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aLternatIVe ImPLantatIon metHoDS  
to aVoID SInuS GraFtInG

Abstract
The purpose of this study was to evaluate and modify alternative meth-

ods for implant placement in the posterior maxilla using a limited amount 
of existing bone, thus avoiding sinus grafting. a total of 162 patients with 
343 implants in the posterior maxilla divided in 5 retrospective groups were 
evaluated according to different treatment modalities: the short implants 
group, the palatal positioned implants group, the pterygomaxillary im-
plants group, the tilted implants group and the implants cantilevered pros-
theses group. optimal use of the posterior maxilla was achieved by modi-
fying the surgical technique required. Patients were treated consecutively 
between 2004—2011, and were followed up 60 months after prostheses de-
livery. a success rate of 96.7% for short implants, 93% for palatal positioned 
implants, 92% for pterygomaxillary implants, 94.6% for tilted implants 
and 95.2% for implants with cantilevered prostheses at 5 years of follow up 
was obtained. No statistically significant differences were found between 
the groups for either of the evaluated procedures. Placing implants in pre-
existing bone in the posterior maxilla enables avoidance of more complex 
surgical procedures such as sinus floor augmentation. These methods led 
to simpler, more predictable, less expensive, and less time-consuming treat-
ment compared to more invasive maxillary sinus augmentation.

Key words: short, palatal, titled, pterygomaxillary and cantilevered pros-
theses implants.
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Rezumat
METODE ALTErNATIVE DE IMPLAN-
TArE PENTrU EVITArEA GrEFĂrII SI-
NUSULUI MAXILAr

Scopul studiului a constat în evaluarea şi 
perfecta metodele alternative de instalare a 
implantelor în sectoarele posterioare maxilare 
folosind cantitatea de os existent şi evitând gre-
farea sinusului. au fost evaluaţi 162 pacienţi la 
care au fost instalate 343 implanturi în sectoa-
rele posterioare maxilare, care au fost diviza-
te în 5 grupe (retrospectiv) în dependenţă de 
metoda de instalare a lor: grupul cu implanturi 
scurte, implanturi poziţionate palatal, implante 
pterigomaxilare, angulate, implante ce supor-
tă construcţii protetice cu extenzii. Utilizarea 
optimală a sectorului posterior maxilar a fost 
obţinută prin modificarea tehnicilor necesare. 
Pacienţii au fost trataţi în perioada 2004—2011 
şi au fost evaluaţi pentru o perioadă de 60 luni 
după încărcarea funcţională. la un interval 
de 5 ani de evaluare, a fost obţinută o rată de 
succes de 96,7% pentru cele scurte, 93% pen-
tru implantele palatale, 92% pentru cele pte-
rigomaxilare, 94,6% în cazul celor angulate şi 
95,2% pentru cele cu extenzii ale construcţiei 
protetice. Nu a fost depistată diferenţă statisti-
că între grupuri pentru oricare din parametrii 
analizaţi. Instalarea implantelor în osul rezidu-
al al sectoarelor posterioare maxilare permite 
evitarea unor proceduri chirurgicale complexe 
cum este elevarea planşeului sinusului msxilar 
şi augmentarea sa. aceste metode conduc la un 
tratament mai simplu, previzibil, mai accesibil 
şi de durată mai mică comparativ cu metodele 
de augmentare invazivă a sinusului maxilar.

Cuvinte cheie: implante scurte, angulate, 
pterigomaxilare, palatale şi cu construcţii pro-
tetice cu extenzii.

Introduction
Implant-supported fixed prostheses represents to-

day a common treatment for the rehabilitation of to-
tally or partially edentulous patients. It is well known 
that the placement of implants in the edentulous pos-
terior maxilla may be difficult, namely the restricted 
quantity of subsinusal bone due to severe bone resorp-
tion as a consequence of tooth loss, pneumatization of 
the maxillary sinus and low bone density including the 
tuber region [17]. Sinus floor augmentation with auto-
genus bone grafts or with biomaterials has since long 
been the predominant, well-documented procedure in 
the literature [12]. In spite of the excellent outcomes of 
this procedure [12, 31], it is associated with several 
possible complications at the donor and host sites, si-
nusitis, fistulae, loss of the grafts or the implants, os-
teomyelitis, increases duration and costs, increases 
morbidity and functional limitations including pain 

