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INTRODUCTION

W

hen assessing a potential future implant site, if the
implant does not ‘‘fit’’ due to a deficiency of hard
or soft tissue, then the clinician and patient must
commit to a bone, tissue, or sinus graft to
augment that site. The posterior maxilla poses several
challenges for the placement of dental implants. Bone and
tissue loss from periodontal disease, post-extraction bone
atrophy in height and width, pneumatization of the maxillary
sinuses, poor bone density, and very high occlusal forces are
some factors leading to this difficulty. Bone grafting in the
maxillary sinus is the solution to obtain adequate bone volume
for implant placement.
High-resolution 3D cone-beam computed tomography
(CBCT) is the gold standard for imaging and treatment planning
dental implants in the maxillary sinus. Multiple factors such as
residual bone height (RBH), presence of teeth, size and shape of
the sinus, septa, and pathology, must be assessed.
The lateral sinus window technique has been the traditional
method of choice to augment the sinus in patients presenting
with a severely resorbed and atrophied posterior maxilla. The
lateral window is the procedure of choice in cases presenting
with a larger edentulous region of several teeth, a significant
volume of bone grafting required, and a RBH , 5 mm. Implant
placement is usually delayed in these cases where the RBH is
less than 5 mm.1 Several of the main disadvantages of the
lateral window are the need to raise a large flap, Schneiderian
membrane perforation, presence of septa, difficulty in design
and preparation of the bony window, thick bony lateral wall,
and injury to blood vessels found in the lateral bony wall.
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The maxillary sinus septum is an anatomical irregularity that
poses a serious complication to the lateral sinus window
procedure. The vast majority of septa, 87.6%, are transverse, or
buccopalatal in orientation.1 3D CBCT diagnostic imaging must
be done to evaluate the location, size, and orientation of the
sinus and is septa. It is often necessary to modify the size and
shape of the lateral window to compensate for the presence of
the septum. Several of the strategies are as follows. If the
septum is high, 2 windows, one posterior and the other anterior
to the septum may be made. If the septum is low, a modified
‘‘W’’ shaped window may be created.1,2 In either septum
situation, the risk of perforating the Schneiderian membrane is
very high and the buccal window of bone should not be
inverted (trapdoor technique)3 in the presence of the septum.
For the last 35 years, the main surgical approaches have
been described by Tatum,4 and Summers.5,6 Several modified
techniques have also been described: osteotomes,7 balloon,8
reamers,9 hydraulic pressure,10 and piezosurgery.11
The crestal sinus approach is indicated when there is at
least 5 mm remaining crestal bone height, and primary implant
stability can usually be achieved.12,13 The crestal approach is
generally considered to be a far less invasive procedure with
less complications, less postoperative pain, and less swelling for
patients. One main disadvantage of the transcrestal approach is
that the procedure is relatively blind and there is the possibility
of perforating the Schneiderian membrane due to reduced
visibility, and not knowing that such a perforation has occurred.
Although the transcrestal approach is a blind procedure, the
frequency of Schneiderian membrane perforation is reported as
less than the lateral approach.14,15 Perforation of the Schneiderian membrane would lead to loss of the graft material into
the sinus, and failure of the procedure. There is a very limited
ability to repair a membrane perforation through the crestal
approach compared to the lateral window procedure.
Traditional crestal sinus augmentation techniques, howevJournal of Oral Implantology
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A novel minimally invasive technique, osseodensification, is proposed to facilitate maxillary sinus bone graft augmentation. The
osseodensified crestal window overcomes the previous limitations of traditional crestal approaches with respect to residual bone height
(RBH) of 1.5 mm as well as vertical height of augmentation (.10 mm). Three patients, healthy and non-smoking, with 3 distinct and
difficult clinical situations requiring sinus augmentation and having a maximum of 1.5 mm RBH (0.4–1.5 mm) were selected for this
procedure. Edentulous sections were large (entire posterior sextant, with and without sinus septa), and small (single hyperpneumatized
maxillary molar site). All healing was rapid and uneventful with no instances of sinus membrane perforation or other complications seen.
The vertical increase in sinus bone height ranged from 10.3 mm to 13.6 mm. The increase in bone height is comparable to that obtained
with lateral window procedures. The osseodensified crestal sinus window technique may be thus be proposed as a possible alternative
procedure for the lateral sinus window technique for maxillary sinus bone augmentation.

