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Purpose: To report the outcome of trans-sinus tilted implants for the rehabilitation of the complete 
edentulous atrophic maxilla using the All-on-4 concept with immediate loading.
Materials and methods: This retrospective clinical study included 70 patients treated with 280 
implants (Nobel Biocare), 83 of which were trans-sinus implants supporting 70 prostheses. The 
inclusion criteria were need of maxillary complete edentulous rehabilitation without enough bone 
height posterior to the canines to anchor the implants. The trans-sinus implant head was anchored 
on the bone available just posterior to the anterior sinus wall and inferior to the sinus floor. The 
trans-sinus implant body was inside the sinus, and its apex anchored in the bone between the an-
terior sinus wall and the nasal cortical. The nasal cortical was used, if necessary, to achieve a double 
bicortical anchorage. Implants were immediately loaded with cross-arch fixed prostheses. Follow-up 
examinations were performed after 10 days, 2, 4 and 6 months, and 1, 2 and 3 years. Radiographic 
evaluations were performed after 1 and 3 years of function. Outcome measures were success of the 
prostheses, success of the implants, complications, peri-implant marginal bone levels, and aesthetic 
and functional complaints. Survival was calculated at implant level and using the patient as the unit 
of analysis (first implant failure in any given patient) using life-table analysis. 
Results: Seven patients dropped out of the study. Three trans-sinus tilted implants were lost in 3 
patients, giving a cumulative survival rate of 95.7% and 96.4% at patient and implant level, respect-
ively. One conventional tilted implant was lost in 1 patient (one of the patients that lost a trans-sinus 
tilted implant), giving a cumulative survival rate of 98.1%. One straight implant was lost in one 
patient (a second patient that lost a trans-sinus implant), giving a cumulative survival rate of 98.6% 
and 99.3% at patient and implant level, respectively. The survival rate of prostheses was 100%. 
Sinusitis occurred in 2 patients (2.9%). The marginal bone resorption was on average (standard 
deviation), 0.96 mm (0.62 mm) and 1.14 mm (0.74 mm) for the trans-sinus tilted implants, 0.89 mm 
(0.54 mm) and 1.06 mm (0.71 mm) for the conventional tilted implants, and 0.62 mm (0.35 mm) 
and 1.15 mm (0.51 mm) for the straight implants after 1 and 3 years of follow-up, respectively.
Conclusions: The high survival rate registered at patient and implant level indicates that the outcome 
of immediately loaded trans-sinus implants for the rehabilitation of edentulous atrophic maxillae to 
avoid sinus lift procedures is a viable treatment in the short- and medium term. Future studies should 
focus on the long-term outcome of this rehabilitation modality.
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�� Introduction

The rehabilitation of the atrophic maxilla can rep-
resent a challenge when the pneumatisation of the 
sinus causes a major limitation for implant insertion 
in the posterior maxilla, especially when immedi-
ate function is implemented1. To overcome such 
a limitation, there are several alternatives that can 
be chosen, ranging from the use of short implants, 
bone grafting or zygomatic implants1-19. Recently, 
a combination of techniques was documented, 
placing implants inserted trans-sinus simultane-
ously with bone morphogenetic protein 2 sinus 
floor grafting, achieving a 94.8% success rate after 
1 year19.

The use of tilted implants for the rehabilitation 
of the atrophic maxilla has been documented in the 
literature with good short-, medium- and long-term 
outcomes20-22. Specifically for the rehabilitation of 
the atrophic maxilla, the use of 4 implants inserted 
in immediate function (2 implants tilted distally up to 
45 degrees and 2 implants inserted in the axial pos-
ition; All-on-4TM, Nobel Biocare, Gothenburg, Swe-
den) demonstrated good long-term outcomes23. The 
atrophy of the maxilla may compromise the insertion 
of a conventional tilted implant. Trans-sinus implants 
may be used when the insertion of conventional 
tilted implants is not possible23, before considering 
the use of zygomatic implants5,6 or bone grafting 
procedures2-4. 

The aim of this study was to evaluate the use 
of trans-sinus tilted implants without simultaneous 
bone-grafting or sinus-lift procedures for the reha-
bilitation of the complete edentulous atrophic max-
illa using the All-on-4 concept (4 immediately loaded 
implants).