and neurosensory deficits and patients acceptance 
[14]. In addition, unpredictable reduction in bone 
graft volume as a result of resorption is common. Un-
doubtedly, this kind of long-lasting therapy can be 
physically demanding especially for elderly patients. 
Surgical methods have therefore been elaborated to 
minimize both the number and extent of operative in-
terventions, and also the need for major bone grafting. 
To overcome these limitations, some have suggested 
using the existing anatomic features to place the im-
plant, such as short implants [11, 32], tilted implants 
placed in the anterior or posterior sinus wall [9,19], 
Palatal positioned implants using the palatal curvature 
[28], pterygomaxillay implants using the pterygoid 
process [7,19]. another alternative therapeutic option 
in case of limited available bone is represented by in-
corporating the distal cantilever design in implant 
supported prostheses [35]. The use of short implants 
defined as implants lesser than 10mm in length [11] as 
a minimally invasive surgical technique is still contro-
versial. Many studies have shown higher failure rates 
for shorter implants, whereas recent investigations 
show that short implants can be quite predictable and 
have a success rate similar to that seen for longer im-
plants [23,32]. In an extensive review of 33 studies 
with 16, 344 implants of 7, 8.5, or 10mm long pub-
lished between the year 1980 and 2004, the total rate of 
success was 95.2% [11]. The authors concluded that 
short implants should be considered as an alternative 
to advanced sinus floor augmentation surgeries. In a 
review of the literature covering the period 1990 to 
2005, data of 22 publications reporting an adapted sur-
gical preparation and the use of textured-surfaced im-
plants have shown survival rates of short implants 
comparable with those obtained with longer ones [32]. 
The influence of diameter and length of implant on 
early failure was also recently analyzed in a retrospec-
tive study of 1649 implants placed in different areas in 
650 patients [27]. In other clinical studies of the per-
formance of short implants, success rates between 92.2 
and 99.0% have been reported [32, 16]. Placement of 
implants tilted distally or mesially (Parallell to the an-
terior or posterior sinus wall) as parasinusal angula-
tion allows maximum use of existing bone avoiding 
sinus grafting procedures [21]. longer implants can be 
placed despite the lack of available bone, because they 
are inserted in an angulated position; Rosen and Gyn-
ther [38] placed implants up to 18mm in length in this 
area, allowing engagement of as much cortical bone as 
possible; in fact, the tilted implants are placed between 
the cortical bone of the crest, the mesial wall of the 
maxillary sinus, and nasal floor, achieving tricortical 
anchorage, thus increasing primary stability. further-
more, increasing the interimplant distance and reduc-
ing cantilever length, a better load distribution may be 
achieved [19]. Tilting of the implants did not affect the 
marginal bone resorption pattern. No significant dif-
ference in bone level change between axial and tilted 
implants has been found [43]. a technique has been 
reported for implants placed tangential to the palatal 
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curvature in the area of the first and second molar 
[28]. These implants were placed in the direction of 
the palatal sulcus, i.e. the bone impression of the great 
palatal bundle tangential to the palatal concavity in the 
cortical plate of the maxilla to provide acceptable sup-
port for fixed prostheses. Placement of implants in the 
pterygomaxillary region is more technically demand-
ing. because of limited accessibility it was previously 
thought that the pterygomaxillary area was inoperable 
or unsuitable for implant placement because of large 
fatty marrow spaces, limited trabecular bone, and bio-
mechanical factors [45]. a lower success rate was ex-
pected for implants placed in this region. Using a larg-
er number of implants or wider-diameter implants to 
obtain greater surface area for bone implant contact 
was considered to increase the success rate. Implants 
in the pterygoid region in the posterior maxilla were 
first suggested by Tulasne in 1992 [45] and later dis-
cussed by other authors to get anchorage in the dense 
bone in the pterygoid plate united to the tuberosity 
medio-posteriorly [6]. engaging the cortical bone of 
the pterygoid plate with long implants can improve 
primary stability thereby providing long-term success. 
The technique itself is not without risk, since the drill 
path is close to important anatomic structures. a slight 
deviation of the direction of the drill may induce the 
risk of bleeding from the maxillary artery or from the 
greater palatine artery. To avoid mainly the risk of 
hemorrhage and to condense the bone for better pri-
mary stability Valeron et.al [47] presented cylindric 
osteotomes for bone site preparation, thus minimizing 
the use of drills and reported of an absolute survival 
rate of 95.7% which was comparable with those of 
other studies in grafted maxillae. Ridell et.al [33] pre-
sented a technique used includes preparation of an in-
spection window into the maxillary sinus, which fur-
ther ensure implant placement. Numerous reports 
attribute to these implants success rates that are similar 
to or higher than those of other techniques [33]. Pe-
narrocha et.al [29] reported a success rate of 97.5% 
obtained in the 68 pterygoid implants placed with a 
combination of drills and osteotomes. The use of blunt 
tools instead of sharp drills minimizes the danger of 
injuring close anatomic structures. There are various 
implant treatment concepts using distal cantilever 
prostheses with reports of long-term success [35]. This 
construction design allows a more straightforward re-
habilitation of edentulous areas. In implant-supported 
fixed dental prostheses (IfDPs) and implant-support-
ed cantilever fixed dental prostheses (ICfDPs) the dis-
tribution of masticatory forces appeared not to be uni-
formly distributed. Higher strain concentration 
adjacent to the extension was noted, which may lead to 
bone loss around implants. Clinical studies reported 
conflicting results for medium and long-term out-
comes of ICfDPs compared with IfDPs without canti-
lever extensions. Romeo et.al [37] reported an overall 
implant survival rate of 97% and a prostheses success 
rate of 98% during follow-up period of 1-7 years. The 
survival rates were similar for both treatments and, 

hence, it was concluded that ICfDPs represented a 
predictable therapy. Nadir et.al [26] in controversy re-
ported a higher number of complications for ICfDPs 
compared with IfDPs (29.4% vs. 7.9%). Different vari-
ables in study design may explain these controversies. 
Romanos et.al [11] reported that cantilevers provide a 
treatment option without a high risk of complications. 
a 95% implant survival may be achieved providing 
predictable and reliable clinical outcomes. The aims of 
the present retrospective study were to evaluate and 
modify the treatment outcome of different alternative 
treatment modalities of the atrophied posterior max-
illa to avoid sinus augmentation, such as short, tilted, 
palatal positioned, pterygomaxillary implants and im-
plants with cantilevered prostheses and to compare 
the outcomes for these alternative treatment modali-
ties and sinus augmentation with regard on implant 
survival up to 5 years of function.

Materials and Methods
Patient selection and evaluation
The study was performed as a retrospective inves-

tigation of patients treated during 2004—2011 in the 
author’s private practice (Tel-aviv Israel) with a total of 
343 implants (alpha bio, MIS, ITI, adin, alpha Gate) 
installed in the posterior maxilla according to alterna-
tive treatment modalities to avoid sinus augmentation. 
a total of 162 patients (87 males, 75 females) were in-
cluded. The mean age at surgery, which was performed 
by one surgeon, was 62 years (range 41-78 years). Ninty 
six patients were at the time of surgery completely eden-
tulous in the upper jaw and 66 were partially edentu-
lous. Patients were restored for single tooth, partially 
and totally edentulous sites. (Table 1, 2).

age TotalGender 21-30 31-40 41-50 51-60 61-70 > 71
female 10 12 14 16 17 14 83
Male 8 9 11 19 22 10 79
Total 18 21 25 35 39 24 162

Year No. of Implants Percentage  
of Total (%)

2004 11 3.2
2005 15 4.3
2006 28 8.1
2007 42 12.2
2008 44 12.8
2009 56 16.3
2010 68 19.8
2011 79 23
Total 343

Preoperative analysis was performed in all pa-
tients before treatment to study remaining bone. The 
choice of treatment was based on the amount and 
direction of bone available for implant placement as 
determined by clinical and radiographic presurgical 
examinations. Patients were divided into 5 groups 
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with implants placed following one of five specified 
alternative treatment modality: a) Short implants with 
or without transcrestal sinus floor elevation (TSfe). 
d) Tilted implants. b) Palatal positioned implants. c) 
pterygomaxillary implants. e) Implants with cantile-
vered prostheses. Table 3 shows the distribution of 
treatment groups to patients and implants.

