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Abstract
Objective: The aim of this study was to compare the lateral
window and osteotome techniques for sinus liftisgng histological and histo-
morphometric methods.
Materials and Methods: In this clinical trial 10 patients (a total numhsrl4 si-
nusareas) who needed implant treatment in the atropbsterior maxilla wel
enrolled. In all the cases the residual bone hdighween the sinus floor and
alveolar crest was less than 5 mm. Sinus augmentatas performed. The treat-
ment modality for a given residual bone height wakected randomly and Bio-
Oss was applied in all the cases as the graft rahté&fter a healing period
about 10 months, in all the cases, the implantgw&xced and biopsies of alveo-
lar crestal bone were obtained la¢ same time; biopsy specimens were eval
using histological and histomorphometric methodishér’'s exact and Mann-
Whitney U tests were used to compare distributioveciables in the two groug
Statistical significance was defined at P<0.05.
Results: The new bone was located in direct contact withbileenaterial withot
any gaps. This viable bone consisted of lacunataung osteocytes. Infiltratic
of inflammatory cells did not exhibit any signifitadifferences between the t
techniques. Foreign body reaction was not obseirvethy cases. Histomorpho-
® Corresponding author: metric evaluations demonstrated that The mean salfithe new bone in the lat-
AR. Rokn, Dental Implant | €ral window and osteotome techniques were 30+6d02&n2+5.2, respective
Research Center, Depart} With no significant differences betwedme two groups.. Moreover, the aver
ment of  Periodontics,| quantity of residual biomaterial and connectivesues were similar for the tv
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osteotome techniques were the same.
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INTRODUCTION maxilla due to poor bone quality and quantity.
In most cases, standard techniques of implaimisufficient bone volume as a result of maxil-
placement cannot be applied in the posteritary sinus enlargement leads to a decrease in
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bone height in the posterior area. Various vetact area, which leads to more primary stability
tical bone augmentation procedures have befn?9].

introduced to date [1]. The most commomMoreover, it has been noted that accessing the
technique for elevating the sinus floor is theinus from the crestal zone requires a smaller
lateral window technique first introduced bysocket, which has a much shorter healing pe-
Tatum in 1977 and then published by Boyngod [9]. Numerous clinical investigations have
and James in 1980 [2]. The long-term succebgen carried out to compare osteotome with
of this technique has been reported even witateral window techniques with immediate and
the use of different types of graft materials andelayed implant placements for sinus lifting
implants [3]. [1,4,11-17].

In 1994, Summers introduced a new techniqu#¢owever, in the author’s review of literature,
for elevating the sinus floor with the use oho histological study comparing these two
special instruments called osteotomes. In thischniques can be found.

technique, the schneiderian membrankfted The effect of the osteotome technique on the
from the alveolar crest by applying an ostediealing process has been poorly understood.
tome. Application of graft materials decreaseldere the question is whether or not the force
the risk of membrane perforation [4]. and the temperature produced by tapping of
Both the above-mentioned techniques can biee osteotome with the surgical mallet have
applied in one- or two-stage protocols. Howany effects on factors such as the healing
ever, the height of the residual bone is a factprocess, quantity of the new bone and severity
which determines the protocol that should bef inflammation in the surgical zone. The os-
applied. If the residual bone height is moréeotome technigque is more convenient com-
than 5 mm and primary stability of the implanpared to the conventional technique due to the
is achievable, one-stage protocol is adopteiimplicity of application, less post-surgical
and sinus lifting is implemented at the sameomplications and the shorter healing period.
time as the implant placement; otherwise, it idowever, it is obvious that in order to confirm
essential to use the delayed approach and placel validate the benefits of applying the osteo-
the implants after the healing period [1,3]Jtome technique as an alternative to the conven-
Based on the results of studies on sinus augpnal technique (lateral window), it is essen-
mentation techniques, the osteotome techniqtial for the comparative histological evalua-
is a predictable and efficacious technique fdrons of the two methods to demonstrate simi-
simultaneous or delayed implant placemetdr results. Such a comparative study has not
[1,5-7]. yet been conducted [9,12,15].