�� Material and methods

This article was written following the STROBE 
(Strengthening the Reporting of Observational 
Studies in Epidemiology) guidelines24. This clin-
ical study was performed in a private clinic, Malo 
Clinic, in Lisbon, Portugal, and was approved by an 
independent ethical committee (Ethical Commit-
tee for Health, Lisbon, Portugal; Authorization no. 
013/2010).

Seventy patients (29 males and 41 females; 
mean age 54 years; range 35–81 years) were con-
secutively included from February 2005 to Febru-
ary 2010, provided that they met the inclusion cri-
teria. Twenty-nine patients had systemic diseases: 
diabetes (n = 3), cardiovascular problems (n = 23), 
thyroid diseases (n = 2), hepatitis (n = 3) and HIV 
(n = 1). Two patients presented more than one 
condition. Twenty-two patients were heavy brux-
ers and 19 patients were smokers. A total of 280 
implants (Nobel Biocare) were inserted (Table 1). 
Of these, 83 were trans-sinus implants: 10 mm (n 
= 1), 13 mm (n = 3), 15 mm (n = 11) and 18 mm 
(n = 68) long. A total of 57 were conventional 
tilted implants: 13 mm (n = 2), 15 mm (n = 17) 
and 18 mm (n = 38) long. In total, 140 were 
standard straight implants: 8.5 mm (n = 6), 10 mm 
(n = 24), 11.5 mm (n = 31), 13 mm (n = 45) and 
15 mm (n = 29) long. The implant models were 
NobelSpeedy Replace (Nobel Biocare; 10 mm [n 
= 2], 11.5 mm [n = 1]) and NobelSpeedy Shorty 
(Nobel Biocare; 7 mm [n = 2]).

On the opposing jaw, there were implant-sup-
ported prostheses (28 patients), natural teeth (16 
patients), a combination of both (25 patients) and a 
removable prosthesis (1 patient). 

Table 1    Type of implant and distribution.

Type of implants Implant position Total

16 15 14 13 12 11 21 22 23 24 25 26

Trans-sinus tilted implants 0 43 0 0 0 0 0 0 0 0 34 1 78

Conventional tilted implants 1 25 1 0 0 0 0 0 0 4 28 5 64

Conventional axial implants 0 0 0 1 36 33 35 34 1 0 0 0 140

Total 1 68 1 1 36 33 35 34 1 4 60 6 280
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�� Inclusion and exclusion criteria

The inclusion criteria were patients in need of a max-
illary complete edentulous rehabilitation without 
having enough bone height posterior to the canines 
to anchor and stabilise the implants, as reflected in 
the following anatomical criteria (Figure 1):
•	 Presence of a minimum of 3 mm of height avail-

able under the sinus floor to anchor the implant’s 
head

•	 An anterior sinus wall that, due to its curvature, 
did not allow placing a tilted implant through the 
standard protocol using between a 30 and 45 
degree angulation fully inside the bone 

•	 And/or the inferior corner of the anterior wall of 
the sinus positioned anterior to the first premolar.

The following exclusion criteria were used: 
•	 emotional instability
•	 undergoing maxillary radiation therapy
•	 undergoing active chemotherapy
•	 patients who underwent bone grafting proce-

dures at the planned implant sites
•	 patients with enough bone height bilaterally in 

the posterior maxilla that allowed the insertion 
of tilted implants through the standard protocol. 

�� Surgical protocol

The surgical procedures were performed under local 
anaesthesia: articaine chlorhydrate (72 mg/1.8 ml) 
with epinephrine (0.018 mg/1.8 ml) 1:100,000 
(Artinibsa 2%®, Inibsa Laboratory, Barcelona, 
Spain). All patients were sedated with diazepam 
(Valium® 10 mg, Roche, Amadora, Portugal) prior 
to surgery. Antibiotics (amoxicillin 875 mg + clavu-
lanic acid 125 mg, Labesfal, Campo de Besteiros, 
Portugal) were given 1 hour prior to surgery and 
daily for 6 days thereafter. Cortisone medication 
(prednisone 5 mg [Meticorten®], Schering-Plough 
Farma, Agualva-Cacém, Portugal) was given daily 
in a regression mode (15 mg to 5 mg) from the day 
of surgery until 4 days postoperatively. Anti-inflam-
matory medication (ibuprofen, 600 mg, Ratiopharm, 
Carnaxide, Portugal) was administered for 4 days 
postoperatively starting on day 4. Analgesics (clo-
nixine 300 mg, Clonix®, Janssen-Cilag Farmaceu-
tica, Barcarena, Portugal) were given on the day of 

