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Minimally Invasive Management of Implant-Supported 
Rehabilitation in the Posterior Maxilla, Part II.  
Surgical Techniques and Decision Tree

Insufficient crestal bone is a common feature encountered in the edentulous 
posterior maxilla due to atrophy of the alveolar ridge and maxillary sinus 
pneumatization. Numerous surgical techniques, grafting materials, and timing 
protocols have been proposed for implant-supported rehabilitation of posterior 
maxillae with limited bone height. In the majority of potential implant sites, residual 
bone height is less than 8 mm and the clinician has to select either a lateral or 
transcrestal sinus-elevation technique or placing short implants as the correct 
surgical option. Nevertheless, guidelines for selecting the best option remains 
mostly based on the personal experience and skills of the surgeon. The role of 
sinus anatomy in healing and graft remodeling after sinus floor augmentation 
is crucial. In addition to the evaluation of residual bone height, the clinician 
should consider that histologic and clinical outcomes are also influenced by the 
buccal-palatal bone wall distance. Therefore, three main clinical scenarios may be 
identified and treated with either a lateral or transcrestal sinus-elevation technique 
or short implants. This article introduces a new decision tree for a minimally 
invasive approach based on current evidence to help the clinician safely and 
predictably manage implant-supported treatment of the atrophic posterior maxilla. 
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The posterior maxilla is a challeng-
ing area for implant-supported reha-
bilitation, and important preliminary 
considerations are necessary to se-
lect the most appropriate treatment 
options. The analysis of intermaxil-
lary relationships should determine 
if atrophy is related mainly to sinus 
pneumatization or to ridge resorp-
tion and, consequently, if vertical 
ridge augmentation procedures are 
required (alone or in combination 
with sinus lift) to obtain an accept-
able prosthetic rehabilitation.1 Eden-
tulous ridge morphology has also 
to be evaluated in terms of horizon-
tal width: Buccal and palatal bone 
around the planned implant should 
have a minimum thickness of 1 to 
1.5 mm to ensure marginal bone 
stability and long-term success.2 

Once these preliminary assess-
ments have been made, the residual 
crest has to be evaluated in terms 
of height and bone quality. If the 
sinus floor is located > 8 mm from 
the alveolar crest, a standard-length 
implant may be placed routinely in 
the residual bone without additional 
augmentation procedures.3 

However, in the majority of po-
tential implant sites, residual bone 
height is less than 8 mm,4 and the 
clinician has to select the best treat-
ment approach among various 
surgical options (short implants or 
transcrestal or lateral sinus-elevation 
techniques). 
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In this article, after a brief narra-
tive review of the current evidence 
on sinus augmentation techniques 
and short implants, the authors in-
troduce a novel decision tree for ra-
tional planning of minimally invasive 
implant-supported rehabilitations in 
the atrophic posterior maxilla. 

Surgical Techniques

Sinus Floor Elevation with 
Lateral Approach

Sinus floor elevation with lateral ac-
cess has been widely studied and 
consistently described as a safe and 
highly predictable treatment.5 This 
surgical procedure involves eleva-
tion of the sinus membrane through 
a window outlined on the lateral 
sinus wall to create sufficient verti-
cal space for bone augmentation in 
preparation for implant placement. 
Window dimensions were reported 

to significantly influence both matu-
ration and consolidation of the graft. 
Specifically, bone healing could be 
hindered when a large window is 
opened, due to a decrease in neo-
angiogenesis and cellular supply.6 
The reduced size of the window was 
demonstrated to affect neither the 
safety of the procedure nor the sur-
gical time but did seem to reduce 
postoperative discomfort.7 

Sinus membrane perforation 
is the most common intraopera-
tive complication when perform-
ing sinus augmentation and was 
identified as a significant risk factor 
leading to potential postoperative 
complications and graft failure.8 
Membrane perforation is strongly 
influenced not only by various ana-
tomical factors (risk increases in 
presence of a narrow sinus cavity 
as well as maxillary sinus septa and 
membrane thickness < 1 mm)8 but 
also by surgical technique. Use of 
piezoelectric devices significantly 
reduces the risk of perforation when 
compared to rotary instruments.9 
Reducing the cortical thickness be-
fore window outlining seems to be 
the safest procedure in order to pre-
serve membrane integrity10,11 (Fig 1). 

After lateral window opening, 
adequate detachment of the sinus 
membrane, with consequent expo-
sure of sinus floor and buccal and 
palatal bony walls, is crucial for fast 
and predictable graft vascularization 
and colonization by mesenchymal 
osteoprogenitor cells, the main bio-
logic bases for new bone formation. 
Membrane elevation from the pala-
tal sinus wall is particularly impor-
tant for two main reasons. First, the 
posterior lateral nasal artery located 

on the medial sinus wall can contrib-
ute as an additional source of blood 
supply to the graft.12 Second, careful 
and complete detachment reduces 
membrane tension and therefore 
risk of perforation. 