Treatment Group No. of 
patient

No. of 
Implants 

Short Implants 38 122
Palatal Positioned Implants 15 28
Pterygomaxillary Implants 25 33
Tilted Implants 32 56
Implants with cantilevered 
prostheses  52 104 

Total 162 343

a sinus augmentation group, which has been stud-
ied and published in a separate article [3] served as a 
reference group for comparation of the clinical survival 
rates and results of all included groups in this study. all 
patients underwent minimally invasive surgery. These 
patients received 343 implants. Ninety three short im-
plants were placed in 26 patients. Twenty nine short im-
plants were placed in 12 patients with transcrestal sinus 
floor elevation without grafting material. Implants situ-
ated in adjacent sites were routinely splinted, regardless 
of implant size, to improve a more strain distribution 
during functional loading. The most posterior implant 
in these patients was placed, depending on the bone 
available, into the pterygoid plate and into the tuber-
osity (33 implants). fifty six additional tilted implants 
were placed close to and parallel with the anterior and 
posterior sinus wall (Tilted implants). Twenty-eight 
additional palatal positioned implants were placed into 
the palatal curvature in the molar region. one hundred 
four implants were placed in partially or totally edentu-
lous arches rehabilitated with cantilevered prostheses. 
67 implants in 38 patients were placed in type II bone 
density, 131 implants in 53 patients were placed in type 
III bone density and 145 implants in 71 patients were 
placed in type IV bone density. In type III or IV bone 
density, implants with greater diameter, roughened 
surface were preferred. Narrow implants and wide im-
plants have been used according to standard implanta-
tion protocol. Narrow-diameter implants i.e. 3.3mm in 
diameter were indicated for thin bone volume ≥ 4mm 
and were used in specific conditions such as a reduced 
interradicular bone, thin alveolar crest, or replacing 
teeth with a small cervical diameter. Wide- diameter 
implants i.e. 5mm have been used to increase the ability 
of these implants to tolerate occlusal force. These im-
plants were designed to address wider sites and higher 
occlusal forces. These implants were placed as either 
monocortically, bicortically or tricortically anchored. 
The following basic procedural concepts were used in 
this study: a) Placement of sufficient No. of implants 
to withstand the high occlusal forces. Two implants for 

each missing molar were suggested for a single site to 
mimic the anatomy of the roots, if 14mm or more space 
between adjacent teeth was present. b) Use of wider 
(≥4) mm implants rather than the 3.75 mm standard 
design, when possible.c) Use of a threaded design im-
plant. d) Presurgical planning of the final restoration. 
e) avoid transmucosal loading at the implants.

It was mandatory to thoroughly review the pa-
tients’ medical history. Special attention was devoted 
to patient-related factors that may affect bone healing. 
a systematic approach includes: a) General health sta-
tus b) Concomitant medication c) allergies (allergic 
sinusitis) d) Tobacco and alcohol e) Compliance was 
accomplished. all patients met the requirements of a 
strict selection protocol (Table 5).

Inclusion
Presence of at least 1 mm residual bone height (RbH)
Good general health and patients with controlled 
medical conditions
Stable mental health condition
ability to complete at least 24 month of clinical 
follow-up
Willingness to provide signed informed consent
exclusion
Uncontrolled diabetes
Presence of immunodeficiency
Use of immunosuppressive
Use of bisphosphonate
Radiation therapy in head and neck included the maxilla
Chemotherapy in the 12-month period prior to 
proposed therapy
Heavy smokers more than 20 cigarettes/day 

Tobacco use was not considered as absolute con-
traindication for surgical procedure.

Clinical and radiographic examination
a complete physical examination of oral hard and 

soft tissues was carried out for each patient, and an 
overall dental treatment plan was formulated. Diagnos-
tic casts, wax-ups, and surgical guides were also used as 
needed. The ridge was assessed mesiodistally and buc-
colingually to ascertain whether it can accommodate 
an implant. Interarch clearance has been studied to de-
termine space availability for the implant and crown. 
The prognosis and role of adjacent and opposing teeth 
was considered. The nature of the opposing dentition 
was noted as being either natured dentition, partially 
fixed prostheses, a removable partial denture, or a com-
plete denture. The quantity of keratinized mucosa and 
the profile of the alveolar crest were evaluated: a thick 
mucosa and a regular alveolar crest are important pre-
requisites for flapless surgery and fixed prostheses. The 
preoperative examination consisted in most patients of 
a panoramic radiographs, and if necessary intra-oral 
periapical radiographs to exclude pathology. In a few 
patients conventional CT-scans were obtained. The ra-
diographs were obtained from patients included in this 
study at baseline to evaluate the available bone quality 
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and quantity, angulation of bone, selection of potential 
implant sites and to verify absence of pathology. Pan-
oramic radiographs were obtained to determine the 
vertical bone dimension, after second-stage surgery and 
after prostheses placement. CT scans were obtained to 
determine the existing osseos structure and to evaluate 
any pathology of the sinuses particularly for patients 
planned for TSfe combined with short implants. The 
values obtained from the panoramic measurements 
were corrected for their magnification (divided by the 
enlargement factor 1.2) as defined by the manufactur-
ers. CT images were in their actual size (ratio 1:1).

according to analysis of CT scans or panoramic 
imaging the location of sinus walls and tuber region 
were assisted. bone density in the posterior maxilla 
was determined by the resulted tactile sense during 
implant site preparation following the method of 
Misch [24] using a physiodespenser intrasurg 300 
kavo Germany. This led us to modify our surgical 
protocol and treatment plan according to the resulted 
tactile sense during implant site preparation.

The insertion torque was recorded during implant 
placement with the help of the torque driver (alpha 
bio Israel) or through a torque gauge incorporated 
within the drilling unit INTRa surg 300 (kavo) Ger-
many. Periotest measurement was performed for all 
patients at implant placement, at the second stage 
surgery, and at the start of loading. each measure-
ment was repeated until the same value was recorded 
twice; Periotest value (PTV) was given in form of an 
implant stability degree to allow comparison between 
the different study groups. To determine the implant 
secondary stability reverse torque test (RTT) was 
measured at the time of second stage surgery. The 
RTT was evaluated for each implant separately. It 
was measured with a hand torque wrench (alpha-bio 
Tech Israel) by unscrewing the implants with 20 Ncm 
if interfacial failure occurred, the implant was con-
sidered as failed. In all cases peri-implant marginal 
bone loss (Mbl) was measured on conventional pe-
riapical, digital periapical or panoramic radiographs. 
at the time of implant placement, loading time, after 
1 year, then annually to 5 years. The measurements 
were carried out using the threads of the implants as 
the internal standard. Measurements were calculated 
on 2 of the panoramic imaging from each patient one 
taken immediately after implant placement, and one 
taken at the last follow-up annually to 5 years. Mbl 
was evaluated by subtracting the bone level at the time 
of implant exposure from that of the most recent fol-
low-up. The number of threads unsupported by bone 
at both the mesial and distal sides of each implant was 
counted, and the higher number was used for bone 
loss calculation. This result was multiplied by the im-
plant pitches (in mm). Manufacturer provided infor-
mation about the pitch of implant system used.

Evaluation of long-term follow-up
all patients included in this study were part of a 

regular recall program. Data were collected at base-

line, at the conclusion of implant placement abutment 
connection; at the time of prostheses delivery until the 
last follow-up and analysed retrospectively. after pros-
theses delivery they were evaluated for the first year 
and annually thereafter. of 162 patients 153 presented 
and followed underwent clinical and radiographic 
examinations. a periapical radiograph was obtained 
any time the patient reported unexpected pain or dis-
comfort or if soft tissue health worsened. The recall 
program included assessment of marginal bone loss, 
pocket depth, the plaque and Gingival indices, im-
plant mobility, and implant survival time. The initial 
postoperative radiograph was compared with the most 
recent one. evaluated parameters were described and 
compared for the different surgical procedures. The 
images were evaluated for peri-implant conditions.

