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ABSTRACT
Objectives: The objective of the present study is to present the current best evidence for enhancement of the vertical alveolar
bone height and oral rehabilitation of the atrophic posterior maxilla with dental implants and propose some evidence-based
treatment guidelines.
Material and Methods: A comprehensive review of the English literature including MEDLINE (PubMed), Embase and
Cochrane Library search was conducted assessing the final implant treatment outcome after oral rehabilitation of the
atrophic posterior maxilla with dental implants. No year of publication restriction was applied. The clinical, radiological and
histomorphometric outcome as well as complications are presented after maxillary sinus floor augmentation applying the
lateral window technique with a graft material, maxillary sinus membrane elevation without a graft material and osteotomemediated sinus floor elevation with or without the use of a graft material.
Results: High implant survival rate and new bone formation was reported with the three treatment modalities. Perforation of
the Schneiderian membrane was the most common complication, but the final implant treatment outcome was not influenced
by a Schneiderian membrane perforation.
Conclusions: The different surgical techniques for enhancement of the vertical alveolar bone height in the posterior part of the
maxilla revealed high implant survival with a low incidence of complications. However, the indication for the various surgical
techniques is not strictly equivalent and the treatment choice should be based on a careful evaluation of the individual case.
Moreover, further high evidence-based and well reported long-term studies are needed before one treatment modality might
be considered superior to another.
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INTRODUCTION
Periodontal disease and dental caries are the main
causes of tooth loss and the incidence of edentulous
patients varies worldwide between 7% and 69% [1].
Complete or partial tooth loss is often associated
with nutritional deficiencies, oral pain, and poor
psychosocial functioning. During the last 40 years,
osseointegrated dental implants have become one
of the most used biomaterial to replace missing or
lost teeth and the treatment has been characterised
by a highly successful outcome of complete, partial
or single edentulism [2-5]. Oral rehabilitation with
implant-supported prosthesis have shown improved
masticatory function and oral specific health-related
quality of life compared to removable dentures [6,7].
However, placement of implants in the posterior
part of the maxilla is frequently compromised or
impossible due to atrophy of the alveolar process,
poor bone quality and maxillary sinus pneumatization.
Therefore, vertical alveolar ridge augmentation
is often necessary before or in conjunction with
installation of implants. Various surgical approaches
comprising elevation of the Schneiderian membrane
have been proposed in order to achieve the necessary
vertical height of the alveolar process for the
installation of implants with a sufficient length
including maxillary sinus floor augmentation with the
lateral window technique, osteotome-mediated sinus
floor elevation and sinus membrane elevation without
the use of a graft material [8-10]. However, the
treatment of choice for the most appropriate surgical
intervention for oral rehabilitation of the atrophic
posterior maxillary ridge with implants is influenced
by the vertical height of the residual alveolar bone,
local intrasinus anatomy and the number of teeth to be
replaced [10].
Different types of biomaterials have been used
for maxillary sinus floor augmentation including
autograft, allograft, xenograft, alloplast, and growth
factors, and the selection of the ideal graft material
has been a subject of controversy over the years.
Autogenous bone graft is considered the golden
standard in augmentation procedures due to its
osteoinductive, osteogenic and osteoconductive
characteristics [11]. However, the use of autogenous
bone grafts is associated with risk of donor site
morbidity and unpredictable graft resorption [1219]. Therefore, various bone substitutes of biologic
or synthetic origin are used increasingly to simplify
the surgical procedure by diminishing the need
for bone harvesting. The treatment outcome after
enhancement of the vertical alveolar bone height
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in the posterior part of the maxilla with the different
treatment modalities is well-documented and has
been reported in numerous systematic reviews and
meta-analysis [20-34]. Although, the conclusions are
often based on short-term non-comparative studies.
Therefore, the objective of this comprehensive review
is to present the current evidence for enhancement
of the vertical alveolar bone height in the posterior
part of the maxilla and propose some evidencebased treatment guidelines for oral rehabilitation
of the atrophic posterior maxilla with dental
implants.
SURGICAL METHODS FOR ENHANCEMENT
OF THE ALVEOLAR BONE HEIGHT IN THE
POSTERIOR MAXILLA
Maxillary sinus floor augmentation applying the
lateral window technique with a grafting material
and simultaneous or delayed implant installation
Maxillary sinus floor augmentation using the lateral
window technique was originally developed by
Tatum [35] in the mid-seventies and afterwards
described by Boyne and James in 1980 [36]. This
surgical intervention is still the most frequently
used method to enhance the vertical alveolar bone
height of the posterior part of the maxilla before
or in conjunction with installation of implants,
and the treatment outcome has been reported in
several systematic reviews and meta-analysis
[20-25].
Surgical technique
Maxillary sinus floor augmentation applying the
lateral window technique is usually performed under
local anaesthesia and sedation. The maxillary sinus
is exposed through the oral mucosa in the region
of the anterior and lateral maxillary sinus wall. A
midcrestal incision is made with posterior and anterior
vertical releasing incisions. A mucoperiosteal flap
with a trapezoid base is reflected exposing the lateral
wall of the maxillary sinus. A trapdoor osteotomy
is performed on the lateral wall of the maxillary
sinus with burrs and a high-speed handpiece or
piezoelectric surgery advoiding laceration of the
Schneiderian membrane (Figure 1A). The trapdoor
is infractured and the Schneiderian membrane is
carefully dissected and elevated from the maxillary
sinus floor as well as the lateral and medial sinus
wall and displaced dorsocranially with blunt
dissector to create a compartment for placement of
the graft material (Figure 1B). Implants are inserted
J Oral Maxillofac Res 2017 (Jul-Sep) | vol. 8 | No 3 | e3 | p.2
(page number not for citation purposes)

