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ABSTRACT

INTRODUCTION: Rehabilitation of the maxilla using implants is frequently problematic because of the pneumatization of the maxillary
sinus into the alveolar ridge. When only a few millimeters of augmentation are needed in conjunction with simultaneous implant placement,
an indirect sinus lift is effective. This study describes transcrestal sinus lift using the sinus balloon technique and DASK (Dentium Advanced
Sinus Kit) drills for implant placement in patients with an atrophic maxillary posterior area with synthetic bone graft, to evaluate the bone
height achieved and the implant success rate.

OBJECTIVES: To evaluate clinically and radiographically the simultaneous implant placement and grafting with synthetic bone graft after
Schneiderian membrane elevation using the maxillary sinus balloon technique and DASK drills.

MATERIALS AND METHODS A total of 13 patients with missing posterior maxillary teeth (premolars or molars) and with limited bone
height below the floor of the maxillary sinus received an implant and grafting with synthetic bone graft after maxillary sinus lifting using a
maxillary sinus balloon technique and DASK drills.

RESULTS: Cone beam computerized tomography 6 months postoperatively showed statistically significant. increase in bone height and
density. The mean preoperative vertical bone height value was(5.97 £ 1.17 mm), while the mean 6 months postoperative vertical bone height
value was (10.45 + 1.56 mm). The mean preoperative implant bone density value was (349.6 + 1265.9 HU), while the mean postoperative
implant bone density was (771.1 + 239.1 HU).

CONCLUSIONS: Sinus balloon and DASK drills are an acceptable tool for indirect sinus lifting with simultaneous implant placement.
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INTRODUCTION

In the maxillary _posterior region, the residual ridge
resorption is accompanied by pneumatization of the
maxillary sinus. This leads to lack of adequate bone height,
and implant placement without bone regeneration is not
possible. Implant stability. is also higher-in the mandible
than in the maxilla, which further causes unfavorable
conditions for implant placement (1).

Transcrestal sinus lift using the maxillary sinus balloon
technique is based on the osteotome transcrestal procedure
described by Summers in 1998 (2). The advantage of the
balloon technique is that it can be used in the presence of 3
mm or more of residual bone (3), while conventional
transcrestal lift using osteotomes requires a minimum of 6
mm of residual crestal bone (4). This is because sinus lift
with osteotomes affords a height gain of 3+0.8 mm (5),
while the balloon technique can afford sinus membrane
elevations of up to 10 mm (6).

Muronoi et al. in 2003 (7), and Soltan and Smiler in
2005 (8) described the use of the sinus balloon indirect
sinus lift, placing it through a window in the lateral sinus
wall. Kfir et al. in 2006 (9) described transcrestal sinus lift
using the sinus balloon technique, placing bone grafts and
dental implants in the same surgical step. Other authors
such as Hu et al in 2009 (10) have also used this technique
to place implants in the same step as transcrestal sinus lift.

The use of a sinus balloon has three major advantages:
a low risk of perforation of the sinus membrane even in
anatomically complex conditions, a low incidence of
infection and bleeding, and a shorter operating time (7).
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The most common problems encountered during a direct
sinus elevation procedure include the presence of septa or
the perforation of the membrane. Septae in the maxillary
sinus. are more commonly seen in partially edentulous
patients than in dentate and completely edentulous patients.
In addition, the location of septae in the maxillary sinus is
more frequent in the middle region (11).

The use of graft materials in the bone defects prevents
hematoma formation and acts as a scaffold and promotes
bone formation. The degradation of these bone substitutes
is necessary as they are ultimate to be replaced by newly
formed bone. Resorbable ceramics act as temporary space
fillers or scaffolds for new tissue to develop. Natural tissue
reconstruction occurs simultaneously with resorption (12).

Therefore, the present study was designed to evaluate
clinically and radiographically the simultaneous implant
placement and grafting with synthetic bone graft after
Schneiderian membrane elevation using the maxillary sinus
balloon technique and DASK (Dentium Advanced Sinus
Kit) drills.