Implant success, survival and failure
Implant success was evaluated as suggested by al-

brektsson et.al [2]. If any one of these criteria was not 
fulfilled, the definition of success was not met and it 
had to be changed to the level of survival and if the 
patient was dismissed, the implant was defined as not 
accounted for, and if the implant was mobile and was 
subsequently removed, it was regarded as a failure. 
Since failure do occur over different periods of time, 
early and late-failures were considered.

Surgical procedure
anatomical considerations
Width and height of the posterior maxillary resid-

ual bone were totally acceptable in all cases for one of 
the specified alternative treatment options to exclude 
sinus augmentation. Corresponding to the classifica-
tion of lekholm and Zarb [20] the quality of jaw bone 
was subjectively graded in 3 groups. Type IV bone 
was the dominant one encountered. advanced bone 
resorption had often resulted in a decreased high of 
the alveolar process, while satisfying amount of bone 
existed in the tuberosities, mesial and distal areas of 
the sinus and the palatal curvature. This situation was 
judged to justify implantation in one of the specified 
areas already mentioned. When planning for implants 
of the five specified treatment options, the implant 
length was estimated from the panoramic radiograph 
or from CT-scan if exists, so that the implant corre-
sponds with the existing bone so that the maxillary 
sinus walls (anterior, posterior, palatal) should not be 
penetrated and when planning for tuber implants we 
should be absolutely certain not to interfere with the 
maxillary artery and its branches running superiorly 
of the pterygoid laminae and medially in the pterygo-
palatine fossa [46]. In the severely resorbed posterior 
maxilla, the amount of bone is limited; consequently, 
the implant position represents a compromise be-
tween the ideal axial position and the bone.

Surgical technique
all surgery was carried out by the same surgeon 

and was performed under local anesthesia (2% lido-
caine with 1:100000 adrenalin). Some of the patients 
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were orally premedicated with 15mg benzodiazepam 
one hour before surgery. full mucoperiosteal buccal 
flaps were raised and the alveolar process and the 
facial bony wall were exposed. all implants in this 
study were surgically placed in healed bone or fresh 
extraction sites following the branemark standard 
protocol [8]. The patients were submitted to a pre-
ventive protocol. This included amoxicillin and cla-
vulanic acid (2g) one hour before surgery and twice 
daily thereafter for the following 7 days. Implants 
were placed in a one or two-stage approach. a flap 
technique is necessary to observe the underlying al-
veolar bone and adjacent anatomical structures and 
to place implants in the correct position. In cases of 
alveolar ridges that were too small to receive 3.75mm 
diameter implants, special surgical procedures were 
performed to increase the available bone width: split 
crest and guided bone regeneration (GbR) techniques 
were the first choices of techniques to augment the 
ridges horizontally.

To enhance the loosely structured trabecular bone 
in the posterior maxilla, undersized or underdimen-
sioned drilling was used. Prior to placement of 3.75, 
4.0 and 5.0mm implants, 2.0 to 3.8mm diameter twist 
drills were used respectively. Great care was taken to 
guarantee that the osteotomy maintained the perfect-
ly concentric shape needed to achieve the required 
initial tight press-fit of the implant. In attempt to im-
prove bone density at the implant site in bone type 
III or IV and to enhance primary stability condens-
ing the bone with osteotomes was accomplished. To 
achieve good primary stability without creating exces-
sive compression in the peri-implant bone implants 
were inserted with a torque of at least 30 to 45 Ncm 
until it was fully inserted. another technique used to 
increase primary stability involves the use of tapered 
implants engaging the opposing cortical bone of the 
sinus floor. The thin cortical bone on the crest pro-
vided improved initial stability of the implant when 
it was compressed against the implant neck. The use 
of implants with a shoulder wider than its body in-
creased the primary stability of the implants in a way 
that the implant shoulder engages the cortical crestal 
bone. The compressed soft bone not only provided 
greater stability, it also initiates a good healing with a 
higher bone Implant Contact (bIC). a brief descrip-
tion of the surgical techniques applied to the different 
treatment modality is presented and described in de-
tails in each specific section of the complete theses to 
avoid repetitions.

Specific surgical considerations
Short implants
The conventional surgical technique described by 

branemark [8] and the osteotome procedure described 
by Summers [40] were used. The implants measured 
8mm in length 3.7, 4.1, 4.2, 4.8, 5mm and 6.0mm in 
width. In cases of crestal bone height that were too 
small to receive 8mm long implants, transcresal sinus 
floor elevation to enlarge the ridge vertically without 
the need of grafting material. This technique was ac-

complished as described by Topalo et.al [44]. Implants 
were placed in the following clinical indications:

a)  Standard-diameter implants restored with sin-
gle crowns in the posterior maxilla.

b)  Two-standard-diameter implants restored 
with a 3 unit fixed prostheses.

c)  Implants with 6.0mm diameter placed at the 
time of extraction and transcrestal sinus floor 
elevation, utilizing previously described tech-
nique and restored with single crowns.

d) one standard-diameter and one wider implant 
(6.0mm) supporting a 3-unit fixed partial den-
ture.

Regenerative therapy was performed around im-
plants placed at the time of tooth extraction in the pos-
terior maxilla. biocortical anchorage of short implants 
was desired to increase initial implants stability.

Tilted implants
a full mucoperiosteal buccal flap was raised and 

the facial bony wall was exposed in the posterior max-
illa. Subsequently, the lateral sinus wall close to the 
anterior sinus border was perofrated. by means of a 
straight probe, the incliniation of the anterior sinus 
wall was noted. The implants were tilted distally or 
mesially approximately 30 to 35 degrees relative to the 
vertical plane and were placed close to and parallel 
to the anterior or posterior sinus wall anchoring the 
implant in the cortical anterior sinus wall, without 
perforating it. Implants were placed in a two-stage ap-
proach.

Palatal positioned implants
a full-thickness flap was made from site of first 

premolar distal to the second molar area, with releas-
ing incisions to the buccal and palatal surfaces. The 
palatal flap was elevated until the superior border of 
the impression (sulcus) of the great palatal bundle was 
reached. The implants were placed from the alveolar 
ridge passed through the palatal cortical plate and 
sulcus formation, which assured that cortical anchor-
age was achieved. In cases where a drilled template 
was prepared in accordance to CT examiniation, the 
template was placed in the mouth and fitted onto the 
mucosa and was immobilized by the remaining teeth 
to prevent undesired movement of the surgical guide 
during implant site preparation. Through the prepared 
drill sleeve, a 2mm drill was initiated to determine the 
implant position at the top of the crest and to create 
the pilot hole to the desired depth. a second 2.8mm 
drill was inserted to enlarge the hole for implant place-
ment. Sinus perforation was checked, if no perforation 
is detected, implants were placed to final position. Im-
plants were placed at second premolar and first molar 
sites. bone quality was classified as type III. This pro-
cedure often left few threads of the inserted implants 
exposed on the palatal side, which were then covered 
with autogenous bone collected from the surgical area. 
all implants were left submerged.