Osseodensified Crestal Sinus Window Alternative to Lateral Window






Clinical situation 1: edentulous posterior maxilla with large
pneumatized maxillary sinus.
Clinical situation 2: edentulous posterior maxilla with large
pneumatized maxillary sinus complicated by transverse
septum compartmentalization.
Clinical situation 3: single missing posterior tooth with
severely pneumatized sinus and adjacent roots forming the
mesial and distal sinus walls (with a very large and
radiographically visible blood vessel present in the lateral
wall of the sinus).
Case reports

Description of technique and surgical procedure (common to each
case)
Three patients, healthy and non-smoking, with 3 distinct and
difficult clinical situations requiring sinus augmentation and
having a maximum of 1.5 mm RBH (0.4–1.5 mm) were selected
for this procedure. Edentulous sections were large (entire
posterior sextant, with and without sinus septa) and small
(single hyperpneumatized maxillary molar site).
The author ensured compliance with EQUATOR Guidelines
(CARE Case Report Checklist).
Preoperative radiographs (Figures 2a, 6a, and 8a) and 3D
CBCT imaging (Figures 1, 5, and 9) were performed to
determine bone volume and rule out sinus pathology prior to
surgery. Postoperative radiographs (Figures 2b, 6b, and 8b) and
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CBCT (Figure 4) were used to measure the amount and height
of bone augmentation in the sinus.
Informed consent was thoroughly read and explained to
the patients and all questions answered 1 week prior to the
procedure. Prophylactic antibiotics (amoxicillin, 500 mg, three
times a day [tid] for 1 week) was started 1 day prior with an
additional dose of 2 g taken 1 hour before the procedure. The
patient was to rinse with chlorhexidine, 0.12%, preoperation
and tid for 2 weeks post-operation. ibuprofen, 600 mg, every 4
to 6 hours, was prescribed as analgesic.
Preoperative 3-D CBCT imaging was done. The CBCT was
converted to a 3D file (Simplant; Dentsply Sirona, York, Penn) to
allow multiple views, rotation and familiarization of the 3D
image. An assessment was done of the size, shape, and volume
of the maxillary sinus and the bone height needed for the
future dental implant procedure. A thorough evaluation of the
sinus anatomy and septa was done. There was no sinus
pathology present prior to the surgical procedures. Measurement of the sinus floor RBH (0.4–1.5 mm) was measured with
CBCT and digital periapical radiographs (Dexis; KaVo Dental,
Danaher Corp, Washington DC).
The posterior quadrant was anaesthetized with 2 carpules
of lidocaine 2% (1:50 000) (xylocaine; Dentsply) via buccal and
palatal infiltration. A full-thickness flap was elevated with a
periosteal releasing incision.
For clinical situations 1 and 2, 2 osteotomy sites were
planned, one in the posterior, the other in the anterior region of
the sinus (and septum). Confirmation of the osteotomy
positions was done with two gutta percha markers (Figures
3a and 7a) and digital periapical radiographs (Figures 2a and
6a).
For clinical situation 3, the osteotomy was made in the
center of the alveolar crest of the missing first maxillary molar
(Figure 10a).
Purchase points (a groove or notch on the bone surface)
were made on the crest of the ridge at the confirmed
osteotomy positions with a high-speed large round diamond
bur and copious irrigation. A 3.0-mm diameter Densah bur
(Versah, LLC, Jackson, Miss) in osseodensification mode (CCW
drill speed 1100 RPM with copious irrigation) and gentle
pressure was used to reach and penetrate the floor of the sinus
(Figures 3b, 7b). The sinus membrane was visible and intact.