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH

Starch-Jensen and Jensen

A

B

C

D
Figure 1. Maxillary sinus floor augmentation applying the lateral window technique with a grafting material. A = a trapdoor osteotomy is
performed on the lateral wall of the maxillary sinus. B = the trapdoor is infractured and the Schneiderian membrane is carefully dissected
and elevated from the maxillary sinus floor to create a compartment for placement of the graft material. C = the implant is inserted
simultaneously with the augmentation procedure. D = the graft material is densely packed around the exposed implant surface in the created
compartment.

simultaneously with the augmentation procedure,
if the height of the residual alveolar bone provides
sufficient primary implant stability. An implant bed is
successively prepared with burrs before the implant
are inserted in the residual alveolar bone with the
implant tip exposed in the created compartment in
the maxillary sinus (Figure 1C). The graft material
is densely packed around the exposed implant
surface to facilitate de novo bone formation (Figure
1D). The lateral window to the maxillary sinus is
usually covered by a resorbable collagen membrane
http://www.ejomr.org/JOMR/archives/2017/3/e3/v8n3e3ht.htm

to prevent ingrowth of fibrous tissue before the
mucoperiosteum is readapted and sutured. If primary
implant stability is compromised, then the implants
are inserted 4 to 12 months after the augmentation
procedure. Final prosthetic solution is performed three
to six months after implant installation.
Clinical outcome
Recent systematic reviews and meta-analysis have
assessed the implant survival after maxillary sinus
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floor augmentation with various types of graft
materials disclosing an overall implant survival rate
well-beyond 90% [20-25]. The implant survival rate
was equivalent regardless of the used graft material
and time of implant placement [24,25]. Moreover,
a newly published systematic review and metaanalysis assessing the long-term implant treatment
outcome concluded that maxillary sinus floor
augmentation with autogenous bone graft, mixture of
autogenous bone graft and bone substitutes or bone
substitutes alone seem to be a highly predictable
and successful surgical procedure to enhance
the vertical alveolar bone height of the posterior
part of the maxilla before or in conjunction with
implant placement with a high implant survival rate
[24].
Radiological and histomorphometric outcome
Recent published systematic reviews assessing
histomorphometric variables after maxillary sinus
floor augmentation concluded that autogenous bone
graft resulted in the highest amount of newly formed
bone in comparison to various bone substitutes,
though allografts, alloplastic materials and xenografts
seemed to be a good alternative to autogenous bone
graft [23,37]. Moreover, a meta-analysis assessing
the total bone volume after maxillary sinus floor
augmentation based on histomorphometric analysis
demonstrated a significantly higher proportion of
mineralized bone during the early healing phase when
autogenous bone was used as graft as compared with
various bone substitutes used alone or in combination
with autogenous bone graft [38]. However, a
healing period of more than 9 months revealed no
statistically significant differences between the
different treatment modalities [37]. A newly published
systematic review and meta-analysis evaluated the
effect of a barrier membrane over the lateral window
demonstrating similar amount of bone formation
with or without a barrier membrane [39]. Moreover,
the type of grafting material and healing time did
not influence the histomorphometric outcome [39].
The effect of autogenous platelet concentrates on
the clinical and histomorphometric outcome has
previously been evaluated in a systematic review
disclosing no evidenced beneficial effect of platelet
concentrates due to large heterogeneity among the
included studies [40]. The bone-to-implant contact
and the volumetric stability of the graft material
after maxillary sinus floor with autogenous bone
graft alone or in combination with different ratios
of deproteinized bovine bone mineral has been