Pterygomaxillary implants
a crestal incision was made, along with a releasing 

incision located distal to the maxillary tuberosity. The 



35

alveolar process was exposed. To maximally utilize 
the bone posterior of the sinus, in some cases the lat-
eral sinus wall was perforated in order to explore the 
posterior wall of the sinus cavity with a probe. In this 
way implant site could be prepared in the tuber re-
gion without perforation in the sinus cavity. In some 
cases one additional implant was placed anteriorly 
of the sinus in the same manner as well. Preparation 
of the implant bed commenced with a pilot drill to 
establish the direction of the implant axis. To over-
come the problem with low bone density, a 2.8mm 
drill for a 3.75mm implant or a 3mm drill with a 
4.2mm implants, mostly combined with bone grafts 
harvested locally were used. firm primary stability 
was achieved for all implants. Preparation continued 
with consecutive use of graded osteotomes in combi-
nation with drills of increasing diameter. The use of 
osteotomes assured the preservation of bone through 
direct manual contact and sense to form the bone site 
by expantion. The drills helped to widen the implant 
site through the very dense cortical bone. for patients 
with significantly soft or insufficient tuberosity, an im-
plant was placed into the pterygoid plate. Specifically, 
preparation of the site is confined to drilling to the ap-
propriate depth with 2 or 2.8mm twist drill while be-
ing sure to engage the supracortical plate if possible. 
antero-posterior drilling angles were adapted to the 
patient’s anatomy, entering 10 to 20 degrees mesially 
to stimulate the correct angulation of a third molar. 
It is important to feel the way from soft cancellous 
bone to hard cortical bone. following Tulasne’s rec-
ommendation, all implants were at least 13mm long 
to ensure anchorage in the pterygomaxillary region 
[45]. Implants were seated with bicortical anchorage 
if possible. The placement of two implants in the tu-
berosity if possible is advantageous to minimize pos-
sible risk of implant failure. Two implants in the tuber 
region were placed in each 8 patients in this study. 
Minimal countersinking was recommended if a thin 
cortical plate existed expecting crestal resorption after 
implant loading. all implants were submerged for a 
healing period of approximately 4 to 6 months. Dur-
ing both drilling and implant placement, care must be 
taken not to interfere with the maxillary artery and its 
branches and to avoid the greater palatine artery.

Implants with cantilevered prostheses
all implants in this group were surgically placed in 

the first or/and second premolars in partially dentate 
patients. In edentulous patients, 4 to 8 implants were 
placed from the second premolar of one side to the 
second premolar of the corresponding side including 
the premaxilla following the conventional surgical 
protocol. Implants supported partial cantilever fixed 
prostheses or complete cantilever fixed prostheses.

Results
Short implants
a total of 122 implants 8mm long were installed 

in 38 patients, 29 (23.7%) of 3.75mm diameter, 48 
(39.4%) of 4.2mm diameter, and 45 (36.9%) of 4.8 and 

5mm. all implants were functionally loaded. 4 short 
implants 3.3% became mobile and were removed fol-
lowing varying years of loading. Two of them were 
single implants restored with single crowns, one be-
long to the two implants group restored with 2 unit 
fixed prostheses, the another one belong to the four 
implant group .one failed implant was placed in type 
III bone and three failed implants in type IV bone. 
No additional failures were observed among the 8mm 
implants after 3 years and thus the survival rate was 
unchanged by 5 years follow up, success rate after 5 
years was 96.7%. No probing depth > 5mm was detect-
ed at any implant sites. fifty-three premolar (43.4%) 
and 69 molar (56.6%) were used for implant instal-
lation. bone morphology according to the criteria of 
lekholm & Zarb [20] was used to attribute implant 
sites as follows: Thirty two Type II (26.2%), 37 Type 
III (30.3%), and 53 Type IV (43.5%). Insertion torque 
values were between 25 to 35 Ncm. Twenty two (18%) 
implants of various diameters were placed at the time 
of transcrestal sinus floor elevation without grafting 
material. The reasons of failure included implant mo-
bility, persistent inflammation and infection, severe 
bone loss, and periapical pathology. Three lost im-
plants in two patients were 4.1-x 8mm in the first mo-
lar sites; these patients had smoking habits (moderate 
smokers), which likely developed peri-implantitis and 
consequent implant loss at the 24-month follow-up. 
With regard to implantation technique 8mm long 
implants showed a success rate comparable to those 
placed with TCSe (96.7% and 96.5% respectively). 
Most implants (n-117, 95.9%) showed bone resorp-
tion ranging from 1.4 to 1.8mm, and only 5 implants 
(4.1%) showed bone loss between 2.0 and 2.5mm at 
the 5-year follow-up examination. fig. 1 shows short 
implants in different locations (fig. 1a,b,c).

Tilted implants

32 patients, with uni-or bilateral edentulous pos-
terior maxilla (17 women and 15 men) were included 

Fig. 1 a,b,c: Short Implants 
in different locations 5 years 
after loading
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in this study group. average age was 61.3 years. a total 
of 56 mesially and distally tilted implants in the sec-
ond premolar and second molar region were placed in 
this group. Two tilted implants failed during the first 
year of loading. During the second year of loading 
another one implant failed too. The cumulative im-
plant success rate was 94.6% up to 5 years follow-up 
of loading. The average of peri implant crestal bone 
loss evaluated 1.8mm for tilted maxillary implants. 
The implants ranged in length from 10 to 16mm and 
in diameter from 3.75 to 5.0mm. No sinus perforation 
was observed. Implants were placed in a tilted con-
figuration, with an angle with the perpendicular line 
ranging from 20 to 35 degrees. Thirty-eight implants 
were close to the anterior wall and 18 were placed 
close to the posterior wall of the sinus. Implants were 
placed with a primary stability of 30-35 Ncm. one 
implant was lost before loading. Healing in all cases 
was uneventful, as expected. No additional implants 
were lost, and there was no infection or inflammation. 
Two implants showed excessive marginal bone loss 
exceeding 2mm without the need of implant removal. 
fig. 2 demonstrates tilted implants after 5 years of 
loading (fig. 2).