Using modulating pressure with a pumping motion, this bur
was advanced past the sinus floor in 1-mm increments, up to a
maximum of 3 mm. Maximum bur advancement past the sinus
floor, at any stage, must not exceed 3 mm. The osteotomy
diameter was increased with the next successive Densah burs
4.0 mm (Figure 10b), 5.0 (Figures 3c and 7d), and 5.3 mm
(Figure 10d) in osseodensification Mode (CCW 1100 RPM with
copious irrigation) to achieve sinus membrane lift of 3 mm in 1mm increments. Again, the sinus membrane was visible and
intact.
The osteotomy sites were filled with well hydrated
mineralized cortical allograft (MTF Symbios; Dentsply Sirona)
(Figures 3d, 7e and 10e). The final Densah bur 5.0 mm (Figures
3e and f, 7f), or 5.3 mm (Figures 10f) was used in
osseodensification mode (CCW) at low speed (150 RPM) and
no irrigation to gently propel the allograft into the sinus. The
Densah Bur only facilitates the allograft material compaction to
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er, have been unable to accomplish the amount of vertical
bone gain obtained by the lateral sinus window procedure.
Several studies: Zitmann and Scharer,13 Woo and Le,14 and Pal
and colleagues16 have found a statistically significant difference
in the bone gain height between crestal and lateral techniques
with a typical mean gain of only 3 to 4 mm for the crestal
approach.13
The author is proposing a novel transcrestal window sinus
lift technique (osseodensification) that bypasses the longestablished restrictions and disadvantages of transalveolar
crestal augmentation. The proposed crestal technique is a
potentially safe and effective procedure that produces an
increase in bone height comparable to that obtained with
traditional lateral window procedures. This innovative technique may provide a viable alternative to the rationale for the
lateral window approach.
Osseodensifying burs are used to densify alveolar bone by
rotating in the noncutting counterclockwise (CCW) direction at
800–1200 RPM.17 Copious amounts of irrigation fluid induce a
pressure wave ahead of the bur. This facilitates the autografting
of bone particles along the inner surface walls and apex of the
osteotomy. This autografting also serves to densify the inner
walls of the osteotomy.17 The sinus floor can thus be
penetrated by the CCW nonexcavating bur. The slurry of
irrigation fluid and autogenous bone chips creates the gentle
hydraulic detachment and elevation of the Schneiderian
membrane.18 The sinus is therefore augmented with a
potentially low risk of perforation.
This paper presents 3 distinct and difficult clinical situations
requiring maxillary sinus augmentation indicated for this
procedure having a RBH , 1.5 mm:
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further lift the sinus membrane. The bur was not advanced
more than 3 mm beyond the sinus floor. The graft propelling
step was repeated 10 to 15 more times to facilitate additional
membrane lift. Each successive grafting step produces a vertical
sinus augmentation of approximately 1 mm. This step would be
repeated by the surgeon as needed according to the future
planned implant length. 3.0 mL of allograft was used in clinical
situations 1 and 2. In clinical situation 3, 1.0 mL of allograft was
used.
Adjunct ridge augmentation grafting procedure
For clinical situation 1 and 2: Horizontal ridge augmentation
was also performed concomitantly in the premolar region of
the quadrant. Bleeding points were created in the buccal
cortical plate of the ridge in the premolar region with a highspeed #330 bur and copious irrigation. A long-lasting (26–38
weeks) collagen membrane (MTF Symbios OsteoShield; Dents-