surgery and postoperatively for the first 3 days if 
needed. Antacid medication (omeprazole, 20 mg, 
Alter SA, Lisbon, Portugal) was given on the day 
of surgery and daily for 6 days postoperatively. The 
surgical protocol followed was described in length 
in a previous publication on maxillary rehabilitation 
through the All-on-4 concept22. 

All of the maxillae were resorbed, with less than 
5 mm width in the bone crest and less than 10 mm 
of height between the canines in the pre-maxilla re-
gion. These maxillae had a particular anterior sinus 
wall anatomy that did not allow inserting a tilted 
implant through the standard protocol fully inside 
the bone. In one patient with sinusitis diagnosed 
preoperatively, the Schneider’s membrane was not 
ruptured. In this situation, the procedure was the fol-
lowing: a window of approximately 8 mm of diam-
eter was opened in the maxilla approximately 8 mm 
above the residual crest. The sinus membrane was 
lifted, leaving the walls free from any soft tissue. The 
space was limited by the anterior wall of the sinus, 
the nasal wall, the residual maxillary crest and the 
collapsed membrane. 

In situations without sinusitis diagnosed preop-
eratively, Schneider’s membrane was ruptured to 
insert the implant. No additional surgical care was 
taken when the intra-sinus fenestrations occurred. 
The insertion of the tilted trans-sinus implants was 
as follows: an under-preparation protocol was used 

Fig 1    Illustration representing an implant inserted trans-sinus (implant #15 marked by 
the arrow) with a double bicortical anchorage (implant anchored to the maxilla, sinus 
and nasal corticals as indicated by the red circles) as opposed to implant #25, which is 
inserted with bicortical anchorage.
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to achieve an insertion torque of at least 32 Ncm 
before final seating of the implant. The 2 mm twist 
drill usually crossed the bone crest just anterior to the 
sinus wall, passed inside the sinus and entered again 
in the maxilla, engaging in the nasal cortical bone 
with an angulation up to 45 degrees. Implant length 
was determined according to this drilling depth. The 
preparation was followed by a 2.4/2.8 mm step drill 
and 3.2/3.6 mm (depending on bone density). In 
cases of high-density bone, the 3.8/4.2 mm step 
drills were used only in the cortical bone. 

The bone available just posterior to the anterior 
sinus wall and inferior to the sinus floor was used to 
anchor the implant’s head, the body of the tilted im-
plant was inside the sinus, and the implant apex was 
anchored in the bone between the anterior sinus wall 
and the nasal cortical. The nasal cortical was used, if 
necessary, to achieve a double bicortical anchorage 
(Figure 1).

The implants were classified as trans-sinus intra-
surgically and confirmed after a postoperative ortho-
pantomograph.

All implants were 4 mm in diameter. The an-
terior implants were oriented vertically by a guide 
pin, replacing the edentulous guide (Nobel Biocare). 
Care was taken in the selection of the anterior im-
plant positions not to come in conflict with the apex 
of the tilted posterior implants, which normally 
reached the canine area. The anterior implants were 
typically inserted in lateral or central incisor posi-
tions. With this implant arrangement, the authors 
aimed at allowing good implant anchorage, a large 
inter-implant distance, and short cantilever length 
with the posterior implants typically emerging 
at the first/second premolar position. After clos-
ing and suturing the flap with 3-0 non-resorbable 
sutures, the abutments were accessed by means of 
a punch if needed, and impression copings were 
placed. A representative clinical situation is illus-
trated in Figures 2 to 8.

�� Immediate prosthetic protocol

Complete arch acrylic resin prostheses (Heraeus 
Kulzer, Hanau, Germany)were inserted on the day 
of surgery (n = 70). The fabrication of the implant-
supported prosthesis followed standard procedures. 
After suturing, an impression with putty material 

Fig 2    Preoperative orthopantomograph. Presence of compromised teeth and pneuma-
tisation of the maxillary sinus.