In this technique, the average amount of sindhe aim of this study was to evaluate and
lifting has been reported to be 4.4+0.2 mmompare the osteotome and lateral window
without bone grafting [8] and 3-7 mm withtechniques using histological and histomor-
bone graft materials [2]. phometric methods in patients with less than 5
Studies have shown that the crestal methadm of posterior maxillary alveolar residual
using an osteotome in comparison to the cobene, who were referred to the Dental Implant
ventional technique (lateral window) is lesResearch Center of Tehran University of Med-
invasive and has some advantages includingcal Sciences.

shorter surgical duration and minimum post-

surgical complications [5,9,10]. FurthermoreMATERIALSAND METHODS

in the osteotome technique it is possible tm this research, which was a second-phase
condense the weak maxillary bone (bone types$inical trial (pilot) without blinding, 10 pa-

3 and 4) and increase the implant-to-bone cotients (six females and four males) were se-
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lected from patients needing implant treatmefirane from the inferior edge of the osteotomy
in the maxillary posterior region who were reregion and pushed the membrane upward. The
ferred to the Implant Department of Tehrasinus membrane was carefully separated from
University of Medical Sciences, School othe inner and inferior walls. At the same time,
Dentistry. The selected patients suffered froitihe external wall was pushed inward and up-
severe atrophy in the posterior area; conserard to form a new horizontal ceiling for the
guently, the application of conventional mespace created. Care was exercised not to perfo-
thods for implant placement was impossibleate the membrane; however, in the cases of
In all the cases, the maximum bone height bperforation a resorbable collagen membrane
tween the sinus floor and the crestal bone wéBiogide Geistlish Pharma AG/Wolhousen,
less than 5 mm. Uncontrollable systemic disSwitzerland) was applied to cover the hole.
eases such as diabetes, acute sinus infectiohlse graft material (Bio-Oss) was mixed with
chemotherapy within 12 months before sumormal saline solution and packed gently into
gery, radiotherapy of more than 5000 rads itme sinus in order to completely fill the cavity
the head and neck region and psychologicalith bone substitute material and achieve the
problems were listed as the excluding criteriadesired bone height. Next, a resorbable mem-
To evaluate the residual bone height, radid®rane (Biogide) was placed on the outer sur-
graphs such as CT or CBCT were applied. Aface of the window and the flap was sutured as
the patients were informed about the surgical primary closure.
procedure and its complications. It was essem the second group, the sinus floor elevation
tial for the patients to complete the consemrocedure was performed by applying the os-
form for participating in this study. The studyteotome technique. In this technique, the buc-
protocol was approved by the Ethics Commital and palatal mucoperiosteal flaps were pre-
tee of Tehran University of Medical Sciences.pared by means of a crestal incision and the
alveolar ridge was exposed after reflecting the
Surgical Procedure flap. Site positioning was marked using a
Prophylactic antibiotics, 2 gr of amoxicillin orsmall bur on the alveolar ridge and the osteot-
600 mgr of clindamycin were prescribed onemy sites were prepared independently and
or two hours before the surgery. Chlorhexidinseparately relevant to the ultimate number of
mouthwash (0.2% for 2 minutes) was applietnplants. The approximate location of the si-
just before the surgery. Natural randomizationus membrane was determined based on initial
was performed to divide the patients into twoadiographs. By applying a two-millimeter
groups so that in cases with 1-2 mm of resiwist drill, the osteotomyvas preparedo that
dual bone height, the lateral technique wake distance between the bottom of the osteot-
adopted and in patients with 3-4 mm of bonemy and the sinus floor was approximately
height the osteotome technique was applied. h5-1.5 mm. The diameters of the osteotomy
both methods, Bio-Oss (Geistlish Pharmwere gradually increased, using a combination
AG/Wolhousen, Switzerland) was used as th& different drills and scaled osteotomes (ITI-
graft material. Straumann) and osteotomy sites were prepared
In the lateral technique, the lateral wall of that a distance of 0.5-1.5 mm away from the si-
sinus was exposed by performing a crestal inus floor. The sinus floor was fractured with
cision and a mucoperiosteal flap. A bony winthe final osteotome with the same diameter as
dow was created by applying a round buthe final drill. The odds of sinus perforations
When the bony window became removablayere assessed using Valsalva maneuver im-
the surgeon started to separate the sinus mamediately after fracturing the sinus floor. In
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case of sinus membrane perforation, the suren. After completion of the decalcification
gical method was converted to the lateral wirprocess, the cylindrical specimens were cut
dow technique and the site was covered withlangitudinally along their axial direction and
resorbable collagen membrane (Biogide). Idivided into two equal parts.
the absence of perforation, graft material (BioFhe specimens were prepared for staining and
Oss) was placed in a multiple-step proceduraicroscopic sections using the conventional
in the osteotomy site and packed with an osaethod. In this method, the specimens are
teotome. Graft material elevated the intact splaced in various solutions containing different
nus membrane after displacing the sinus floocpncentrations of alcohol and xylene (xilol) in
which was lifted with the final osteotome tathe preparation equipment to be cut and
the desirable height. After filling the cavitystained. After initial paraffinization, half-
completely with bone graft material, the flagylindrical specimens were embedded in pa-
was sutured as a primary closure. raffin blocks from their newly cut surfaces.
In both techniques, the sinus membrane w&bsequently, paraffin-embedded blocks were
elevated to an appropriate level in order teerially sectioned using a microtome device
provide sufficient space for placement of im{Laica, Germany) to produce slices with 5-um
plants with a minimum length of 9 mm. All thethickness. At least five sections of each sample
patients were given 500 mg of amoxicillin, 4vere placed on glass slides and stained by the
times per day for 1 week. Furthermore, an awonventional protocol for hematoxylin and eo-
ti-inflammatory and a nasal decongestant drugin staining (H&E). The slides were studied
were prescribed when required. All the padnder a light microscope (BX51, Olympus,
tients were instructed in how to take care aftdiapan) at x100 magnification (lens number
the sinus graft surgery. Any accidental sinu0).
membrane perforation during the surgery anthe histological parameters evaluated in this
the possible occurrence of any post-surgicatudy included the status of the residual bio-
complications, such as acute infection anchaterial, the amount of the newly formed
bleeding during the healing period were regifone, the amount of connective tissue between
tered. the new bone and the residual biomaterial, the
location of biomaterial in relation to the new
Histological Analysisand Histomorphometry  bone, the lamellar-woven bone ratio, which is
After a 10-month healing period, biopsy spedetermined using polarized microscopy, the
cimens were obtained from the alveolar cresixtent of inflammation in the connective tissue
with a 3-mm trephine bur in all the cases, sand the occurrence of a foreign body reaction.
multaneous with implant placement procePhotographs were taken using a digital camera
dures. It should be noted that histologicaDP72, Olympus, Japan) from the central re-
evaluations were performed by one pathologigion of each slide and assessed by a histologi-
(PM) who was blind to the surgical techniquesal evaluation software (Professional Analysis,
using only coded samples. Germany) to determine and register the area of
Each biopsy was fixed in 10% formalin inthe newly formed bone, the area of the residual
separate containers. After 48 hours, whdnomaterial and the area of connective tissue.
complete fixation was achieved, the fixatioMhe mean value of these measured areas was
solution was replaced with 10% formic acictalculated for 5 slides, which were cut out of
for decalcification. The decalcification procesgach specimen and ascribed to the relevant
lasted for 5 days, during which the acid waspecimen. In addition to bone structure, resi-
renewed daily. The specimens were assessfithl biomaterial and connective tissue, other
every day to evaluate the extent of decalcificdactors such as inflammatory infiltrates and
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foreign body reactions can be identified easilyn one case, the osteotome technique was con-
in these slides. verted to the lateral window technique due to
The inflammatory infiltration was reported agnembrane perforation during the sinus aug-
minor, moderate and severe. Moreover, thmentation procedure.