MATERIALS AND METHODS

Informed consent

Appropriate institutional ethical clearance from the Faculty
Ethical Committee and written informed consent from the
patients were obtained. All patients were informed about
the aim of the designed study.

Patient selection and evaluation

The study was conducted on 13 patients having resorption
of the posterior maxillary ridges where sinus lifting was
performed with the use of DASK drills and the sinus
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balloon technique. Thirteen patients were selected from the
Outpatient Clinic of Oral and Maxillofacial Surgery
Department, Faculty of Dentistry, Alexandria University.

The inclusion criteria of this study were: patients
between 20 to 50 years having residual alveolar bone height
between 4-8 mm at the edentulous posterior maxillary
region, adequate ridge diameter, inter-arch space and inter-
occlusal space to accommodate implants, abutments and
the future prosthesis, free from any sinus pathosis after ear,
nose and throat (ENT) consultation, adequate oral hygiene
and patients psychologically accepting to participate in the
study. While the exclusion criteria were: patients suffering
from acute sinusitis, long-standing nasal obstruction,
relevant uncontrolled systemic and/or metabolic diseases,
immunosuppressive and/or autoimmune diseases, history
of radiotherapy or chemotherapy, heavy smokers and
parafunctional habits.

MATERIALS

1. Dentium super line implant system (SuperLine dental
implant,#214, 501 Gyeonggi R&DB Center, 105
Gwanggyo-ro) is a titanium implant with rounded apex
consisting of the internal hex part to be coupled to the
superstructure and the tapered Hybrid Double Thread™
part to be fixed to the bone.

2. The dentium sinus lift balloon (Dentium sinus balloon,
#214, 501 Gyeonggi R&DB Center, 105 Gwanggyo-ro,
Yeongtong-gu, Suwon-si, Gyeonggi-do, Korea) was
developed to gently elevate the Schneiderian membrane
with minimum trauma and without the use of sharp
instruments. The apparatus is a pneumatic device
consisting of a 5 ml syringe, polyvinyl chloride (pvc)
tubing, with a tip connected to a latex mini balloon with
an inflation capacity of approximately 5 cm3.

3.GUIDOR calc-i-0ss CRYSTAL (GUIDOR® calc-i-
0ss CLASSIC, Route de. Pallatex 15, 1163 Etoy,
Switzerland) consists of a biphasic calcium phosphate
(BCP) compound formed in the ratio 60% Hydroxyapatite
and 40% phase-pure B-tri calcium phosphate (3-TCP). The
material is 100% alloplastic with no elements of animal or
human origin. Macropores provide space for
vascularization and bone regeneration. Open micropores
of GUIDOR calc-i-oss CRYSTAL allow for optimal fluid
circulation.

4.DASK drill #1 A 3.3-mm-diameter and DASK drill #2
A3.8 mm diameter (Dentium Advanced Sinus Kit,#214,
501 Gyeonggi R&DB Center, 105 Gwanggyo-ro,
Yeongtong-gu, Suwon-si, Gyeonggi-do, Korea): crestal
approach drills was used to eliminate the remaining bone
below the sinus floor, Using minimal pressure to guide the
drill apically.

Preoperative phase

The preoperative clinical examination was performed for
all patients: Patients data were collected; name, gender,
age, medical and dental history were taken and the oral
mucosa of the edentulous area was examined for color,
texture, firmness and thickness. All patients were clinically
examined by ear nose and throat (ENT) specialist. Also,
preoperative evaluation for all patients included panoramic
x-ray and cone beam computerized tomography (CBCT),
to evaluate the residual ridge height and width, the anatomy
of the maxillary sinus, and for virtual treatment planning,
as shown in (Figure 1).
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Figure (1): Preoperative CBCT (coronal cut) showing
maxillary posterior alveolar ridge height and width.

