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Introduction: Description of the immediate/early (up to one week) cone 
beam tomographic findings following maxillary sinus augmentation using a 
minimally invasive implant device.
Methodology: A self-tapping endosseous dental implant containing an 
internal channel that allows the introduction of liquids through the implant 
body and into the maxillary sinus was used for sinus augmentation. A periapical 
radiography was performed at the end of the procedure. For those cases where 
the periapical radiograph could not demonstrate a clear postoperative result, 
a cone beam computerized tomography (CBCT) was performed at the end 
of the procedure. When a CBCT device was not available an early CBCT was 
performed within 1 week. Twenty immediate/early postoperative CBCT's were 
retrospectively evaluated for descriptive purposes.
Results: 25 immediate postoperative CBCT's were reviewed. The following 
radiological phenomena were noted and described – the postoperative 
appearance of the Schneiderian membrane; grafting material; new generated 
bone volume.
Conclusion: Dental CBCT should be the gold standard for immediate/early 
postoperative imaging, following transcrestal sinus augmentation using a 
minimally invasive implant device, to document post grafting conditions and 
allow early intervention in failures.
Keywords: Alveolar bone grafting; Dental implantation; Endosseous; 
Oral surgical procedures; Preprosthetic; Radiography; Dental; Digital; Sinus floor 
augmentation.
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Augmentation of the maxillary sinus floor followed 
by simultaneous or delayed placement of dental 
implants is a well-established technique for implant-
supported rehabilitation of the partially or complete-
ly edentulous patient [1-15].  Few studies document-
ed a patient's perception of recovery after sinus-floor 
augmentation [16]. The average patient should ex-
pect recovery within 5 days. As a result, patients may 
refuse the procedure due to fear, morbidity or other 
considerations.
Several surgical techniques for sinus floor augmenta-
tion were described. The classical lateral window ap-
proach was described by Tatum in 1986 [17]. This sur-
gical approach allows the clinician complete direct 
view of the sinus and enables sinus floor augmenta-
tion to the full extent necessary. However, it involves 
a significant amount of trauma to the patient. [16] 
The crestal approach was described by Summers in 
1994 [18]. This surgical procedure minimizes much 
of the postoperative morbidity, however, it limits the 
surgeons' direct vision and is limited in its ability to 
augment the entire sinus floor. 
The hydraulic sinus membrane elevation was first de-
scribed by Chen and Cha in 2005 [19]. This is a variant 
of the Summers' technique. The fluid pressure from 
the drilling instrument is used to gently raise the si-
nus membrane from the sinus floor. 
The present study focuses on a new procedure and a 
dedicated dental implant (iRaise sinus lift System by 
Maxillent Herzelia Israel) using the crestal approach 
[4,5]. This technique combines advantages of both 
the Tatum and Summers approaches, enabling sinus 
floor augmentation to the full extent necessary with 
minimum postoperative morbidity. 
Cone beam computed tomography (CBCT) provides 
a highly sophisticated format to precisely define the 
jaw structure and locate critical anatomic structures 
[20], and CBCT has been used in diagnosis, implant 
treatment [21], and evaluation of the changes after 
the sinus augmentation [6,9,12,14,21-23]. In the pres-
ent study, the immediate and early (up to one week)  
tomographic findings following maxillary sinus aug-
mentation using a minimally invasive implant device 
will be described.

2. Materials and methods
The dental implant used in this trial was a self-tap-
ping endosseous dental implant [4,5]. It contains an 
internal channel that allows the introduction of liq-
uids through the implant body and into the maxil-
lary sinus. The device was approved for clinical test-
ing by the ethical committees of the Israeli Ministry 
of Health following extensive preclinical and bench 
testing. The device also has a Conformité Europée-
nne (CE) approval Health Canada and is allowed for 
distribution in Europe, Canada  and Israel. The study 
was approved by the ethical committee of the Tel 
Aviv University.