evaluated in an experimental minipigs model [18,41].
http://www.ejomr.org/JOMR/archives/2017/3/e3/v8n3e3ht.htm
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It was concluded that the bone-to-implant contact
was significantly higher when autogenous bone graft
or deproteinized bovine bone mineral mixed with
autogenous bone graft in different ratios were used
as compared to deproteinized bovine bone mineral
alone, after 12 weeks [41]. In addition, fluorochrome
labelling indicated that the early bone to implant
contact formation adjacent to the implant surface
was more advanced with autogenous bone graft
compared to deproteinized bovine bone mineral [41].
Computed tomography scans obtained preoperatively,
immediately after surgery, and after 12 weeks showed
a significant volumetric reduction of autogenous
bone grafts from the iliac crest and the mandible
[18]. Increased graft preservation occurred after the
addition of deproteinized bovine bone mineral and
the volumetric reduction was significantly influenced
by the ratio of deproteinized bovine bone mineral and
autogenous bone graft [18]. Volumetric dimensional
changes of the graft material after maxillary sinus
floor augmentation has previously been assessed in
a systematic review concluding that some loss of
the augmentation volume always occurs, but bone
substitutes or composite grafts display less volume
reduction compared to autogenous bone graft
[19].
Complications
Perforation of the Schneiderian membrane is the most
common operative complication during maxillary
sinus floor augmentation [42-45]. Presence of sinus
septa and a residual bone height less than 3.5 mm
increases the risk for a sinus membrane perforation
[46]. However, perforation of the Schneiderian
membrane seems not to influence the final treatment
outcome [42-45], but a higher prevalence for sinusitis
is reported in cases of membrane perforation [46].
Other complications include bleeding, migration of
dental implants into the maxillary sinus, postoperative
infection, sinusitis, exposure of the graft, graft loss,
oedema, seroma formation, benign paroxysmal
positional vertigo and exposure of the collagen
membrane. Smokers generally exhibited greater
chances for complications and a newly published
systematic review concluded that smoking seems to
be associated with increased risk of wound dehiscence
and infection after maxillary sinus floor augmentation
[46,47]. However, complications related to maxillary
sinus floor augmentation applying the lateral window
technique with a grafting material are generally low
and not severe, as documented in systematic reviews
[20,24].
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Conclusion and clinical recommendations
Maxillary sinus floor augmentation applying the
lateral window technique with a grafting material
is a safe and predictable surgical procedure with
low morbidity for oral rehabilitation of the severely
atrophic posterior maxilla with dental implants. This
surgical intervention is recommended when the
height of the residual alveolar bone is less than 6 mm.
Dental implants are inserted simultaneously with the
augmentation procedure, if the height of the residual
alveolar bone provides sufficient primary implant
stability. If not, then the implants are inserted 4 to 12
months after the augmentation procedure, depending
of the used graft material.
Maxillary sinus membrane elevation applying the
lateral window technique without a graft material
and simultaneous implant installation
Maxillary sinus membrane elevation using the lateral
window technique without a graft material and
simultaneous installation of implants was introduced
by Lundgren et al. in 2004 [48]. This surgical
intervention requires sufficient vertical height of
the residual alveolar bone in the posterior part of
the maxilla to achieve primary implant stability,
since immediate implant installation is necessary
to preserve and support the elevated Schneiderian
membrane, allowing coagulum formation round the
exposed implant surface in the sinus cavity. The
treatment outcome has been reported in various
systematic reviews and meta-analysis involving
predominantly short-term non-comparative studies
[26,27,29,30,34], but long-term studies are scarce.
Surgical technique