Surgical procedure
All patients were operated under local anesthesia using
articaine hydrochloride 4% and levonordefrin 1:100,000
(Septanest; Septodont, France). The oral cavity was
prepared by 0.12% chlorhexidine mouth rinses solution for
thirty seconds (Hexitol: Chlorhexidine 125mg/100ml,
concentration 0.125%: Arabic drug company, ADCO) to
render the surgical field free from microorganisms. The
preformed surgical template was checked for proper
seating. Full thickness incision down to the bone with blade
no.15, 2 to 3 mm on the palatal side of the crest of the ridge.
A sharp end periosteal elevator was used to perform
mucoperiosteal flap and gentle elevation of the flap. The
puncture of the bony sinus floor was performed with a
customized drilling sequence according to manufacture
instructions to the preplanned depth 1 mm away from the
Schneiderian-membrane, as shown in (Figure 2).

Figure (2): Showing osteotomy site for implant placement.

The remaining subantral bone of 1 mm was removed
using DASK drill of the appropriate size and the sinus floor
was carefully approached under light apical pressure, as
shown in (Figure 3). When the sinus floor was yielded, the
drill was removed. Before placing the sinus balloon within
the bone bed, correct functioning of the balloon was
checked by insufflating it several times. The balloon was
inserted in the subantral space, performing progressive,
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slow and controlled insufflations with saline solution, as
shown in (Figure 4). The sinus floor was carefully
separated from the Schneiderian membrane using the latex
balloon fitted to a catheter used to insufflate the balloon.
The sinus balloon was removed from the mouth. The
integrity of the sinus membrane was confirmed by asking
the patient to blow through the nose after pinching the
nostrils, and looking for mist on the mirror. The grafting
material (GIDOR calc-i-oss CRYSTAL) of 0.25 ml was
introduced using bone graft applicator and pressed into
each implant site. The selected implant was carried using
the corresponding connector pin and placed into osteotomy
site, then threaded using the ratchet wrench. A titanium
cover screw supplied with the implant was inserted on the
implant with the use of implant screw driver then the flap
closed with interrupted sutures, using 3/0 black silk
suturing material.

Postoperative phase

All patients were advised to; apply cold packs extra orally
intermittently and avoid hot food on the first day, avoid
eating hard food at the surgical site, chlorhexidine mouth
rinse was started on the 2nd post-operative day 3 times
daily for 10 weeks. Also patients were instructed to avoid
sneezing, nose blowing or other actions that might create
high intranasal pressure or vacuum, to avoid drinking with
straws for a week and not to wear any prosthesis over the
surgical site for at least one week after surgery to reduce
the risk of wound dehiscence. Sutures.were removed one
week after surgery.

Postoperative administration of a broad spectrum
antibiotic Amoxicillin 875 mg + Clavulanic acid 125 mg
tablets (Augmentin 1 gm SmitKhline Beecham
Pharmaceutical Co., Bentford, England) every 12 hours for
7 days to avoid post-operative infection. Non-steroidal anti-
inflammatory analgesic in the form of diclofenac potassium
50 mg tablets (Cataflam 50 mg tablets, Novartis Pharma
AG, Basle, Switzerland) every 8 hours for 7-10 days to
avoid the possibility of inflammation, oedema and pain.
Ephedrine nasal drops (Otrivin spray/nasal-Drops 10 ml,
Novartis Pharma AG, Basle, Switzerland) 3-5 times daily
for 5 days.

Follow up phase

All  patients were  examined two weeks
postoperatively, then after 6 months postoperatively. The
clinical parameters of importance for the determination of
implant success included: Absence of pain, tenderness,
discomfort, wound dehiscence, implant mobility or any
other complications related to the sinus lifting or implant
placement. Pain and discomfort were. examined using
visual analogue scale (VAS) (13). Edema was evaluated by
its ability to pit according to visual descriptor scale (14).
Immediate cone beam computed tomography (CBCT) was
obtained to evaluate the accuracy of implant placement, as
shown in (Figure 5).

CBCT was obtained 6 months postoperatively for all
patients to measure bone density and the amount of vertical
height gained, as shown in (Figure 6).
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e
Figure (3): (A) Showing removal of the residual subantral
bone using DASK drill. (B)DASK drill #1mounted on
cotra-angled handpiece.