Fig. 2: Tilted implants 5 years after loading

Palatal positioned implants
of the 28 implants placed in 15 patients into the 

palatal plate between the medial wall of the sinus 
and the hard palate, one implant was mobile at the 
time of abutment connection. The one implant was 
palataly tilted and placed in the molar region and was 
removed. another one implant was lost one year af-
ter prostheses placement, showing early resorption 
around the implant. The patient reported tension and 
pain in the region at the time of prostheses tightening. 
During the 1 to 5 years follow up, neither significant 
radiographic changes of the bone around the implant 
nor discomfort of masticatory function were regis-
tered. a cumulative success rate of 93% was revealed.

Implants were placed with a primary stability of 
30-35 N/cm. Sufficient primary stability was achieved 
for all implant insertions and the implants were judged 
to be clinically stable. The results of the periotest ex-
amination ranged between -4 to -6. New tomographs 
were obtained to confirm the implant position in the 
palatal wall of the maxilla, before starting the restora-
tion phase (fig. 3a, b, c).

 

 
 

The tomographs examination showed the pres-
ence of dense bone around and above the implants. 
The implants appeared to be well integrated with no 
peri-implant bone loss. The implants were positioned 
at the palatal axial inclination. Three schneiderian 
membranes of the sinuses were slightly detected. all 
sinus membrane perforations were repaired with col-
lagen membrane and fibrin glue through the osteoto-
my sites. In two cases of sinus membrane perforation 
with simultaneous implant insertion a minor penetra-
tion of the implant into the sinus were noted, but no 
mucosal reaction at the implant site was noted. by 
evaluation of patients those with sinus perforation and 
those without sinus perforation significant difference 
was noted. The success rate of the 28 implants placed 
in palatal position after 5 years of follow-up was 93%. 
Peri-implants crestal bone loss averaged 1.6mm.

Pterygomaxillary maxillary implants
a total of 33 implants were placed into the ptery-

gomaxillary-pyramidal region in 25 patients showing 
partial uni-or bilateral edentulous posterior maxilla. 
The group comprised 14 women and 11 men aged be-
tween 35 and 79 years. of the 33 implants placed, one 
was mobile at the time of abutment connection and 
was considered as early failure. of the remaining 32 
one failed in the first year, the second in the third year 
of loading. The 5 year survival rate was 92%. four im-
plants were placed in type II bone, and all integrated. 
Twelve implants integrated in type III bone, and the 
remaining 17 implants were placed in type IV bone 
and 14 of them integrated. of the patients with failed 
implants, two patients were smokers. The failed im-
plants were 13mm long and 3.75 and 4.2mm wide, 
which were the most frequently used implants. Mbl 
averaged 1.9mm. fig. 4 shows intraoral radiograph of 
unilaterally edentulous patient with pterygomaxillary 
implant after 5 years (fig. 4).

Fig. 3 a,b,c: Preoperative and 
postoperative cross-sectional 
CT scans showing the implant 
position in the palatal wall of 
the maxilla and the presence of 
dense bone around and above 
the implants.
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Fig. 4: Intraoral radiograph of unilaterally edentulous patient with 
pterygomaxillary implant after 5 years of loading

Implants with cantilevered prostheses
fifty two patients 28 woman and 24 men, with 

partially or totally edentulous posterior maxillae, were 
treated with 104 implants placed in existing bone be-
tween the second premolars of both sides to support 
fixed prostheses with long cantilevers. Three implants 
positioned in the second premolar region failed after 
one year of loading, additional 2 implants were re-
moved due to bone loss in the 3 to 4 years of load-
ing. The cantilevered implant survival rate was 95.2%. 
Mbl averaged 2.0mm. fig. 5 demonstrates totally and 
partially edentulous maxilla with implant supported 
cantilever prostheses (fig. 5).

Discussion
Implant treatment of the posterior maxilla is a 

demanding procedure. Several recent investigations 
of long-term outcomes of implants in the posterior 
maxilla have been published [5,12]. Poor bone quality 
and severe resorption are the most significant factors 
associated with implant failure in most studies [5,17].

In the severely resorbed posterior maxilla, implant 
placement requires sinus grafting to increase the vol-
ume of bone necessary for implant placement, a 
well-documented procedure in the literature [12, 30]. 
Implant survival in grafted posterior maxilla has un-
dergone steady improvement over the past 25 years. 
The current findings of overall 99.3% of 3-years post 

loading survival rate of implants placed in augmented 
sinuses is a evidence of the trend of improvement [12, 
30].

The drawbacks of sinus grafting are increases in 
treatment duration and costs, the choice of a donor 
site, possible surgical complications at the donor and 
host sites, and patient acceptance. To overcome these 
negative aspects, some have suggested using the exist-
ing anatomic features to place the implants, such as 
short implants, the anterior or posterior wall of the 
sinus, the palatal curvature, the pterygoid process [19, 
9] and implants with cantilevered prostheses [35].

This alternative methods offers several surgical 
advantages compared to sinus augmentation proce-
dures: less need for vertical bone grafting, less time 
for treatment, lower cost of treatment, less discom-
fort, easier surgery, and fewer surgical risks (e.g. sinus 
perforation, sinusitis, grafting material displacement). 
all of these factors make those implants a highly at-
tractive restorative option. It has been suggested that 
such modified implant placement may resolve most 
cases without grafts, or at any rate involve a smaller 
grafting procedure. There is no consensus regarding 
the length defining a “short” implant. a recent redefi-
nition of a short implant is one that has a designed 
intrabony length (i.e. length of implant required to 
achieve and maintain osseointegration) of ≤ 8mm 
[32]. We used this definition in our study. When short 
implants are used, ridge height is not a limitation for 
implant-supported prostheses. The most important 
limitation is ridge width, because a wide alveolar 
ridge is essential to retain implants with diameters of 
≥ 4 additionally to 1mm cortical bone buccally and 
lingually. Ridge width of 6 to 8mm is required. as a 
consequence of reduced ridge height is an unfavor-
able crown/implant (C/I) ratio, which can be consid-
ered one of the prosthetic factors that may increase 
the risk of biomechanical complications, because un-
favorable occlusal forces, such as overloading or no-
naxial loading. Short implants offer clear advantage 
over the different surgical techniques used to afford 
sufficient bone for placing longer implants. The sur-
gery is very simple, because of the scant depth of im-
plantation and the easy and direct irrigation access, 
the risk of bone overheating is lower [23]. However, a 
literature review by Misch [23] showed that implants 
of less than 10mm in length tended to yield higher 
failure rates than longer implants. Several factors were 
suggested as possible explanations for these results; 
lower bone density in the posterior maxilla, the pres-
ence of greater chewing forces and an excessively high 
(C/I) ratio. In order to optimize the function of short 
implants, Misch [23] proposes some procedural con-
cepts to reduce excessive mechanical loading on the 
bone, and to distribute the forces over the prosthetic 
area. These may be achieved by reducing the lateral 
forces of the posterior implant-supported prostheses, 
or by placing a larger number of implants, with in-
creased diameter, and with a greater surface area, and 
splinting the implants. We agree with these concepts. 