The formation of the lateral window, elevation of the
Schneiderian membrane and implant installation is
similar to the surgical technique described above for
maxillary sinus floor augmentation with a grafting
material and simultaneous implant installation,
although the implant bed is usually prepared with an
undersized drilling protocol and the lateral cortical
bony window is often dissected free and removed from
the underlying Schneiderian membrane (Figure 2A). A
blood coagulum is formed around the exposed implant
tip in the secluded compartment between the elevated
Schneiderian membrane and the original floor of the
maxillary sinus (Figure 2B). The lateral window to the
maxillary sinus is covered by a resorbable collagen
membrane or the dissected lateral cortical bony
window. The mucoperiosteum is readapted and sutured
http://www.ejomr.org/JOMR/archives/2017/3/e3/v8n3e3ht.htm
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(Figure 2C). Final prosthetic solution is usually
performed three to six months after maxillary sinus
membrane elevation and implant installation, when de
novo bone is formed around the implant (Figure 2D).
Clinical outcome
Recent systematic reviews and meta-analysis have
assessed the implant survival after maxillary sinus
membrane elevation using the lateral window
technique without a graft material and simultaneous
installation of implants disclosing an implant survival
rate beyond 90% [26,27,29,30,34]. However, longterm studies are scarce. A 5-year implant survival
rate of 100% has been reported after maxillary sinus
membrane elevation without a graft material and
simultaneous installation of 80 implants in 44 patients
[49]. Moreover, an implant survival of 99% has been
described in a 1 to 6-year follow-up study involving
189 implants inserted in 84 patients [50]. However,
only 14 implants inserted in 6 patients were followed
for 6 years [50].
Radiological and histomorphometric outcome
Assessment of intra-sinus new bone formation
and bone density after maxillary sinus membrane
elevation using the lateral window technique without
a graft material has been compared with maxillary
sinus floor augmentation applying the lateral window
technique with autogenous bone graft or allogenic
mineralized bone graft [51,52]. The average vertical
alveolar bone gain after 6 months was 7.9 mm without
a graft material and 8.3 mm when an autogenous
bone graft was used [51]. There was no significant
difference in the vertical alveolar bone gain between
the two treatment modalities at any time-points
[51]. Radiographic assessment showed that the bone
density increased significantly during the observation
period, but the bone density was significantly higher
in sinuses augmented with a blood clot compared to
an allogenic mineralized bone graft after 6 months
[52]. A non-comparative study assessing maxillary
sinus membrane elevation with the lateral window
technique without a graft material demonstrated an
intra-sinus vertical alveolar bone gain of 7.4 mm after
5 years, with no significant changes in the gained
bone height between 2 and 5 years [52]. Moreover,
the gain in intra-sinus vertical alveolar bone height
was increased significantly for implants protruding
longer into the sinus cavity compared to implants with
only a minor part of the implant tip exposed [52,53].
Histologic evaluation of biopsies retrieved after
maxillary sinus membrane elevation with the lateral
J Oral Maxillofac Res 2017 (Jul-Sep) | vol. 8 | No 3 | e3 | p.5
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Figure 2. Maxillary sinus membrane elevation applying the lateral window technique without a graft material and simultaneous implant
installation. A = the lateral cortical bony window is dissected free and removed from the underlying Schneiderian membrane, which is
carefully elevated from the maxillary sinus floor to create a compartment for placement of the graft material. B = a blood coagulum is
formed around the exposed implant tip in the secluded compartment between the elevated Schneiderian membrane and the original floor of
the maxillary sinus. C = the window to the maxillary sinus is covered by the dissected lateral cortical bony window. D = new bone formation
around the implant tip in the previous created compartment.