ply Sirona) was custom cut to extend over the ridge to protect
the allograft on the buccal and palatal (Figures 3g and 7g). The
membrane was sutured to the lingual flap with 3:0 polyglycolic
acid (PGA) sutures (Polysyn; Look, Surgical Specialties Corp,
Westwood, Mass). Mineralized cortical allograft bone (MTF
Symbios) was used to augment the ridge concavities and
defects over the buccal cortical plate.The membrane was then
draped over the bone graft and over the buccal plate.
The flaps were then repositioned over the bone and
membrane (Figures 3g, 7g, and 10g). Tension-free primary
closure was achieved with 3:0 polyglycolic acid sutures
(PolySyn; Look) (Figures 3h, 7h, and 10h). Postoperative
follow-up digital radiographs (Figures 2b, 6b, and 8b) were
taken to measure the vertical increase in bone height of the
sinus augmentation. A vertical increase of 10.3 to 13.6 mm was
seen in the sinus. A clearly defined, dome-shaped augmentation of bone is seen on the radiographs, confirming the intact
Journal of Oral Implantology
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FIGURES 1 AND 2. FIGURE 1. Clinical situation 1: edentulous posterior maxilla with large maxillary sinus. (a) Cone beam computerized
tomography (CBCT) image; posterior crestal sinus osteotomy site; residual bone height (RBH) ¼ 1.5 mm. (b) CBCT image; anterior crestal
sinus osteotomy site; RBH ¼ 1.5 mm. (c) Simplant 3D image of maxillary sinus interior anatomy. FIGURE 2. (a) Digital radiograph of gutta
percha markers confirming osteotomy positions. (b) Postoperative radiographs showing final crestal sinus bone augmentation. A clearly
defined, dome shaped augmentation of bone is seen on the radiograph, confirming the intact Schneiderian membrane and full
containment of the graft volume. Final elevated sinus height: 12 mm (posterior site) and 15 mm (anterior site).
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FIGURE 3. Clinical situation 1: edentulous posterior maxilla with large maxillary sinus. (a) Confirmation of the osteotomy positions with 2
gutta percha markers and digital radiograph.(b) Two 3.0-mm osteotomy sites (anterior and posterior positions) through sinus floor with
Densah bur Ø 3.0. Note intact sinus membrane. (c) Two 5.0-mm osteotomy sites (anterior and posterior positions) through sinus floor with
Densah bur Ø 5.0. Note intact sinus membrane. (d) Osteotomy site filled with hydrated mineralized cortical allograft. (e) Densah Bur Ø 5.0
used in osseodensification mode (counterclockwise) at low speed (150 RPM) and no irrigation to gently propel the allograft into the sinus-
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FIGURE 4. Clinical situation 1: edentulous posterior maxilla with large maxillary sinus. (a) Cone beam computerized tomography (CBCT) image;
posterior crestal osteotomy site; sinus bone height ¼ 12.2 mm. (b) CBCT image; anterior crestal osteotomy site; sinus bone height¼ 15.1 mm.
(c) Simplant 3D image of maxillary sinus interior anatomy. Note the clearly defined, dome-shaped augmentation of bone in the sinus.

Schneiderian membrane with no perforation and full containment of the graft volume under the membrane.
Excellent rapid and uneventful healing was observed. All 3
patients reported minimal postoperative discomfort and

bleeding with no swelling. There was no incidence of sinus
Schneiderian sinus membrane perforation or other surgical
complications seen. The sutures were removed after 12 days.
Follow-up visits were at 1, 2, and 4 months.

anterior osteotomy site. (f) Densah Bur Ø 5.0 used to propel the allograft into sinus-posterior osteotomy site. (g) Adjunct ridge
augmentation graft procedure using mineralized cortical allograft and long-lasting collagen membrane. (h) Primary closure: tension-free
3:0 PGA sutures.
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FIGURE 5. Clinical situation 2: edentulous posterior maxilla with large maxillary sinus and transverse septum compartmentalization. (a) Cone
beam computerized tomography (CBCT) image; posterior crestal sinus osteotomy site: RBH ¼ 1.2 mm. (b) CBCT image; anterior crestal
sinus osteotomy site: RBH ¼ 0.9 mm. (c) Simplant 3D image of maxillary sinus interior anatomy. Note the presence of the transverse
septum on the floor of the sinus.
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RESULTS

For Table 1, the mean ages of the patients were 54.3 6 6.2
years (range: 46–61 years).
The mean initial (pre-op), final (post-op), and sinus
membrane vertical bone gain was:
1.1 6 0.4 mm, 13.0 6 1.3 mm, and 11.9 6 1.3 mm.