Fig. 5 a,b: Totally and 
partially edentulous maxilla 
with implant supported 
cantilever prostheses 5 years 
after loading
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Garces et.al [39] concluded that implants ≤ 10mm 
may be useful option in patients with severe alveolar 
bone resorption. The survival of short implant may be 
influenced by a number of factors, including location 
and bone quality, as well as design, type, and diameter 
of the implants. atieh et.al [4] demonstrated success 
rates for short implants that were comparable to those 
of longer implants, irrespective of design, surface, and 
width. Most recently, Telleman et.al [42] evaluated 
a similar data of 29 studies involving 2611 implants 
up to 9.5mm in length. The authors concluded that 
there was a significant negative association between 
implant length and failure rate within the range of 
5 to 8.5mm. The more recent employment of short 
implants with wider diameters may contribute to the 
high success rates. for every 1mm increase in diam-
eter, implant may increase the functional surface area 
by 30% to 200% along with the area that is available 
for osseointegration [22]. Recently, fugazzotto [15] 
also demonstrated that implant length had no effect 
on the magnitude of stress placed on the supporting 
alveolar bone crest around an implant, a short dental 
implant should be used if it would be more advanta-
geous. a systematic review concluded that placement 
of short, rough-surfaced implants (< 8mm) was not 
less efficacious than implants of at least 10mm long 
[18]. It is noteworthy to observe that 75% of the failed 
implants failed before loading. This suggests that the 
impact of loading and the biomechanical inferiority 
of the shorted bone-implant interface may not be the 
major factors in the failure of short implants.

The reliability of short implants according to the 
literature is controversial with a number of studies 
concluding that shorter implants showed more fail-
ure. Tawil [41] however found no significant differ-
ence between survival rates of short (6 to 8.5mm long) 
versus 10mm long branemark system implants. a 
further factor that could potentially affect the survival 
of short implants is the use of splinting. In this study 
all implants placed in adjacent sites were splinted, ir-
respective of implant length. The cumulative survival 
rates for short implants obtained in our study (96.7%) 
including the subgroup with TCSe is acceptable and 
similar to rates reported by others ranging between 88 
and 100% [11, 32]. The use of posterior tilting of the 
implants represents various biomechanical advantages 
as compared with fairly upright positioned implants. 
The distalisation of the implant platform reduces the 
moments of force and improves the load distribution 
[21]. It should also be considered that the minimum 
angulation required to define an implant as tilted has 
not yet been established. In the present study an in-
clination degree for 30º to 45º of the distal implants 
was adopted with the use of an appropriate surgical 
template, however, the placement of tilted implants 
became easier in the recent years. only in the study 
by Calandriello and Tomatis [9] a higher inclination 
was reported (45º to 75º). In most cases with severe 
atrophy, the angulation was individually defined ac-
cording to available bone [9]. Regarding peri-implant 

bone loss, no significant difference between upright 
and tilted implants was reported, except for the study 
of Calandriello and Tomatis [9]. In that study lower 
bone loss values for tilted implants were observed as 
compared with upright ones, which could be related 
to the position of the implants neck relative to bone 
crest: mesially, the neck was in a supracrestal position, 
while the distally was positioned subcrestally, result-
ing in a favorable soft tissue seal [9]. Thus, an implant 
that is placed close to the anterior and posterior sinus 
wall can be expected to provide the acceptable support 
for prostheses [19]. In the present study, tilting of the 
implants did not affect the marginal bone resorption 
pattern and the survival rate was 94.6%. This is in ac-
cordance with data obtained by other authors. Capelli 
et.al [10] placed upright and tilted implants and con-
cluded that tilted implants achieved the same outcome 
as upright implants. Testori et.al [43] found similar cu-
mulative survival rates for tilted and axial implants at 
up to 3 years. Krekmanov [19] placed 42 implants in 13 
patients; 8 were placed parallel with the anterior sinus 
wall and none failed. Rosen and Gynther [38] placed 
103 implants tilted along the anterior maxillary sinus 
wall, with a success rate of 97%. However, the hypoth-
esis, that there was more marginal bone loss around 
tilted implants was not supported by Monje et.al [25], 
perhaps for the following reasons: 1) the length of the 
implants used was long and 2) splinting effect.

The advantages of placing implants in the ptery-
gomaxillary region are: a) the ability to provide bone 
anchorage in the posterior maxilla without sinus 
augmentation, b) eliminate the lengthy cantilevers 
that may be necessary when only anterior implants 
are used for full-arch restorations [29]. according to 
Tulasne 80% of atrophic maxillae retain a bone cor-
ridor that is sufficient to enable placing of an implant 
13 to 20mm [45]. This bony pillar consists of a) The 
maxillary tuberosity, 2) the pyramidal process of the 
palatine bone, and 3) the pterygoid process. Yamakura 
et.al [48] observed in his anatomical study that the 
angle of the tuberosity-pyramid-pterygoid pillar in the 
edentulous maxilla is 67 degree in an anteroposterior 
direction relative to the frankfort plane. The bony cor-
ridor inclination differs from the pterygoid implant 
(45 degrees) described by several authors [7]. one of 
the drawbacks of the pterygomaxillary implants is the 
presence of nonaxial forces, which might compromise 
the implant survival. a 45 degree angle in an implant 
reduces its axial load capacity by half when compar-
ing the same implant at 90 degrees. by placing two im-
plants in the premolar region and a pterygoid implant 
in the posterior region, a plane in a tripod shape is 
created that protects the entire framework from trans-
verse force and load, making it possible to restore the 
posterior maxilla. The present study combined the use 
of drills and osteotomes to prepare implant beds. The 
use of blunt tools instead of sharp drills minimizes the 
danger of injury to arteries and nerves. The use of os-
teotomes requires no bone removal and it allows cor-
tical bone compaction and lateroapical consolidation 
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of bone trabecuale. at least 13mm length were placed 
in the pterygoid region in this study which helps the 
clinicians achieve good primary stability. The suc-
cess rate for pterygoid implants is one of the highest 
in the maxilla. Tulasne observed 97% success, Rodri-
guez 98%, balshi et.al 88%, Valeron et.al 93% [45-47, 
34]. Ridell et.al [33] reported of 22 pterygoid implants 
with follow-up of 1 to 12 years, and presented a 100% 
success rate. Most failures in the pterygomaxillary re-
gion occurred before implant loading [7].according to 
those studies, it can be stated that pterygoid implants 
present good long-term survival. Some complications 
associated to the surgical procedure have been report-
ed: venos bleeding, altering of the maxillary artery and 
its pranches, trismus, misplacement of implant and 
continuous pain and discomfort [6]. Several authors 
note the low morbidity associated with the perygoid 
implants [7, 45, 29]. In agreement with balshi et.al [6], 
no extraordinary complications were observed in the 
present study. However, all implants achieved a firm 
primary stability, which is probably a more important 
factor than bone density itself. on the other hand, the 
implant had practically no cortical anchorage and most 
of them had a position where bite forces measures the 
highest values. Therefore, the use of pterygoid implants 
can be a prudent option in compromised patients. This 
technique requires detailed knowledge of the ptery-
gomaxillary region and surgical skill to achieve good 
results. Rodriguez et.al [34] reported that mesiodistal 
inclination of the pterygoid implants at 70 degrees to 
the frankfort plane decreases the non-axial loads and 
exhibits good long-term survival.