window technique without a graft material revealed
new bone formation and a mean vital bone volume
varying between 39% and 60%, after 6 months
[54-56].
Complications
Perforation of the sinus membrane was the most
frequent intraoperative complication, although very
rare [26,27,29,30]. A higher risk of sinus membrane
http://www.ejomr.org/JOMR/archives/2017/3/e3/v8n3e3ht.htm

perforationhas been reported, when the lateral cortical
bony window was dissected free and removed from
the underlying Schneiderian membrane [29]. However,
the treatment outcome seems not to be influenced
by a sinus membrane perforation, although implant
loss has been reported in a case with a perforation of
the sinus membrane [29,50]. Other complications
reported
included
postoperative
infection,
exposure of the covering membrane, swelling,
mild postoperative oedema, pain, loosening of
J Oral Maxillofac Res 2017 (Jul-Sep) | vol. 8 | No 3 | e3 | p.6
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healing abutments, and nose bleeding [29].

Surgical technique

Conclusion and clinical recommendations

Osteotome-mediated sinus floor elevation and
simultaneous installation of implants with or without
the use of a graft material is performed under local
anaesthesia and sedation. An intraoral midcrestal
incision is made with or without a vertical releasing
incision. Mucoperiosteum is reflected along the
residual alveolar ridge and the implant position is
marked on the alveolar crest with a small round
bur. The implant bed is prepared with a series
of osteotomes with increasing diameter or in
combination with burrs to a depth approximately 1 to
2 mm away from the maxillary sinus floor boundary
(Figure 3A). An up-fracture of the maxillary sinus
floor is made with a mallet under light tapping and
the Schneiderian membrane with the maxillary sinus
floor is carefully elevated using an osteotome or a
blunt instrument (Figure 3B). The integrity of the
membrane is controlled with Valsalva maneuver,
before grafting material may be added to the lifted
area underneath the elevated Schneiderian membrane
with the original maxillary sinus floor. The implant
is inserted in the residual alveolar bone with the
implant tip exposed in the lifted area (Figure 3C).
Mucoperiosteum is readapted and sutured. Final
prosthetic solution is performed three to six months
after osteotome-mediated sinus floor elevation with
simultaneously implant installation, when de novo
bone is formed around the implant (Figure 3D).

Maxillary sinus membrane elevation applying the
lateral window technique without a graft material
and simultaneous implant installation seems to be
a safe and predictable surgical procedure with few
complications and a high short-term implant survival
rate. However, no consensus has yet been reached
on the amount of bone formation and predictability
for installation of numerous implants in the posterior
part of the maxilla with this surgical intervention.
Moreover, long-term clinical and radiographic studies
assessing the final implant treatment outcome are
scarce. Thus, further long-term comparative studies are
needed before final conclusion can be provided about
this surgical intervention for oral rehabilitation of the
atrophic posterior maxilla with dental implants. It is
our opinion that maxillary sinus membrane elevation
using the lateral window technique without a graft
material and simultaneous implant installation should
solely be recommended for single implant installation,
when a limited amount of bone regeneration is needed.
Osteotome-mediated sinus floor elevation and
simultaneous installation of implants with or without
the use of a graft material
The osteotome-mediated transcrestal sinus lift
approach was first proposed by Tatum in 1986 [35].
In 1994, Summers [57] described a modification
of this technique using a set of tapered osteotomes
with increasing diameters intended to increase the
density of the soft bone and create an up-fracture
of the maxillary sinus floor. The Schneiderian
membrane and the maxillary sinus floor is elevated
from a transcrestal approach using osteotomes
creating a compartment for graft placement and/
or blood clot formation, without the preparation of a
lateral window. Implants are inserted immediately to
support the elevated floor of the maxillary sinus with
the Schneiderian membrane. Osteotome-mediated
sinus floor elevation is most suitable for installation
of a single implant but can be used for multiple
implants. The treatment outcome has been reported
in reviews, systematic reviews and meta-analysis
comprising predominantly short-term studies [3133,58-61]. Osteotome-mediated sinus floor elevation
with simultaneous installation of implants with or
without the use of a grafting material are considered
less invasive and time-consuming than maxillary
sinus floor augmentation applying the lateral window
technique.
http://www.ejomr.org/JOMR/archives/2017/3/e3/v8n3e3ht.htm

Clinical outcome
Various systematic reviews and meta-analysis have
assessed the implant survival after osteotomemediated sinus floor elevation and simultaneous
installation of implants with or without the use of a
graft material revealing an overall implant survival
rate higher than 90% [31-33,58-61]. However, longterm studies are scarce. A newly published systematic
review and meta-analysis disclosed no statistically
significant difference in short-term implant survival
rate between osteotome-mediated sinus floor elevation
and simultaneous installation of implants with or
without the use of a graft material [61]. A 10-year
implant survival rate of 100% has been reported
after osteotome-mediated sinus floor elevation and
simultaneous installation of 23 implants in 15 patients
without the use of a graft material [62]. The implant
survival rate after osteotome-mediated sinus floor
elevation and simultaneous installation of implants is
significantly higher when the residual vertical alveolar
bone height is more than 5 mm, as documented in
a systematic review [32]. Moreover, installation
J Oral Maxillofac Res 2017 (Jul-Sep) | vol. 8 | No 3 | e3 | p.7
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Figure 3. Osteotome-mediated sinus floor elevation and simultaneous installation of implants with or without the use of a graft material.
A = the implant bed is prepared with a series of osteotomes with increasing diameter or in combination with burrs to a depth approximately
1-2 mm away from the maxillary sinus floor boundary. B = an up-fracture of the maxillary sinus floor is made with a mallet under light
tapping and the Schneiderian membrane with the maxillary sinus floor is carefully elevated with the osteotome or a blunt instrument. C = the
implant is inserted in the residual alveolar bone with the implant tip exposed in the lifted area. D = new bone formation around the implant
tip in the previous created compartment.