DISCUSSION

Traditionally the lateral window approach with delayed implant
placement has been recognized as the surgical technique of
choice in cases where the RBH is less than 5 mm due to the lack
of implant primary stability in such situations.13
Other authors have reported cases with transcrestal
Schneiderian membrane elevations of 3.8 to 12 mm,7,19,20
using either osteotomes, hydraulic detachment, or piezosurgery.
To the author’s knowledge, no other investigators have
demonstrated the use of this single simplified surgical
technique (osseodensification) for the crestal approach to
maxillary sinus augmentation with a residual bone height of
1.5 mm (0.4–1.5 mm) to achieve a vertical height of sinus
augmentation of .10 mm (10.3–13.6 mm). The increase in
bone height is comparable to that obtained with lateral
window procedures.
To the author’s knowledge, no investigators have demonstrated the use of one technique (osseodensification) for the 3
distinct and difficult clinical situations indicated for maxillary
sinus augmentation when the RBH is ,1.5 mm:
1. Edentulous posterior maxilla with large maxillary sinus.
2. Edentulous posterior maxilla with large maxillary sinus
complicated by transverse septum compartmentalization.
3. Single missing posterior tooth with severely pneumatized
sinus and adjacent roots forming the mesial and distal sinus
walls.

The osseodensified crestal sinus window technique may be
proposed as a possible alternative procedure for the lateral
sinus window technique for maxillary sinus bone augmentation.
It should be noted that the safety and effectiveness of this
procedure depends on cautious planning as well as the skill
and advanced training of the surgeon. The inexperienced or
novice surgeon may have a higher likelihood to develop or
induce a perforation of the sinus membrane. For this reason
the author strongly advises a thorough familiarization and
proficient experience with the lateral sinus window surgical
technique.
Despite the limitations of this study: the small number of
cases (3) and short follow-up (1 year), based on the results
obtained, it may be suggested that the described technique
may represent a viable alternative procedure in maxillary sinus
augmentation via the crestal approach.
Further studies will be required to determine its statistical
effectiveness in relation to the vertical gain success rate of the
traditional lateral sinus window procedure.
These clinical case studies do, however, demonstrate the
potential ability of this novel osseodensification crestal window
approach to augment the maxillary sinus for standard length
implant placement (9 mm implant length) in the hyperpneumatized posterior maxilla with a RBH , 1.5 mm.
Placement of dental implants would be staged or delayed in
such situations due to a lack of primary stability from the
extremely thin RBH used for any such anchorage.

ABBREVIATIONS
CBCT: cone beam computerized tomography
CCW: counterclockwise
RBH: residual bone height
tid: 3 times a day
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FIGURE 6. Clinical situation 2: edentulous posterior maxilla with large maxillary sinus and transverse septum compartmentalization. (a)
Digital radiograph of gutta percha markers confirming osteotomy positions. (b) Postoperative radiographs showing final crestal sinus bone
augmentation. Two clearly defined, dome-shaped augmentations of bone are seen on the radiographs, confirming the intact Schneiderian
membrane and full containment of the graft volume. Final elevated sinus height: 13.0 mm (posterior site) and 11.2 mm (anterior site).
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FIGURE 7. Clinical situation 2: edentulous posterior maxilla with large maxillary sinus and transverse septum compartmentalization. (a)
Confirmation of the osteotomy positions (anterior and posterior to the transverse septum) with two gutta percha markers and digital
radiograph. (b) Two 3.0-mm osteotomy sites through sinus floor made with Densah bur Ø 3.0. Note intact sinus membrane. (c) Densah bur
Ø 5.0 used in osseodensification mode (counterclockwise [CCW]) at 1100 RPM and copious irrigation to advance past the sinus floor in 1
mm increments up to a maximum of 3 mm. (d) Two 5.0-mm osteotomy sites (anterior and posterior positions) through sinus floor with
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TABLE 1
Detailed sinus measurements: Initial, elevated, and final elevated sinus membrane heights*