Fig 5    Orthopantomograph showing the definitive prosthesis after 1-year of follow-up. 

Fig 3    Postoperative orthopantomograph showing implants in positions #15 and #25 
inserted trans-sinus and with bicortical anchorage (implants anchored to both maxillary 
and nasal corticals).

Fig 4    Orthopantomograph of the same patient at 6 months post-loading.
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(Elite HD+ Putty 50 ft Fast; Zhermack™, Badia Poles-
ine, Italy) was made in a custom open tray. After tray 
removal, healing caps (Nobel Biocare) were placed to 
support the peri-implant mucosa during the fabrica-
tion of the prosthesis. A high-density acrylic resin  
prosthesis (PalaXpress Ultra™; Heraeus Kulzer) with 
titanium cylinders (Nobel Biocare) was manufac-
tured at the dental laboratory and inserted on the 
same day, usually 2 to 3 hours post-surgically. An-
terior occlusal contacts and canine guidance during 
lateral movements were preferred in the provisional 
prosthesis.

�� Final prosthetic protocol

Considering patient desires, a metal-ceramic 
implant-supported fixed prosthesis with a titanium 
framework and all-ceramic crowns (NobelProcera 
titanium framework, NobelProcera crowns, Nobel 
Rondo ceramics; Nobel Biocare), or a metal-acrylic 
resin implant-supported fixed prosthesis with a 
titanium framework (NobelProcera titanium frame-
work) and acrylic resin prosthetic teeth (Heraeus 
Kulzer), were used to replace the provisional pros-
theses. If an adjustment of the angulated abut-
ment was needed for better positioning of the 
screw access hole, the impression for the final pros-
thesis was taken at implant level. The abutment 
position was then decided at the laboratory and 
was adjusted in the patient’s mouth. In this final 
prosthesis, the occlusion mimicked natural denti-
tion. The final prosthesis was delivered typically 6 
months post-surgically. 

�� Primary outcome measures

•	 Implant survival was measured according to the 
Malo Clinic survival criteria22: (i) it fulfilled its 
purported function as support for reconstruc-
tion (the implants inserted were all used to sup-
port the rehabilitation), (ii) it was stable when 
individually and manually tested (at the evalua-
tion appointments by removing the prosthesis), 
(iii) no signs of pain or persistent infection were 
observed (prevalent infection that could not be 
resolved through non-surgical or surgical inter-
ventions), (iv) no radiolucent areas around the 
implants suggestive of an implant encapsulation 
measured through apical radiographs or ortho-
pantomographs.

•	 Prosthesis success was measured by function (not 
needed to be replaced by another prosthesis).

•	 Mechanical complications: fracture or loosening 
of prosthodontic components assessed clinically 
at each follow-up appointment and radiographi-
cally (after 1 and 3 years). 

•	 Biological complications assessed clinically at each 
follow-up appointment: peri-implant pathology 
(presence of peri-implant pockets ≥5 mm and 
bone loss of ≥2 mm), soft tissue inflammation 
(present or absent), fistula formation (present or 
absent), abscess (present or absent), excessive 
marginal bone resorption (more than 2 mm after 
1 year and more than 2.4 mm after 3 years of fol-
low-up), prevalence of sinusitis (patient reported 
complaints).

Fig 6    Periapical radiograph of implant #15 at 3 years of 
follow-up; 1.62 mm of bone loss was detected.

Fig 7    Periapical radiograph of 
implants #12 and #21 from the 
patient indicated in Figures 2 to 
6 at 3 years of follow-up.

Fig 8    Periapical radiograph of implant #25 from 
the same patient at 3 years of follow-up.