The role of sinus anatomy in 
conditioning, healing, and graft re-
modeling after lateral sinus floor 
augmentation is crucial. A recent 
study evaluated the influence of 
buccal-palatal bone wall distance 
on sinus augmentation histologic 
outcomes and showed that the 
percentage of vital bone forma-
tion is inversely proportional to this 
distance.13 The narrower the sinus 
cavity, the shorter the maturation 
time required to achieve a suitable 
amount of new bone. 

Sinus Floor Elevation with 
Transcrestal Approach

Sinus floor elevation with transcrest-
al approach (tSFE) was introduced by 
Summers14 and consisted of a mini-
mally invasive grafting procedure 
using osteotomes to break through 
and compact the residual alveo-
lar ridge in order to reduce patient 
morbidity and preserve integrity of 
sinus bone walls, the most impor-
tant source of blood and osteo-
genic cells. Many techniques have 
since been developed. Depending 
on the surgical protocol, sinus floor 
opening may be performed using 
osteotomes,15 specially designed 
burs,16 or ultrasonic devices17 (Fig 
2). Sinus membrane elevation may 
be performed either by gradual in-
sertion of well-hydrated biomaterial 
or by using hydrodynamic pressure 

Fig 1 Reduction of cortical thickness 
before window outlining represents the 
safest procedure in order to minimize the 
risk of membrane perforation during sinus 
floor elevation with a lateral approach. 
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(Fig 3). There is no scientific evi-
dence demonstrating the superior-
ity of any one of these techniques, 
and comparative clinical trials are 
therefore needed. 

While tSFE with Summers’s 
technique can safely elevate the 
membrane a few millimeters, recent 
technical improvements allow more 
significant augmentations and can 
be used even in the presence of 
minimal vertical amounts of native 
bone.18 

However, the “blindness” of the 
tSFE is considered to be its main 
drawback, due to the difficulty in de-
tecting small perforations and, most 
importantly, in controlling and guid-
ing sinus membrane elevation. In 
fact, both progressive increments of 
biomaterial and hydrodynamic pres-
sure detach the sinus membrane 
from the sinus floor and walls follow-
ing the path of least resistance. The 
consequence is that an adequate 
membrane elevation (exposing both 
lateral and medial sinus walls) is a 
predictable outcome only for sinus 
cavities with a limited bucco-palatal 
width 19,20 (Fig 4). On the other hand, 
dome-shaped elevations without 
exposure of lateral and medial walls 
are a common occurrence in wide 
sinuses, creating an environment 
with a relatively low regenerative 
potential (Fig 5). New bone forma-
tion after tSFE was recently dem-
onstrated to have a strong negative 
correlation with sinus width. In large 
cavities (> 15 mm), the amount of 
newly formed bone was reported to 
be only 3% after 6 months of heal-
ing.20 This trial is in accordance with 
a previous radiologic study showing 
that long-term intrasinus bone cov-

erage of implants after tSFE, which 
represents an indirect confirmation 
of satisfactory biologic outcomes 
and stable clinical results, is more 
predictable in narrow than in wide 
sinuses.21 

Despite this lack of predictabil-
ity in terms of new bone formation, 
implants inserted in combination 
with tSFE achieve a survival rate up 
to 96.0%.22 However, in the great 
majority of the studies included in 
that systematic review, implants 
were placed in alveolar crests with 
native bone height > 5 mm, in which 
the support of newly formed tissue 
was not crucial for implant survival. 

Short Implants Below the 
Maxillary Sinus

Himmlová et al described the pat-
tern of distribution of occlusal forces 
along the bone-implant interface, 
demonstrating that maximum stress 
concentration occurs in the crestal 
portion of the implant (the top 5 to 
6 mm).23 This finding represents the 
main rationale for using dental im-
plants of reduced length. 

The definition of short implants 
has varied considerably over the 
years. Currently, the most accepted 
parameter is to consider short im-
plants as those ≤ 8 mm in length 
and ultrashort as those < 6 mm in 

Fig 2 (above) In the transcrestal approach, 
sinus floor opening may be performed 
using osteotomes, specially designed 
burs, or ultrasonic devices, respecting the 
integrity of the sinus membrane. 

Fig 3 (top right) Sinus membrane elevation 
may be directly performed by inserting 
progressive increments of well-hydrated 
biomaterial. 