2.1. Surgical procedure
Prophylactic antibiotics were administered (1 g of 
amoxicillin, 1 hour before the procedure). The pa-
tient performed a one-minute mouth wash with 
a chlorhexidine gluconate 0.2% solution. Surgery 
commenced with local anesthesia and a crestal inci-
sion, without vertical extensions, along the maxillary 
ridge. Relatively small full thickness mucoperiosteal 
flaps were reflected. The osteotomy site was marked 
with a small round bur. An osteotomy was started at 
the implantation site with a 3.2 -mm twist drill to a 
depth of 3 mm. The second drill is a flat tip drill up 
to 1 to 2 mm below the Schneiderian membrane, as 
measured by the preoperative radiograph. In some 
cases the operator used drills stoppers in order to ac-
curately drill to the planed point under the sinus floor, 
in other cases the operator used a free hand drill with 
depth marking only. A periapical radiograph with 
a depth guide was performed in order to verify the 
drilling angulation and depth. The osteotomy site 
was widened to the desired diameter with the full 
drilling sequence for either a 4.2 or 5.0 mm–diameter 
implant. The sinus floor was opened with a drill with 
an active diamond tip designed to atraumatically 
penetrate the sinus floor under the Schneiderian 
membrane with out damaging the membrane. The 
length of the implant (ranging from 13 to 16 mm) was 
selected based on the residual bone height: a 13-mm 
length implant was used for bone heights of up to 
5 mm, a 14.5-mm length implant was used for bone 
heights of up to 6.5 mm, and a 16-mm length implant 
was used for bone heights of up to 8 mm. The implant 
was first inserted into the osteotomy until it reached 
the end of the prepared osteotomy. The implant was 
then slowly advanced until the sinus floor was pene-
trated (approximately 1 mm). A periapical radiograph 
was performed in some cases in order to determine 
whether the implant penetrated the sinus floor. A 
saline syringe (0.9% sodium chloride sterile saline 
solution) was connected to the implant via the tub-
ing port. Saline solution was gently injected through 
the implant and into the sinus. Slight bleeding was 
noted in the retracted saline solution. This phenom-
enon served as a further indication that the implant 
tip penetrated the cortex. Blood was observed in the 
tubing upon stopping the injection or slightly drain-
ing fluid. Blood originated from the severed blood 
vessels connecting the Schneiderian membrane to 
the sinus bony walls. Typically, 2 to 3 cm3 of saline 
were required, depending on the size of the sinus, 
the number of implants, and the required elevation. 
The saline solution was retracted back into the sy-
ringe and the saline syringe was disconnected from 
the tubing port. A flowable bone graft filled syringe 
was then connected to the tubing port. The desired 
volume of bone graft material was then slowly inject-
ed through the implant into the sinus. The amount of 
bone graft ranged from 1 to 3 cm3, average 2.1 cm3. 
The bone graft syringe was subsequently discon-
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 Figure 1.  Immediate postoperative 
view of a single implant

nected from the tubing port and then the applica-
tor and tubing together were disconnected from the 
implant. The implant was then fully inserted through 
the osteotomy into the bone graft until the coronal 
aspect of the implant was aligned with the maxillary 
alveolar crest. The gingival flaps were then sutured. 
A periapical radiography was performed at the end 
of the procedure. For those cases where the periapi-
cal radiograph could not demonstrate a clear post-
operative result, a CBCT was performed at the end of 
the procedure. When a CBCT device was not available 
an early CBCT was performed within 1 week. Twenty 
immediate/early postoperative CBCT's were retro-
spectively evaluated for descriptive purposes. 
Following the procedure the patients were instruct-
ed to perform mouth rinsing for 1 minute with 0.2% 
chlorhexidine solution, twice a day, for 10 days. Post-
operative analgesia was used as needed. Nose drops 
(topical decongestants such as oxymetazoline) were 
used in the relevant nostril twice a day for a week. 
Antibiotics were prescribed at the clinician's discre-
tion (as usually given in bone grafting procedures): 
3 × 500 mg amoxicillin for 7 days. 