Figure (4): (A) Showing the sinus membrane elevation
using the antral membrane balloon. (B) Showing the antral
membrane elevation balloon.

Figure (5): Immediate postoperative CBCT (coronal cut)
to evaluate the surgical procedure and implant placement

Figure (6): CBCT 6 months postoperative (coronal cut)
showing new bone formation.
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CBCT measurements were performed using On
Diamond 3D App-DBM software system (Cybernet,
Korea) where the bone height could be measured in mm
and through which the bone density is calculated directly in
HU.

Prosthetic phase

Definitive porcelain fused to metal restorations were
delivered to all patients at the 6th postoperative month.
Statistical analysis of the data (15)

Data were fed to the computer and analyzed using IBM
SPSS software (Package version 20.0. IBM Corporation,
New Orchard Road, Armonk, New York, United States).
Quantitative data were described using range (minimum
and maximum), mean, standard deviation and median. The
distributions of quantitative variables were tested for
normality using Kolmogorov-Smirnov test. If it reveals
normal data distribution, parametric tests were applied. If
the data were abnormally distributed, non-parametric tests
were used. For abnormally distributed data, a comparison
between two independent population was done using Mann
Whitney. The significance of the obtained results was
judged at the 5% level.

RESULTS

In this study, fourteen sinus floor augmentations were
performed on thirteen patients. The selected patients were
3 males and 10 females, and their age ranged from 23-47
years with a mean age of 35.92 + 8.61 years.

Regarding the location of the implant — implants were
inserted in the maxillary second premolar spaces and. the
maxillary first molar spaces.

Fourteen implants were placed; 4 mm diameter x8 mm
length were placed in two patients,4 mm diameter x10 mm
length were placed. in six patients, 4 mm diameter x12 mm
length were placed in two patients, 5 mm diameter x10 mm
length were placed in three patients and 5 mm diameter x12
mm length was placed in one patient. All patients were
followed up both clinically and radiographically for 6
months.

Only one patient was showing positive Valsalva
maneuver (16) with appearing of mist on the' mirror without
air bubbles. In this case implant treatment was completed
without bone augmentation, sa that the case was excluded
from results.

The mean height of the alveolar ridge from the marginal
crest to the floor of the maxillary sinus was 5.97 + 1.17 mm
(Range: 4.35 — 7.67 mm).
linical evaluation
1.Pain
Pain was evaluated for two weeks. After surgery, five
patient experienced mild pain (VAS=2-4) and three
patients experienced moderate pain (VAS=5-7) at surgical
site for 1-3 days duration.
2.Edema
Four patients suffered from trace oedema, which subsided
totally by the 2nd post-operative day, while two patients
suffered from mild oedema which lasted for 4 days.

3. Post-operative complications

No post-operative complications were recorded regarding
infection, wound dehiscence or maxillary sinus
involvement in the early follow-up period. Only one patient
showed positive Valsalva maneuver with appearing of mist
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on the mirror without air bubbles. In this case, implant
treatment was completed without bone

augmentation, so that the case was excluded from results.
Il. Radiographic evaluation

CBCT 6 months postoperatively showed statistically
significant increase in bone height and density. The mean
value of newly formed bone height (4.48 + 1.06 mm). The
mean postoperative bone height measured from the floor of
the maxillary sinus and alveolar crest was (10.45 + 1.56
mm) with a range from 7.64 — 13.15 mm. A significant
change was indicated compared to the preoperative bone
height, with a mean percentage of change of 77.77 *
22.76%, as shown in (Table 1).

Table (1): .Comparison between preoperative and 6 months
postoperative residual bone height.

Residual
bone height
(mm)

Preoperative
(n=13)

After 6 Month
(n=13)

Min. - 4.35_767 7.64-13.15
Max.

g/lsan * 597+ 117 10.45 + 1.56 15.190

Median 5.82 10.38

Diff. 448 +£1.06

% 177.77 £ 22:76
Change

t, p: tand p values for Paired t-test for comparing between
preoperative and after 6 month
*: Statistically significant at p < 0.05

The mean preoperative bone density was 349.6 + 126.9
HU and ranged from 188 — 572.3 HU. The mean
postoperative bone density around the implants after 6
month was (771.1 £ 239.1 HU) and ranged from (403.3 —
1205.8 HU), which changed significantly compared to the
preoperative bone density, with a mean percentage of
change 127.4 + 36.96 %, as shown in (Table 2).