of short implants (≤ 6 mm) in conjunction with
osteotome-mediated sinus floor elevation significantly
diminished the implant survival rate [58].
Radiological and histomorphometric outcome
The 3-year radiographic assessment of intra-sinus new
bone formation after osteotome-mediated sinus floor
elevation and simultaneous installation of implants
ranged from 3.17 to 5.1 mm with a graft material
http://www.ejomr.org/JOMR/archives/2017/3/e3/v8n3e3ht.htm

and from 1.7 to 4.1 mm without a graft material,
as documented in a systematic review and metaanalysis [61]. Moreover, a prospective radiographic
study assessing the intra-sinus vertical alveolar bone
gain after osteotome-mediated sinus floor elevation
and simultaneous installation of implants revealed
significantly more bone gain with a grafting material
compared to the use of no graft [62]. The 10-year
radiographic intra-sinus new bone formation was
3 mm without the use of a graft material and bone
J Oral Maxillofac Res 2017 (Jul-Sep) | vol. 8 | No 3 | e3 | p.8
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formation was more pronounced during the first
year and tends to increase for three years [63].
Consequently, osteotome-mediated sinus floor elevation
with a graft material and simultaneous installation
of implants seem to facilitate more vertical alveolar
bone gain compared to the use of no graft material.
Complications
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Hence, osteotome-mediated sinus membrane elevation
is usually indicated when a residual vertical alveolar
bone height of more than 6 mm is present. Autogenous
bone graft or bone substitutes can be added, if more
intra-sinus bone gain is needed for installation of
implants with a desirable length.
CONCLUSIONS

Perforation of the Schneiderian membrane is the most
common operative complication after osteotomemediated sinus floor elevation and simultaneous
installation of implants with or without the use of
a graft material with a mean incidence of 3.8%
(range 0 to 21.4) [64]. An oblique maxillary sinus
floor, sinus septa and root apices penetrating into the
maxillary sinus increases the risk of Schneiderian
membrane perforation. However, perforation of sinus
membrane seems not to influence the implant survival
rate [64]. Other complications include postoperative
infection, disorientated after surgery, nose bleeding,
blocked nose, hematomas, benign paroxysmal
positional vertigo and postoperative bleeding [58].
Conclusion and clinical recommendations
Osteotome-mediated sinus membrane elevation is a
predictable and reliable approach to oral rehabilitation
of the atrophic posterior maxilla with a high implant
survival rate. However, there is a paucity of long-term
studies and installation of short implants (≤ 6 mm)
significantly diminished the implant survival rate.

Various surgical techniques have been proposed in
order to achieve the necessary vertical alveolar bone
height for the insertion of dental implants in the
posterior part of the maxilla disclosing high implant
survival rate with a low incidence of complications.
However, the indication for the three above-mentioned
surgical techniques is not strictly equivalent and
the treatment choice should be based on a careful
evaluation of the individual case. The residual
vertical alveolar bone height and the ability to achieve
primary implant stability is considered fundamental
in deciding which augmentation technique should be
used to obtain an adequate vertical bone height for
installation of dental implants with a desirable length
in the posterior part of the maxilla. When a residual
vertical alveolar bone height of more than 5 mm is
present, osteotome-mediated sinus floor elevation
and simultaneous installation of implants with or
without the use of a graft material is usually indicated.
Otherwise, when the residual bone height is 5 mm or
less, maxillary sinus floor augmentation using the
lateral window technique with a grafting material
lateral window approach is indicated (Figure 4).

Vertical height of the
residual alveolar bone

> 5 mm
Osteotome-mediated sinus
floor augmentation

≤ 5 mm
Maxillary sinus floor augmentation
with lateral window technique
- implant stability

Delayed implant
installation
4 to 6 months

+ implant stability
Simultaneous implant
installation

9 to 12 months

Particulated autogenous
bone graft alone

Bone substitutes alone or
mixed with autogenous bone

Final oral rehabilitation is performed 3 to 6 months after implant
installation
Figure 4. Treatment guidelines for enhancement of the vertical alveolar bone height and oral rehabilitation of the atrophic posterior maxilla
with implants.
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Maxillary sinus membrane elevation using the lateral
window technique without a graft material and
simultaneous implant installation is solely suggested
when a limited amount of bone regeneration is needed
for installation of implants. However, further high
evidence-based and well reported long-term studies
are needed to clarify the specific indications for each
treatment modality. Moreover, short dental implants or
alternative treatment options should be considered for
each individual patient.
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