3. Results
25 immediate postoperative CBCT's were reviewed. 
The following radiological phenomena were noted:
- Schneiderian membrane (Fig. 1)
A clear membrane was noted in all CBCT scans al-
lowing a distinction between the grafted area and 
the rest of the sinus. The Scneiderian membrane ap-
peared as a narrow hyperdense line.
- Lack of membrane perforation (Fig. 1)
The thin line of the Schneiderian membrane is seen 
encircling the entire new content (air, water, bone) 
without any perforated area. None of the included 

materials is seen outside the membrane, within the 
sinus.
- Postoperative swelling of the sinus membrane (Fig. 2)
All cases demonstrated a slight postoperative swell-
ing of the sinus membrane without any signs of in-
flammation. 
- Palatal coverage of the membrane (Fig. 1)
The membrane is not necessarily elevated for all the 
bony walls. The elevation is probably proportional to 
the amount of residual alveolar ridge, pressure from 
the injectable fluids and connection between the 
membrane and the bone.
- Flush and compact adaptation of the grafting mate-
rial (Fig. 1)
Cases without additional implant placement dem-
onstrated flush and compact adaptation of the bone 
graft to the sinus floor. When additional implants 
were inserted irregular combinations of the hyper-
dense and hypodense areas were noted as a result 
fluid insertion and graft extrusion during the oste-
otomy preparation. (Fig. 3,4)
- Creation of 4 layers according to molecular weight 
(Fig. 1)
Some immediate postoperative CBCT's demonstrat-
ed 4 layers according to molecular weight. The most 
crestal is the original residual alveolar ridge. The sec-
ond is the injected bone graft. The third as water / 
blood from the severed Schneiderian membrane ves-
sels   and the most apical layer was air. 
The layers may be arranged in either a homogenous 
pattern or in a completely non-homogenous one. 
Another factor is probably the additional drilling into 
the sinus floor while adding implant, which can stir 
the bone graft and fluid inside the space created un-
der the Schneiderian membrane. (it is possible that 
it may take time for the layers to become homoge-
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neous as when you mix  oil and water) 
- Elevation direction (Fig. 1-4)
There is no absolute control of the elevation amount 
and direction. The membrane may be elevated either 
superiorly, distally, mesially, palatally or any combi-
nation of the above. 
- Membrane shape
In some cases the membrane obtains a ball/balloon 
like appearance (Fig. 1) whereas in others it may ob-
tain a completely irregular plastic shape (Fig. 3,4).

4. Discussion
Injectable bone substitutes are a combination of xe-
nografts, allografts, alloplasts and liquid components. 
Injectable alloplast proved to be very useful when ap-
plied via a minimally invasive dental implant device. 
The fluid organic components serve as a binder for 
the anorganic bone substitute particles. The organic 
materials prevent wash out of the particles from the 
grafted site.[24] In order to allow optimal flow char-
acteristics injectable grafts are further diluted. As a 
result the injected grafting material can easily glide 
between the Schneiderian membrane and the sinus 
floor without causing pain or injury [25].
For clinical purposes prolonged storage of such 
ready-to-use injectable bone substitute materials is 
mandatory. A neutral pH is the best solution for this 
requirement [25,26]. Their fluidity and adaptability to 
the host tissue is another mandatory requirement. 
Thus, it can be speculated that the hyper dense view 
of the Schneiderian membrane is a result of the in-
creased concentration of the bone substitute macro-
molecules adapting fast to the membrane as a result 
of their fluidity. Sinus membrane integrity is essential 

for the success of the transcrestal sinus augmenta-
tion. Membrane perforations occur in 0-21.4% of the 
transcrestal procedures [27-28]. Ruling out in such 
cases is mandatory since there is very limited possi-
bility to repair such tears jeopardizing the entire hy-
draulic elevation procedure. A clinical option is doing 
a valsalva maneuver and observing the osteotomy 
site that no air bubbles are coming out during the 
maneuver. A dental CBCT provides conclusive post 
op information about such a perforation either by 
following the white hyperdense membrane line or 
making sure there is no dislodged graft material in 
the sinus beyond the Schneiderian membrane.
Injectable bone substitutes affect sedimentation - 
the creation of precipitation layers according to the 
law of gravity [24-26]. This is the explanation for the 
4 layers noted on CBCT – residual alveolar ridge, 
injectable bone graft, water and blood, air. This ar-
rangement allows us to assure the intimate contact 
of the graft to the native bone permitting good graft 
consolidation. On the other hand, this finding should 
also raise the question of whether studies concerning 
bone resorption along time represent true resorption 
or are merely an expression of water and air content 
disappearance. Such questions should be taken in 
consideration in future studies allowing us to bet-
ter understand the resorptive processes following 
sinus augmentation [29-31]. The graft consolidation 
gradient is a term describing new bone formation on 
the one hand vs. bone substitute disappearance.[33] 
Since we are talking about a gradient, both phenom-
ena are evaluated as a function of  the distance from 
either the host bone or the implant. Behavior close to 
the host bone will teach us concerning the new vol-