Copyright
byQ

uintessenz

Alle Rechte vorbehalten



Maló et al    All-on-4 trans-sinus tilted implants without bone grafting6 n

Eur J Oral Implantol 2013;6(3):1–11

�� Secondary outcome measures

•	 Peri-implant marginal bone level changes were 
evaluated on periapical radiographs (Kodak, 
Rochester, NY) made at implant placement, and 
1 and 3 years of follow-up. A conventional radio-
graph holder (Super-bite, Hawe-Neos, Bioggio, 
Switzerland) was used, and its position was man-
ually adjusted for an estimated orthognathic pos-
ition of the film, so that the position of the film 
was as parallel as possible to the implant. The ref-
erence point for the reading was the implant plat-
form, that is, the horizontal interface between 
the implant and the abutment. The radiographs 
were grouped as follows: implant placement, and 
1 year and 3 years post-loading. An outcome 
assessor examined all implant radiographs. Each 
periapical radiograph was scanned at 300 dpi 
with a scanner (HP Scanjet 4890, HP Portugal, 
Paço de Arcos, Portugal), and the marginal bone 
level was assessed with image analysis software 
(Image J version 1.40g for Windows, National 
Institutes of Health, Bethesda, Maryland, USA). 
The reference point for reading was the implant 
platform (the horizontal interface between the 
implant and the abutment), and marginal bone 
remodelling was defined as the difference in mar-
ginal bone level relative to the bone level at the 

time of surgery. The radiographs were accepted 
or rejected for evaluation based on the clarity of 
the implant threads; a clear thread guarantees 
both sharpness and an orthogonal direction of 
the radiographic beam towards the implant axis.

•	 Aesthetic complaints (aesthetic complaints of 
the patient or dentist) assessed clinically at each 
follow-up appointment for the patient and at 
prosthetic evaluation, yearly, for the dentist.

•	 Functional complaints (phonetic complaints, masti-
catory complaints, comfort complaints or hygienic 
complaints) assessed clinically at each follow-up 
appointment, collecting the patient’s opinion.

�� Statistical evaluation

Descriptive statistics were used to classify the vari-
ables of interest. Survival was estimated as patient-
specific (any implant failure in one patient) and 
implant-specific using the life table analysis. 

�� Results

Seven patients (10% of the sample) with 28 
implants, of which 8 were trans-sinus implants, 
dropped out of the study. In the first year of follow-
up, 2 patients with 3 trans-sinus implants were lost 
to follow-up (1 patient moved away, 1 patient was 
unreachable). Between the first and second years 
of follow-up, 3 patients with 3 trans-sinus implants 
were lost to follow-up (all unreachable). Between 
the second and third year of follow-up, 2 patients 
with 2 trans-sinus implants were lost to follow-up 
(both moved away).

�� Primary outcome measures

•	 Implant survival: Three trans-sinus implants were 
lost in 3 patients after 2, 7, and 9 months of 
follow-up, giving a cumulative survival rate of 
95.7% and 96.3% at patient and implant-level, 
respectively (Tables 2 and 3). One conventional 
tilted implant was lost in 1 patient (one of the 
patients that lost a trans-sinus tilted implant) 
after 23 months, giving a cumulative survival rate 
of 98.1% at patient/implant level (Table 4). One 
straight implant was lost in 1 patient (a second 

Table 2    Cumulative survival rate of trans-sinus implants at patient level.

Number of patients

Duration Total Failed Withdrawn Survival 
rate (%)

Cumulative survival 
rate (%)

Placement 70 3 2 95.7 95.7

1 year 65 0 3 100.0 95.7

2 years 62 0 1 100.0 95.7

3 years 61 0 0 100.0 95.7

Table 3    Cumulative survival rate of trans-sinus implants at implant level.

Number of Implants

Duration Total Failed Withdrawn Survival 
rate (%)

Cumulative survival 
rate (%)

Placement 83 3 3 96.3 96.3

1 year 77 0 3 100.0 96.3

2 years 74 0 1 100.0 96.3

3 years 73 0 0 100.0 96.3
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patient that lost a trans-sinus tilted implant) after 
2 months of follow-up, giving a survival rate of 
98.6% and 99.3% at patient and implant level, 
respectively (Tables 5 and 6). All lost implants 
presented with clinical mobility. The lost implants 
were replaced on the same day (n =1 trans-sinus 
implant), after 5 months (n=1 trans-sinus im-
plant; n = 1 conventional tilted implant; n = 1 
straight implant) and 7 months (n = 1 trans-sinus 
implant), and maintained function without any 
complications. 

•	 Prosthesis success: No prosthesis was lost, ren-
dering a survival rate of 100%.