Table (2): Comparison between preoperative and 6 months
postoperative bone density around implants.

Preoperative After 6 Month
(n=13) (n=13)

188.0-572.3 403.3 - 1205.8

3496+1269 | (/112391

302.9 767.2

421.56 +141.18

1127.4 £39.96

t, p: tand p values for Paired t-test for comparing between
preoperative and postoperative
*: Statistically significant at p < 0.05
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DISCUSSION

This present study was conducted on 13 patients in need for
implant placement for their lost posterior maxillary teeth
(premolars and molars) with limited bone height below the
floor of the maxillary sinus received an implant and grafted
with synthetic bone graft after sinus lifting using the sinus
balloon technique and Dask system. They were selected
from the Outpatient Clinic of the Oral and Maxillofacial
Surgery Department, Faculty of Dentistry, Alexandria
University. In this study, twelve patients needed single
implants. While one patient needed two implants and
grafted with synthetic bone graft after sinus lifting in the
second premolar and first molar area.

All patients in the current study were non-smokers.

Clementini et al. in 2014 (17) concluded that exposure to
smoking has a harmful effect on the peri-implant bone loss
that eventually leads to implant failure.
All cases in the present study were selected free from
parafunctional habits such as bruxism and clenching, which
increase the magnitude of the forces. In such patients, the
duration of the forces are extensive and their direction is
more horizontal than axial to the implants, which leads to
mechanical complications and failure of implants (18).

Patient candidates for sinus floor elevation were
carefully assessed by means of case-history collection,
complete ENT evaluation with nasal fiberoptic endoscopy
and CBCT to be free from any sinus pathosis. This is in
agreement with a study conducted by Torretta etal. in 2013
(19), this recommended that a .careful multi-tasking
preoperative management, including an ENT assessment is
useful in patients undergoing sinus membrane elevation to
obtain favourable results.

Various imaging options are available for the evaluation
of the recipient site. In the present study, panoramic
radiographs and CBCT were taken for each patient. These
standardized radiographs were taken immediately post-
operative and on 6th months follow-up period to measure
the marginal bone level and to detect the changes in bone
density surrounding dental implants.

In this study, CBCT was performed for all patients pre-
operatively. Corresponding to the studies conducted by
Cassetta et al. in 2013 (20) and Bornstein et al. in 2014
(21), they reported that the use of \CBCT in implant
dentistry vary from preoperative analysis regarding specific
anatomic considerations, site development using grafts and
treatment planning to postoperative evaluation. Along with,
lower radiation dose, reduced costs and the relative grey
density values of CBCT images making it a useful
substitute for computerized tomography (CT).(22, 23).

The choice of the crestal approach in this study was due
to its many advantages in comparison with the lateral
approach. First of all, the crestal approach is less aggressive
than the lateral approach. Second, the crestal approach is a
relatively easier procedure and requires less time for wound
healing (24). The main indication of this procedure is the
minimally invasive implant treatment single missing tooth
in the posterior area of the maxilla with inadequate alveolar
bone height, where the conventional lateral approach to
augment the sinus with its postoperative morbidity,
discomfort, and increased treatment costs would not be
required for these patients (25).

The use of thin-out procedure during the sinus
augmentation using a diamond drills (DASAK system)
reduced the possible intraoperative and postoperative
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complications. It is safer in cutting, reliable and reduced
patient discomfort. These were similar to study reported by
Wallace et al. in 2012 (26).

The perforation of the Schneiderian membrane is one of
the most frequent intraoperative complication of sinus lift
procedures (27). A problem of the transcrstal sinus lift
technique is that membrane perforation occurring during
surgery cannot be detected with sufficient reliability,
because the membrane was not observable through the
access hole during surgery.