Fig 4 (right) In the transcrestal approach, 
adequate membrane elevation (exposing 
both lateral and medial sinus walls) with the 
biomaterial in close contact with sinus walls 
is a predictable outcome only in narrow 
sinus cavities. 
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length.24 Studies conducted in the 
early 2000s, shortly after the intro-
duction of short implants, dem-
onstrated lower survival rates 
compared to standard-length im-
plants.25 Nowadays, however, due 
to constant technologic improve-
ments in macro- and microdesign of 
the implants, short implants are as-
sociated with predictable long-term 
clinical outcomes.26 

Short and ultrashort implants 
(normally between 5 and 8 mm) 
represent a minimally invasive treat-
ment option for the edentulous 
posterior maxilla. Recent random-
ized clinical trials support the use 
of short and ultrashort implants as 
a fast and predictable treatment al-
ternative,27,28 both for splinted and 
single-unit implant-supported res-
torations. Short implants inserted in 

the posterior maxilla, in comparison 
to longer implants inserted in aug-
mented sinuses, demonstrated a 
similar medium-term survival rate, 
with a lower incidence of complica-
tions and a tendency towards better 
peri-implant marginal bone stability. 
Additionally, placement of a short 
implant entails significantly lower 
morbidity and reduced treatment 
time and cost in comparison with 
longer implants inserted in regener-
ated bone. 

Implant primary stability may 
be improved by obtaining bicorti-
cal anchorage of the implant with a 
slight penetration of the sinus floor. 
From a biologic point of view, one 
study conducted on animal models 
showed that, when tips of implants 
penetrated 1 to 2 mm into the si-
nus cavity in the presence of sinus 
membrane perforation, complete 
healing with full coverage of newly 
formed membrane and partial new 
bone formation was obtained29 (Fig 
6). Moreover, a long-term clinical 
study ranging over a period of up 
to 20 years indicated that no sinus 
complications were observed fol-
lowing implant tip penetration into 
the maxillary sinus.30 Ng et al, in a 
very recent retrospective study with 
up to 5 years of follow-up, dem-
onstrated a 100% survival rate for 
6-mm implants inserted with bi-
cortical engagement on the sinus 
floor; conversely, the same implants 
placed with monocortical anchor-
age reached only 52% survival rate 
at the same time point.31 

Particular attention should be 
paid to marginal bone preservation 
around short implants. This issue, 
crucial for all implants in preventing 

Fig 6 When an implant tip penetrates 1 
to 2 mm into the sinus cavity, even in the 
presence of sinus membrane perforation, 
complete healing with full coverage of 
newly formed membrane as well as partial 
new bone formation can be obtained.

Fig 5 Dome-shaped elevations, with 
inadequate membrane elevation and 
without contact between the biomaterial 
and the sinus walls, are a common 
occurrence in wide sinuses, creating 
an environment with a relatively low 
regenerative potential. 

19.73 mm

10.09 mm
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peri-implant pathologies, is even 
more important when dealing with 
implants of reduced length, in which 
1 or 2 mm of bone resorption also 
represents a significant decrease in 
total bony support. Implant charac-
teristics (platform-switched internal 
connection or tissue-level implants)32 
and prosthetic features (screwed 
prosthesis, abutment longer than 2 
mm, adequate occlusion)33 should 
be carefully evaluated and selected 
by the clinician in order to minimize 
marginal bone resorption. 

Decision Tree

If, after evaluating intermaxillary re-
lationships, the clinician decides that 
vertical ridge augmentation proce-

dures are not necessary to obtain an 
acceptable implant-supported re-
habilitation in the posterior maxilla, 
three main clinical scenarios may be 
outlined (Fig 7). 

The first scenario occurs in the 
presence of a residual ridge height 
ranging between 5 and 8 mm. In this 
case, short and ultrashort implants 
(normally between 5 and 8 mm) may 
represent the treatment of choice. 
This approach is minimally invasive, 
morbidity is very limited, and dura-
tion and cost of treatment are the 
lowest possible when considering 
implant-supported rehabilitations. 
An exception could be represented 
by patients with severe parafunc-
tional habits and poor bone quality, 
with available bone height < 7 mm; 
in these selected cases, grafting 

procedures could be advantageous 
in order to place a longer implant.34 

The second scenario occurs 
in the presence of a residual ridge 
height ranging between 3 and 
5 mm. In this case, lateral sinus aug-
mentation procedures are necessary 
to regenerate a suitable amount of 
bone for standard-length implant 
placement. However, more recently, 
implants inserted in combination 
with transcrestal techniques have 
obtained high survival rates, even in 
the presence of a < 5-mm residual 
bone height,18–20 though this surgi-
cal approach seems to be more ap-
propriate and predictable in narrow 
rather than in wide sinuses.21 In fact, 
recent histologic and histomorpho-
metric analyses confirmed that the 
tSFE is predictable in terms of new 

Fig 7 A decision tree for minimally invasive management of the atrophic posterior maxilla.