•	 Mechanical complications occurred in 36 patients 
with a predominance of abutment or prosthetic 
screw loosening (n = 28), followed by fracture 
of the prosthesis (n = 8 patients). Screw loosen-
ing occurred in 27 provisional prostheses and 1 
definitive prosthesis, with 8 patients presenting 
an implant-supported fixed prosthesis as oppos-
ing dentition, 5 patients diagnosed as a heavy 
bruxers, and 7 patients with both an implant-
supported fixed prosthesis as opposing denti-
tion and bruxism. These problems were solved 
by adjusting the occlusion and manufacturing 
a night-guard. The fractures occurred in 6 pro-
visional prostheses and 1 definitive prosthesis, 
with 2 patients diagnosed as heavy bruxers, 1 
patient presenting an implant-supported fixed 
prosthesis as opposing dentition, and 2 patients 
with both (implant-supported fixed prosthesis as 
opposing dentition and bruxism). These compli-
cations were solved by mending the prosthesis 
(provisional) or repairing the ceramic (definitive 
prosthesis), adjusting the occlusion and further 
re-instruction about not overloading the prosthe-
sis (just for patients with provisional prostheses), 
and manufacturing a night-guard for the patient 
with a definitive prosthesis. No further mechan-
ical complications occurred.

•	 Biological complications occurred in a total of 26 
patients and 30 implants. For the trans-sinus sub-
group, there were 15 patients and 15 implants, 
with a predominance of peri-implant pathology 
(probing pocket depths of 5 mm of more con-
current with marginal bone resorption and the 
presence of bleeding on probing) (n = 11), fol-
lowed by fistulae (n = 2), and excessive bone 

loss (n = 2). For the conventional tilted implants, 
there were 10 patients and 10 implants with peri-
implant pathology. For the conventional straight 
implants, there were 4 patients and 4 implants 
with peri-implant pathology. There were 4 
patients with implants in both subgroups (with1 
tilted trans-sinus implant and 1 conventional 
tilted implant contralateral to the trans-sinus 
implant) that had biological complications. All 
episodes of peri-implant pathology and fistulae 
were resolved through non-surgical therapy and 
the administration of antibiotics, respectively. 
There were 2 patients who had sinusitis after 
surgery and during the follow-up. The patients 
reported pain and inflammation at the sinus, 

Table 4    Cumulative survival rate of conventional tilted implants (contralateral to the 
trans-sinus tilted implants) at patient/implant level.

Number of patients/implants*

Duration Total Failed Withdrawn Survival rate 
(%)

Cumulative 
survival rate (%)

Placement 57 0 2 100.0 100.0

1 year 55 1 3 98.1 98.1

2 years 51 0 1 100.0 98.1

3 years 50 0 0 100.0 98.1

*One conventional tilted implant per patient

Table 5    Cumulative survival rate of conventional axial implants at patient level.

Number of patients

Duration Total Failed Withdrawn Survival  
rate (%)

Cumulative 
survival rate (%)

Placement 70 1 2 98.6 98.6

1 year 67 0 0 100.0 98.6

2 years 64 0 0 100.0 98.6

3 years 61 0 0 100.0 98.6

Table 6    Cumulative survival rate of conventional axial implants at implant level.

Number of Implants

Duration Total Failed Withdrawn Survival 
rate (%)

Cumulative survival 
rate (%)

Placement 140 1 4 99.3 99.3

1 year 135 0 0 100.0 99.3

2 years 129 0 0 100.0 99.3

3 years 123 0 0 100.0 99.3

Copyright
byQ

uintessenz

Alle Rechte vorbehalten



Maló et al    All-on-4 trans-sinus tilted implants without bone grafting8 n

Eur J Oral Implantol 2013;6(3):1–11

�� Secondary outcome measures

•	 Peri-implant marginal bone levels: The percent-
age of readable radiographs was 54% (base-
line), 86% (1-year) and 83% (3 years). The 
average (standard deviation) marginal bone 
levels at baseline for the trans-sinus, conven-
tional tilted and straight implants were 0.40 mm 
(0.37), 0.26 mm (0.25), and 0.31 mm (0.32), 
respectively. The marginal bone resorption for 
the trans-sinus tilted implants were, on average 
(standard deviation), 0.96 mm (0.62 mm) and 
1.14 mm (0.74 mm) after 1 and 3 years of fol-
low-up, respectively (Table 7). The marginal bone 
resorption for the conventional tilted implants 
were, on average (standard deviation) 0.89 mm 
(0.54 mm) and 1.06 mm (0.71 mm) after 1 and 
3 years of follow-up, respectively (Table 8). The 
marginal bone resorption for the straight implants 
were, on average (standard deviation), 0.62 mm 
(0.35 mm) and 1.15 mm (0.51 mm) after 1 and 3 
years of follow-up, respectively (Table 9).  