Age (y)
Sinus location
Pre-op RBH (mm)
Post-op height (mm)
Vertical gain (mm)

Posterior
1.5
12.2
10.7

Patient 1

Patient 2

Patient 3

Mean and SD

61

46

56
Mid-Crestal
0.4
13.5
13.1

54.3 6 6.2

Anterior
1.5
15.1
13.6

Posterior
1.2
13.0
11.8

Anterior
0.9
11.2
10.3

1.1 6 0.4
13.0 6 1.3
11.9 6 1.3

*RBH indicates residual bone height; SD, standard deviation.

Densah bur Ø 5.0. Note intact sinus membrane. (e) Osteotomy site filled with hydrated mineralized cortical allograft. (f) Densah bur Ø 5.0
used in osseodensification mode (CCW) at low speed (150 RPM) and no irrigation to gently propel the allograft into the sinus up to a
maximum of 3 mm past the sinus floor—anterior osteotomy site. (g) Adjunct ridge augmentation graft procedure using mineralized
cortical allograft and long-lasting collagen membrane. (h) Primary closure: tension-free 3:0 PGA sutures.

Journal of Oral Implantology

53

Downloaded from http://meridian.allenpress.com/joi/article-pdf/47/1/45/2794013/i1548-1336-47-1-45.pdf by Lebanon user on 21 April 2021

FIGURES 8 AND 9. FIGURE 8. Clinical situation 3: single missing posterior tooth with severely pneumatized sinus and adjacent roots forming
the mesial and distal sinus walls. (a) Digital radiograph of initial RBH ¼ 0.4 mm. Note the intraosseous artery in lateral bony wall of sinus—a
significant complication for the lateral window technique. (b) Digital radiograph post-op; verification of intact Schneiderian membrane
fully containing allograft graft volume. Final elevated sinus height: 13.5 mm (13.1-mm vertical augmentation). Note the intraosseous artery
in lateral bony wall of sinus. FIGURE 9. (a) Cone beam computerized tomography (CBCT) image; posterior crestal sinus osteotomy site: RBH
¼ 0.4 mm. (b) CBCT image; anterior crestal sinus osteotomy site: RBH ¼ 0.4 mm. (c) Simplant 3D image of maxillary sinus interior anatomy.
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FIGURE 10. Clinical situation 3: single missing posterior tooth with severely pneumatized sinus and adjacent roots forming the mesial and
distal sinus walls. (a) Full-thickness flap. Crestal osteotomy position at the center of the alveolar crest of the missing first maxillary molar.
(b) 4.0-mm osteotomy site through sinus floor made with Densah bur Ø 4.0. Note intact sinus membrane. (c) Densah Bur Ø 5.3 used in
osseodensification mode (counterclockwise [CCW]) at 1100 RPM and copious irrigation to advance past the sinus floor in 1-mm increments
up to a maximum of 3 mm past the sinus floor. (d) 5.3-mm osteotomy site through sinus floor with Densah bur Ø 5.3. Note intact sinus
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(CCW) at low speed (150 RPM) and no irrigation to gently propel the allograft into the sinus up to a maximum of 3 mm past the sinus floor.
(g) Osteotomy site filled with mineralized cortical allograft. Long-lasting collagen membrane sutured to palatal flap. (h) Primary closure:
tension-free 3:0 PGA sutures.
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