foreign body reaction was recorded in eachherefore, finally, 5 sinuses were considered
case if observed. The extent of inflammatiom the osteotome group and 9 sinuses in the
was determined based on the number of lyntateral window group. During the ten-month
phocytes existing in the tissue and based dwealing period, no post-surgical complications
the type of inflammation (focal or diffuse in-such as sinus infection or bleeding was re-
flammation). These parameters were assesqmuited. Patients’ demographic data are pre-
in all samples. sented in Table 1.

Statistical Analysis Histological Findings

Data were analyzed based on “per-protocoNewly formed bone around the residual bio-
analysis. The gquantitative parameters were retaterial mass was observed in all the speci-
ported as mean values and standard deviatiangens in both groups.

(Mean + SD) and qualitative parameters werehe new bone was in direct contact with the
presented as crude and relative frequencidsomaterial without any gaps. This viable bone
Comparison of variable distribution betweemronsisted of lacunae containing osteocytes in
the two groups was carried out by Mannall cases. In the osteotome group, 45% and
Whitney U test and Fisher’'s exact test. Stati®b% of the new bone consisted of lamellar

tical significance was defined at P<0.05. bone and woven bone, respectively.
In the lateral window group, the new bone
RESULT consisted of 35% and 65% of lamellar bone

In this study, a total of 14 sinuses in ten pand woven bone, respectively.

tients (bilateral in four cases) were augmentedhe lateral window technique exhibited more
with Bio-Oss. osteoid matrix compared to the osteotome
Lateral window and osteotome techniquetechnique. However, the osteoid matrix ratios
were applied for augmentation in 8 and 6 siwere not significantly different between the
nuses, respectively. two groups.