•	 Aesthetic complaints: No aesthetic complaints 
were registered during the follow-up of the study.

•	 Functional complaints: No functional complaints 
were registered during the follow-up of the study.

�� Discussion

To the authors’ knowledge, this is the first study 
of the rehabilitation of the complete edentulous 
atrophic maxilla using trans-sinus implants without 
other reconstruction techniques used simultaneously 
(such as bone grafting and/or sinus lift). The cur-
rently described rehabilitation technique has proven 
to be viable, with a high implant survival rate of 
95.7% and 96.3% on patient and implant level, re-
spectively, and 100% success in terms of prosthetic 
rehabilitation.

The survival and marginal bone resorption results 
are comparable to other studies using the same 
rehabilitation procedure (All-on-4, Nobel Biocare) in 
non-atrophied maxillae and with similar follow-up: 
survival rates of 97.6% and 98% were reported for 
the short- (1 year) and medium-term (3 years) out-
comes, respectively, and a marginal bone resorption 
of 0.9 mm and 1.52 mm after 1 and 3 years of fol-

Table 8    Marginal bone resorption of conventional tilted implants (contralateral to the 
trans-sinus tilted implants) at patient level.

  Baseline 1 year 3 years

Mean (mm) 0.26 0.89 1.06

SD (mm) 0.25 0.54 0.71

Number 30 47 40

Frequencies N % N % N %

0 mm 10 33.3% 1 2.1% 0 0.0%

0.1 to 1.0 mm 20 66.6% 32 68.1% 23 57.5%

1.1 to 2.0 mm 0 0.0% 12 25.5% 11 27.5%

2.1 to 3.0 mm 0 0.0% 2 4.3% 6 15.0%

>3.0 mm 0 0.0% 0 0.0% 0 0.0%

Table 7    Marginal bone resorption of trans-sinus implants at 1 and 3 years at patient level.

  Baseline 1 year 3 years

Mean (mm) 0.40 0.96 1.14

SD (mm) 0.37 0.62 0.74

Number 34 59 50

Frequencies N % N % N %

0 mm 10 29.4% 1 1.7% 0 0.0%

0.1 to 1.0 mm 22 64.7% 36 61.0% 24 48.0%

1.1 to 2.0 mm 2 5.9% 19 32.2% 20 40.0%

2.1 to 3.0 mm 0 0.0% 2 3.4% 5 10.0%

>3.0 mm 0 0.0% 1 1.7% 1 2.0%

Table 9    Marginal bone resorption of straight implants at patient level.

  Baseline 1 year 3 years

Mean (mm) 0.31 0.62 1.15

SD (mm) 0.32 0.35 0.51

Number 31 57 44

Frequencies N % N % N %

0 mm 6 19.4% 0 2.1% 0 0.0%

0.1 to 1.0 mm 23 74.2% 50 87.7% 17 38.6%

1.1 to 2.0 mm 2 6.5% 6 10.5% 23 52.3%

2.1 to 3.0 mm 0 0.0% 1 1.8% 4 9.1%

>3.0 mm 0 0.0% 0 0.0% 0 0.0%

together with a nasal discharge. Both situations 
were resolved, one through the administration of 
anti-inflammatory drug, and the other through a 
surgical intervention to clean the sinus together 
with the administration of corticosteroid drugs. 
No further biological complications occurred.
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low-up, respectively22,25. Judging by the compara-
tive results between trans-sinus and conventional 
tilted implants, this modification of the conventional 
All-on-4 protocol for maxilla rehabilitation did not 
seem to affect the medium-term prognosis of the 
rehabilitations. Furthermore, in completely eden-
tulous rehabilitations with atrophic maxillae using 
conventional tilted implants, the results compare 
favourably: in a study evaluating the performance 
of 4 or more implants for completely edentulous 
rehabilitation of the maxillae, Maló et al23 reported a 
92% survival rate for the All-on-4 concept in a high 
degree of atrophy. 