In the present study, we used Valsalva maneuver to
ensure absence of membrane perforation. Perforation was
indicated when air bubbles were found or mist appears on
the mirror .in front of the osteotomy site were found.
Valsalvamaneuver revealed sinus membrane rupture in one
of the patients.. In this patient, the size of the perforations
occurring  during. careful displacement of the sinus
membrane can be assumed to be small due to the absence
of air bubbles and appearance of only mist on the mirror.

This is in agreement with the study of Gabbert et al. in
2009 (28) which was reported that minor perforations do
not usually need treatment, because the membrane folds on
itself_during the elevation in this study, so implant
treatment. was completed. Several clinical studies also
reported that perforation during the transcrestal sinus lifting
procedure was not a risk factor for implant survival no
complications for.implants penetrating the maxillary sinus
or the nasal cavity were reported (29-33).

In this case, bone graft augmentation was excluded to
prevent Graft dislodgement into the sinus. Schwartz-Arad
et al. in 2004 (34) reported that membrane perforations
could lead to the infiltration of the particulate graft material
inside the sinus and subsequently to inflammation.

In the present study, CBCT obtained 6 months after
surgery revealed sufficient newly formed bone in all treated
cases. The new bone showed adaptation in shape and
volume with the maxillary sinus with a decreased noted
visibility of the original sinus floor. The apex of the
implants remained surrounded with bone radiographically.
This indicated the stability of the newly formed bone and
bone maturation. The sinus membrane is maintained
elevated and the bone gained is preserved. In addition, the
density of the new bone formed around the implants was
significant at 6 post-operative months.

In this study, the mean original bone height was 5.97 +
1.17 mm preoperatively. Six months after sinus floor
augmentation, the mean alveolar bone gain was 10.45 *
1.56 mm. Thus, the final bone gain was in the range of
403.3 — 1205.8 mm. At 6 months the increase in vertical
bone height was found to be statistically significant (p-
value < 0.001). The advantage of the balloon technique is
that it can be applied to alveolar crests measuring 3 mm or
less (3), in contrast to the classical indirect technique with
osteotomes, where the minimum acceptable crest height is
6 mm (4). This is because sinus lift with osteotomes affords
a height gain of 3 £ 0.8 mm (5), while the balloon technique
can afford sinus membrane elevations of up to 10 mm (6).

Similar results were obtained by Kfir et al. in 2009 (35),
in a multicenter study of 112 patients subjected to
transcrestal sinus lift using the sinus balloon technique, in
which the mean remaining crest height was 3.8 + 2.1 mm.
The mean gain in height after the operation was 8.7 mm,
allowing implant placement in the same surgical step.
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The mean bone density of the newly formed bone
values was recorded at 6 months postoperatively in
Hounsfield unit (HU). The bone density value was found to
be 771.1 + 239.1 HU. At 6 months the increase in the bone
density was found to be statistically significant (p-value <
0.001). This contributes to the fact that biphasic calcium
phosphate crystals are biocompatible, osteoconductive and
partially resorbable. The beta-TCP portion is resorbed,
while the hydroxyapatite portion remains as a stable,
porous scaffold embedded in bone for long-term volume
preservation (36).

In the current study implant loading was performed at 6
months postoperatively this is following a study that was
conducted by Kim et al. in 2011 (37) to compare the
survival rate and surrounding tissue condition of sinus bone
grafts with simultaneous implant placement between 4-
month and 6-month occlusal loading after implantation,
and concluded that the cases in which the residual bone was
>3mm and primary implant stability could be obtained
loading is possible 4 months after the sinus bone graft and
simultaneous implant placement with no significance
compared to 6 month loading in implant stability.

The cumulative treatment time is reduced due to.the
combined approach of the grafting procedure with
immediate implant placement (the same healing period for
both procedures). Reducing the total treatment time
minimizes the number of surgical procedures, the pain
medications required post-surgically and recovery time,
resulting in reducing the total cost of treatment for the
patient.

CONCLUSION

Transcrestal sinus lift using the sinus balloon technique has
been a highly successful, predictable and minimally
invasive procedure.,
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