 Figure 2a.  Preoperative CT demonstrating slight thickening of the 
Schneiderian membrane

 Figure 2b.  Postperative CT demonstrating moderate thickening of the 
Schneiderian membrane
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 Figure 3.  Immediate postoperative view of multiple implant placement  Figure 4.  Immediate postoperative view of multiple implant placement

ume consolidation while close to the implant – con-
cerning osseointegration. Injectable grafts are fast 
resorbing materials [32]. It is known that such materi-
als disappear relatively fast from both sites allowing 
new bone formation. Therefore, we should dedicate 
all our efforts to exposing the palatal site and elevat-
ing the sinus membrane. Otherwise, the palatal part 
of the bone will not participate in the formation of 
new bone. As a result, lower new bone quantity and 
quality will be formed, lowering the biomechanical 
abilities of the inserted new implants to withstand 
occlusal forces [33]. Neverthless, there are reports in 
the literature that just tenting of the Schneiderian 
membrane without bone graft may be sufficient in 
order to create new bone under the elevated and 
separated from the sinus floor Schneiderian mem-
brane. Probably blood clot is transformed into bone 
in that situation [34]. Due to Pascal's law it is difficult 
to obtain complete control of the membrane eleva-
tion. Water will search the lowest resistant point to 
detach the membrane from the sinus floor [35,36]. 
Therefore, if we have any doubt it is better to use 
more fluid for elevation, to allow bony exposure and 
better fluidity of the bone grafting material.
While membrane thickness in humans ranges from 
24-350µm with a mean of 40 µm, in animals it rang-
es 68-318 µm [37].Animal model studies led to the 
wrong conclusion that the Schneiderian membrane 
is elastic and responds to pressure like a balloon. The 
present study clearly shows that the "balloon" be-
havior is rather the exception than the rule. The more 
frequently seen behavior is plastic, obtaining any 

possible shape. This is one more reason why there 
are fewer chances for tearing the membrane during 
elevation with the hydraulic technique vs. the bal-
loon technique. 
Hydraulic sinus elevation is not a new idea. Sinus en-
doscopy maybe an additional (albeit invasive) tech-
nique to assure lack of sinus membrane perforation. 
CBCT is probably more precise but involves X-ray 
exposure. An additional disadvantage is the inability 
to detect small rupture immediately after surgery. A 
long-time comparative randomized study can give us 
more precise information. 

5. Conclusion
Dental CBCT is considered the gold standard for sinus 
diagnosis and surgical planning of sinus augmenta-
tion. The present study suggests that CBCT should 
also be the gold standard for immediate or early 
postoperative imaging, following transcrestal sinus 
augmentation, using minimally invasive implant de-
vice, to document post grafting conditions and allow 
early intervention in failures.
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IMMEDIATE/EARLY RADIOLOGICAL FINDINGS FOLLOWING TRANSCRESTAL SINUS AUGMENTATION USING A 
MINIMALLY INVASIVE IMPLANT DEVICE

Questions 
1. How many layers were noted postoperatively?
qa. 1;
qb. 2;
qc. 3;
qd. 4.

2. Perforations can be noted easily in the postop CBCT:
qa. Yes;
qb. No;
qc. It is not possible to see perforations on CBCT;
qd. Resorbable collagen membranes should always be placed on the Schneiderian membrane.

3. The Schneiderian membrane always appears as a balloon following sinus elevation:
qa. Yes;
qb. No;
qc. It is not possible to see the Schneiderian membrane on CBCT;
qd. Only if you use a balloon for sinus elevation.

4. The 4 layers are best noted in cases of :
qa. Single implant;
qb. Multiple implants;
qc. Not relevant;
qd. Similar.
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