The authors recommend the use of trans-sinus 
implants when it is not possible to rehabilitate the 
completely edentulous posterior maxillae through 
standard techniques with conventional tilted implants, 
and before choosing more complex techniques such 
as zygomatic implants or bone grafting procedures. 

Based on the present results, the currently 
described technique achieves comparable results 
when compared to rehabilitations supported by 
implants in immediate function inserted in grafted 
bone4,26, or the use of zygomatic anchored implants 
through the extra-maxillary technique (98.5%)5. 
Additionally, the use of trans-sinus implants rela-
tive to implants inserted in grafted maxillary sinuses 
avoids morbidity at donor sites when autogenous 
bone is used. Furthermore, in a systematic review of 
randomised controlled trials (RCT), higher probabili-
ties of implant failure and complications (odds ratio 
of ≥5.0) were reported for longer implants inserted 
in augmented bone compared with short implants, 
which may suggest a trend for a higher probability 
of a successful outcome when using short implants 
in residual bone.

The survival rates of short implants reported in 
several studies12-15,17,18,21-24,27-30 ranged between 
94.6% and 96.7%, including six RCTs12-15,17,18 with 
short-term, medium-term and long-term follow-
ups. In a study evaluating early complete failures of 
fixed implant-supported prostheses in ‘cluster failure 
patients’ treated in the edentulous maxilla, Jemt and 
Hager31 reported implant length as having a signifi-
cant impact on increased failure risk. Nevertheless, 
this situation may be influenced by implant surface, 
as concluded in a systematic review that found no sig-
nificant difference between short and conventional 

rough-surface implants placed in totally or partially 
edentulous patients32. However, these comparisons 
should be properly tested using a RCT. Compared 
to rehabilitations using zygomatic implants, the pro-
cedure with trans-sinus implants is not as technically 
demanding. The results achieved in terms of survival 
are comparable between the two techniques. For the 
same time period (3 years), the cumulative survival 
rate results of the rehabilitations using zygomatic 
implants in immediate function have been reported 
to be between 96.4% and 100%6,33. 

In the present study, sinusitis was observed 
in 2 patients, i.e. a prevalence rate of 2.9%. The 
prevalence rate was lower when compared to the 
prevalence reported in rehabilitations of the atrophic 
maxilla through zygomatic implants, where this 
complication is one of the most prevalent, and still 
possibly underestimated, since most studies do not 
mention the presence or absence of these complica-
tions34. Nevertheless, RCTs need to be performed in 
order to make appropriate comparisons. Tabrizi et 
al35, in a retrospective study with 13 patients and 
18 implants with radiographic evidence of implant 
exposure to the maxillary sinuses, reported absence 
of signs or symptoms of sinusitis owing to the avoid-
ance of membrane tearing. Jung et al36 evaluated 9 
patients with 23 implants that had been inserted into 
the maxillary sinus without lifting the sinus mem-
branes and found no clinical signs of sinusitis in any 
patient 6 to 10 months after implant insertion. The 
present study reached a similar result, as rupturing 
the sinus membrane in the absence of preoperative 
sinusitis did not seem to influence significantly the 
prevalence of sinus infections. However, this situ-
ation needs to be clarified in future studies. 

One disadvantage of this technique was the 
higher prevalence of mechanical complications 
(nearly 50% of the sample). A similar result was 
observed using tilted implants in the completely 
edentulous rehabilitation of the atrophic maxilla 
and could be explained by the background of more 
demanding biomechanical conditions under which 
these patients are rehabilitated. The inclusion of 
larger cantilever extensions, especially in the pres-
ence of bruxism, can increase the risk of mechanical 
complications23.

The study limitations are its retrospective design 
(it was not an RCT comparing this technique with 
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other techniques), the involvement of only one cen-
tre and the low percentage of baseline radiographs, 
which may represent a threat to the results of the 
marginal bone resorption towards an overestimation 
of the values at 1 and 3 years.

Future RCTs should focus on the long-term out-
come of this rehabilitation technique in comparison 
to alternative techniques. 

�� Conclusions

The high survival rate observed indicates that the 
outcome of immediately loaded trans-sinus implants 
in the rehabilitation of edentulous atrophic maxillae 
to avoid sinus lift procedures is a viable option in the 
short and medium term. 
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