The present study demonstrate 33 implants in-
serted in the pterygomaxillary region with the sur-
vival rate of 92% similar to the overall survival rate 
reported in other studies in grafted maxillae.

In this study an alternative method, in which the 
maximum amount of the severely resorbed alveolar 
crestal bone was used by palatal positioning of im-
plants, tangential to the palatal concavity in the max-
illa, leading to optimal stability achieved by placing 
the implants along the cortical plate, to provide ac-
ceptable support for fixed prostheses.

Implant site preparation and implant placement 
for palatal positioned implants are similar to tilted im-
plants, and pterygomaxillary implants. Care must tak-
en under the entire drilling and implant placemat to 
prevent sliding of the drill or implant from the bone. 
Desirable palatal tilting of implants in the premolar 
and molar regions may provide better load distribu-
tion on the implants. branemark et al [8] to achieve 
primary implant stability overcame the bone deficien-
cy by palatal positioning of implants leaving some un-
covered threads on the palatal side. In the preset study, 
uncovered threads were augmented and the bone buc-
cal to the implant remain intact with more attached 
gingiva. fortin el al [13] observed encouraging results 
of the use of an image -guided system (IGS) for blind 
surgery to reduce the invasiveness of surgical procedure 
to place implants in a very limited amount of bone with 

high accuracy. fortin concluded in his proof-of-con-
cept study that the use of an IGS associated with bone 
spreading for oral implant placement in the atrophic 
posterior maxilla, particularly in the palatal curvature 
can be expected to provide acceptable support for fixed 
prostheses in areas of maximal occlusal loading.

The treatment modality of implants with canti-
levered prostheses related to partially or completely 
edentulous patients. With prosthetic survival of 95% 
for the use of distal cantilevers, this treatment ap-
proach appears to be predictable and compared fa-
vorably with distal cantilevers retained by natural an-
terior teeth [35]. With the advent of the branemark 
approach utilizing complete-arch implant supported 
cantilever prostheses, the distal cantilever has gained 
acceptance in implant dentistry [8]. There are inher-
ent biomechanical differences in the implant treatment 
of completely edentulous arches and posterior partially 
edentulous segments, as the partial prostheses does not 
benefit from cross arch stabilization and, therefore, is 
more susceptible to bending loads. Some authors [49, 
1] attempted to summarize the causes of failures/com-
plications of implants associated with distal cantilevers. 
Pjetursson et al [31] concluded that solely implant-
supported fixed dental prostheses (fDP) should be the 
first treatment option regarding survival and complica-
tion rates of different designs of fDP. on the contrary, 
different conclusions can be drawn from this treatment 
modality: the Mbl around the implants supporting a 
cantilevered fixed prostheses met the success criteria of 
albrektsson et al [2] so that this treatment approach 
should not considered as critical in increasing peri-im-
plant bone resorption: Romeo et al [36] measured the 
amount of marginal bone loss at free-standing fDP’s 
over a 5 year period of functional loading. The Mbl 
was small and well below the criteria of a proper im-
plant system. It was found that cantilever fDP’s had a 
tendency to show a greater mean peri-implant bone 
loss and a higher frequency of implants with > 1 mm 
of bone loss than fDP’s without cantilevers. In fact 
factors such as implant location, abutment length, im-
plant length and type of prosthetic material influence 
the amount of Mbl. The results of the present study 
revealed that ICfDP’s are treatment variations with 
high predictability and favorable long-term outcomes 
for the partially edentulous patient, indicating that can-
tilever supported by implants may yield lower compli-
cation rates than cantilevers supported by teeth. as a 
consequence, it has to be advocated to avoid the use of 
diameter-reduced implants in the proximity of cantile-
ver extensions in ICfDP’s. The overall prostheses sur-
vival rate in the present study (95.2%) was comparable 
with the results of a previous systematic review on im-
plant-supported fDP’s [31], in which a meta-analysis 
including 14 studies yielded an overall estimated sur-
vival rate of 95%. The main overall marginal bone-level 
change of 2.0mm after 5 years at the implant-supported 
fPDP’s reported by this study was small and well below 
the degree of bone loss acceptable according to the suc-
cess criteria described by albrektsson et al [2].
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an ICfDP’s with a short cantilever extensions 
(one tooth unit) is an acceptable restorative therapy, 
and might be considered as an alternative to proce-
dures that require sinus grafting surgery.

Conclusion
Despite the trend toward sinus grafting commonly 

used in patients with severely resorbed posterior max-
illa , more attention should be given to the possibili-
ties of implant placement using the anatomic features 
of the arches without the use of bone grafting proce-
dures and this enhanced the possibility for simpler 
rehabilitation. placing implants in pre-existing bone 
enables avoidance of more complex surgical proce-
dures such as maxillary sinus floor augmentation. 
The treatment modalities adopted in the present study 
aimed at combining an optimized use of available 
bone engaging as much cortical bone as possible with 
the benefit of placing the implant in a denser cortical 
bone. These methods led to simpler, more comfort-
able, lower risks of morbidity, more predictable, less 
expensive, and less time-consuming treatment com-
pared to more invasive maxillary sinus augmentation. 
It should also increase patient acceptance avoiding a 
second surgical area. a success rate of 96.7 % for short 
implants, 93% for palatal positioned implants, 92% for 
pterygomaxillary implants, 94.6 % for tilted implants 
and 95.2% for implants with cantilevered prostheses 
at 5 years follow up obtained in this study is a reason-
able expectation for implants placed in the posterior 
maxilla and comparable to a success rate of 95.7 % for 
1-step sinus augmentation, 95.6% for 2-wtep sinus 
augmentation conducted in a separate article [25]. 
The data from this study indicate that success rates of 
implants exclusively anchored in preexisting bone or 
partly anchored in augmented sinuses were similar af-
ter an observation time of 5 years. Hence the implant 
anchorage provided by the bone was capable of stand-
ing with prosthetic loading, regardless of the clinical 
procedure chosen for augmentation and regardless of 
where it was derived, from nonaugmented, or partly 
augmented bone. Within the limitations of this study, 
encouraging results in favor of the use of preexisting 
bone for implant placement in the atrophic posterior 
maxilla were obtained. More studies are required to 
determine whether the success rate can be improved.
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