Between 5 and 8 mm

Short implants

Between 3 and 5 mm 
Primary stability

Bucco-palatal sinus width
(Measured at a height of 10 mm, 

comprising the alveolar crest)

Bucco-palatal sinus width
(Measured at a height of 10 mm, 

comprising the alveolar crest)

Crestal bone height

Narrow sinus  
(< 12 mm)

Narrow sinus  
(< 12 mm)

One-stage 
transcrestal  
sinus floor 
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Two-stage 
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sinus floor 
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Wide sinus  
(> 12 mm)
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(> 12 mm)

One-stage  
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sinus floor 
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Two-stage  
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Less than 3 mm  
No primary stability
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bone formation only in narrow si-
nus cavities, irrespective of residual 
crestal height.19,20 For this reason, 
evaluation of the sinus bucco-palatal 
width is fundamental when select-
ing the best regenerative option for 
a patient, coupling minimal invasive-
ness and predictability of clinical 
outcomes. Sinus width has to be 
measured using cone beam com-
puted tomography cross-sections 
corresponding to the exact position 
where the implant is to be placed. 
The distance between the buccal 
and palatal walls is measured at a 
height of 10 mm, including the resid-
ual crest (Fig 8).13,20,21 A 12-mm width 
between buccal and palatal walls 
represents the threshold separat-

ing narrow (< 12 mm) and wide (> 12 
mm) sinuses.19,21 Stacchi et al dem-
onstrated that, when sinus width 
was divided into three groups (< 
12 mm, 12 to 15 mm, and > 15 mm; 
corresponding to narrow, medium, 
and wide anatomical patterns), the 
new bone formations 6 months af-
ter tSFE were significantly different 
(36%, 13%, and 3%, respectively).20 
Therefore, during presurgical plan-
ning, bucco-palatal sinus width 
should be considered one of the 
critical parameters when selecting 
between transcrestal and lateral ap-
proaches in sinus floor elevation. 

To summarize: In ridges be-
tween 3 to 5 mm in height, lat-
eral sinus elevation seems more 

appropriate in the presence of a 
wide sinus whilst tSFE may be pre-
ferred in narrow sinuses—with simul-
taneous implant placement in both 
cases—provided that good primary 
implant stability can be achieved. 
The one-stage surgical approach, 
when applicable, is advantageous in 
terms of time and cost for both the 
patient and the operator. 

In the third scenario (less than 
3 mm of residual crestal height), 
implant primary stability is unpre-
dictable, being related to different 
variables such as implant design, 
bone quality, and operator skills. 
In addition, it seems that implants 
placed 6 months after lateral sinus 
elevation present a higher survival 
rate and greater bone-to-implant 
contact compared to implants in-
serted simultaneously with augmen-
tation procedures.35 

Therefore, in this third clinical 
scenario, sinus floor elevation with 
delayed implant placement is the 
preferred option. The lateral ap-
proach could be selected as the 
therapy of choice both in the pres-
ence of wide and narrow sinuses. 
Nevertheless, in agreement with 
some studies,19,20 a staged tSFE 
approach could also be proposed 
in the presence of narrow sinuses, 
even with minimal crestal bone 
height, in order to minimize invasive-
ness and morbidity. However, fur-
ther clinical trials are recommended 
to corroborate the evidence for this 
therapeutic option. Both in lateral 
and transcrestal staged approach-
es, the use of a biomaterial allowing 
efficient space-maintaining man-
agement is mandatory to achieve 
predictable regenerative results. 

Fig 8 The sinus width has to be measured using cone beam computed tomography 
cross-sections corresponding to the exact position where the implant is to be placed. The 
distance between the buccal and palatal walls is measured at a height of 10 mm, including 
the residual crest. 
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Conclusions

Many advances have been made in 
implant-supported treatment of the 
atrophic posterior maxilla. In par-
ticular, the use of short implants and 
tSFE techniques have been widely 
investigated and developed. Nev-
ertheless, guidelines for selecting 
the most convenient approach are 
not up to date with current evidence 
and, in clinical reality, remain mostly 
based on the personal experience 
and skills of the surgeon. This de-
cision tree proposes a minimally 
invasive approach, based on cur-
rent evidence, to help the clinician 
safely and predictably manage the 
implant-supported rehabilitation of 
the atrophic posterior maxilla. 
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