarrocha (63).
Radiographic indices Based on Wilcoxon’s Row Test for dependent variables, there is a statistically significant increase (p 
<0.0002) of the magnitude of the postoperative radiological evidence of rhinosinus pathology compared to preoperative 
evidence. Based on the Lund-Mackay score, the presence of rhinosinus or of mucosal alterations was evaluated by tapered 
CT in the coronal sections. In detail, no patient had preoperative evaluation total radiopacity of the maxillary sinuses 
(LMS =2+2). Three patients showed up unilateral mucous membrane (LMS=1). The remaining patients had bilateral 
radiotransparency (LMS=0) of the maxillary sinuses. Altogether, there were 35 breasts in the preoperative evaluation 



jaws with LMS equal to 0.3 maxillary sinuses with LMS equal to 1 and 0 breasts jaws with LMS equal to 2. Clinical 
analysis of maxillary sinuses: the magnitude of symptomatology of rhinitissinus relevance has been evaluated through 
the administration of the SNOT-20 questionnaire. In detail, the preoperative assessment 17 out of 19 patients showed 
a score ranging from 0 to 10. The remaining 2 patients reported a score between 11 and 40. None of these patients 
considered their own symptomatically affected quality of life, limiting the management of any therapy symptoms to the 
need.
At postoperative evaluation, 16 out of 19 patients showed a score from 0 to 10. The remaining 3 patients reported a 
score between 11 and 40 (89%-11%). The SNOT-20 total score for this sample in the survey preoperative was 49 points, 
with an average score of 2.58±6.61, while in the postoperative survey the total score of the sample was 80 points, with 
an average of 4.21±6.93. Hirsch (Hirsch, et al. 2004) also used the VAS scale for 2004 evaluate the chewing function and 
the aesthetics of 76 patients rehabilitated with zygomatic implants after 1 year of prosthetic cargo. The 80% of patients 
were completely satisfied with both aesthetics and asthma for the function.
Comparison of the degree of prosthetic satisfaction, reported in the literature and that recorded by our study, showed 
110 fully satisfied with the rehabilitation while the other half of the patients found difficulty in chewing and problems 
related to oral hygiene, aesthetics and phonetics. Farzad et al. (66) analyzing the answers to questionnaires satisfaction 
delivered to 11 patients before and after implantoprosthetic rehabilitation, finds statistically significant differences with 
respect to chewing and aesthetics but does not find significant changes in the language.

Radiographic indices
Based on Wilcoxon’s Ranks Test for Employee Variables there is a statistically significant increase (p <0.0002) of the 
entity of postoperative radiological evidence of rhinosinus pathology to preoperative evidence. Inizio modulo

Clinical analysis of maxillary sinuses
Based on Wilcoxon’s Row Test for Employee Variables there is no statistically significant increase (p=0.1) of the magnitude 
of rhinosinus symptomatology compared to preoperative.
The clinical and radiological retrospective retrospective study allowed to highlight the following results: implant-
prosthetic rehabilitation of the upper jaw edentulous severely atrophic using zygomatic implants represents onesafe 
and repeatable technique. In terms of implant survival from ours. The study showed an implant CRS of 98.5% and a 
prosthetic CRS 100%. Both recorded data are superimposed on those reported in major studies in literature. As for implant 
survival it was also not detected no statistically significant difference between the various techniques of zygomatic 
implant insertion, which are therefore overlapping. The analysis of prosthetic components did not show correlations or 
statistically significant differences between inammapurable prostheses and the Toronto Bridge prostheses, both with 
respect to the torque values recorded on the prosthetic screws, as well as the torque values recorded at the screws of 
MUA.
The analysis of periodontal parameters related to the type of prosthesis has produced statistically significant results with 
regard to depth of the survey, despite the resulting depth values of the poll (PD) greater in, intact, removable prostheses 
has not found any clinical significance since the modified bleeding index associated with the type of prosthesis has 
produced statistically significant results. The modified plaque index showed a greater accumulation of palatal plaque at 
the zygomatic rear implant (1.4 and 2.4) with unmovable prosthesis, this could reflect a greater difficulty in detaching 
the patient’s in-removable implant prosthesis posteriorly due to its conformation.
The radiologic analysis of paranasal sinuses, subjected to zygomatic implantation, showed a statistically significant 
increase in Lund-Mackay Postoperative Score. The rise of radiologic sinusitis, elsewhere already described as silent 
sinusitis, does not correspond, and does not correlates with a statistically significant increase in clinical symptoms since 
SNOT20 postoperative values did not record significant variations. Long-term monitoring and follow-ups is necessary 
in order to verify the actual incidence of sinusopathies related to the presence of transient zygomatic implants. To 
conclude, we can say that implant prosthetic rehabilitation through zygomatic implants in cases of extreme atrophy of 
the edentulous upper jaw is a good alternative to those more invasive procedures such as Le Fort I intervention with 
interposition grafts or revascularized free flaps characterized by a larger Surgical complexity, a more burdensome post-
operative course for the patient, and a greater chance of failure.
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