Tablel. Patient Characteristics in Study Group

Open Closed
(n=9) (n=5)
AGE 529+6.1 53.2+13.4
Gender
Female 5(55.6%) 2(40.0%)
Male 4(44.4%) 3(60.0%)
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The osteoid matrix/total bone ratios were estin the current study, histological and histo-
mated approximately 15% and 10% in the lathorphometric differences of osteotome and
eral window and osteotome techniques, réateral window techniques were evaluated. To
spectively. the best of our knowledge, such a comparative
The values of inflammation parameters as tretudy does not exist in the literature. The ra-
number of inflammatory cells and distributiortionale of the present research was the fact that
patterns are presented in Table 2. The inflant- is essential for a secondary technique to
mation severity was considered as mild. In atlemonstrate similar clinical and histological
the cases, chronic inflammatory cells, includresults similar to the conventional method to
ing lymphocytes, plasma cells and low quantbe regarded as an alternative technique. The
ties of macrophages were observed. No stati®sults of this study did not reveal statistically
tically significant differences were observed irsignificant differences in the amount of new
the number of inflammatory cells between theiable bone between the osteotome (25.2)

two groups and no foreign body reactions wer@nd lateral window (366.0) techniques. Fur-
reported. thermore, the inflammation severity was al-
Histomorphometric evaluation results are prenost similar in both groups without any signif-
sented in Table 3. The mean values of the naeant differences. Therefore, the controlled
bone in the lateral window and osteotom&rce and the temperature produced by tapping
techniques were 3®.0 and 25.25.2, respec- of the osteotome with the surgical mallet did
tively, with no significant differences betweemot affect the healing process and the forma-
the two groups. Moreover, the averagetion of the new bone. In this study, a modified
amounts of residual biomaterial and connesersion of Summers’ osteotome technique was

tive tissue were similar in both groups. applied, in which the osteotome was directly
tapped to the sinus floor without using any in-
DISCUSSION termediategraft material. The reason for ap-

Dental implant placement is often restricted bplication of the modified Summers’ technique
sinus enlargement in the posterior maxillavas to reduce the forces produced by the sur-
Various sinus augmentation techniques hawgcal mallet. Although the risk of membrane
been introduced so far to tackle the problenmperforation is low in Summers’ technique, due
The conventional method for sinus augmentae utilization of graft material as an interme-
tion is the lateral window technique. Howeverdiate layer, severe tapping can be irritating for
the osteotome technique can be regarded aspatients. On the other hand, tactile and audito-
alternative less invasive technique to augment changes associated with sinus floor en-
the sinus floor [13] and to improve bone denscroachment are considered warnings for the
ty and quality [19]. clinicians to change the mallet pressure.

Table 2. Inflammation Results Between Two Technique Groups

Open Closed P-value
(n=9) (n=5)
I nflammation 3 (33.3%) 4 (80.0%) 0.24
Focal 2 (22.3%) 1 (20.0%)
Non-focal 1 (11.1%) 3 (60.0%)
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The clinician's experience and skills are essefleor elevation and simultaneous implant
tial for achieving a controlled fracture withoutplacement and even immediate loading will be
perforation [18]. possible [13]. In the literature review, sinus
Various graft materials have been used for stugmentation using osteotome technique and
nus augmentation. In this study, a deproteimplant placement have been performed si-
nized bovine bone mineral, known as Bio-Ossnultaneously, except for one case report, in
was applied. Since it is necessary to maintawhich only clinical (not histological) evalua-
the space produced by elevating the schneiden of the osteotome technique was carried
rian membrane for the staged implant placeut. In this case report, implants were placed 6
ment, the low resorption rate of Bio-Ossnonths after sinus lifting (staged implant
makes it advantageous as a graft material. placement) due to the insufficient bone height
this study, the implants were placed 10 montlts less than 5 mm from the sinus floor. It is
after sinus augmentation. Bone materialsuggested that in cases with more than 5 mm
which are not resorbable, such as HA, alsaf residual bone height, implants can be placed
function as space maintainers and preserve thienultaneously with the sinus augmentation
space created by elevating the schneiderignocedure. However, if the residual bone
membrane for sinus augmentation [19] andeight is less than 5 mm, staged approach
also prevent the collapse of the schneideriamould be undertaken; otherwise, primary sta-
membrane. bility of the implant might be undermined
There are several studies comparing the effdd,18].

of the techniques adopted for sinus augmenta the present study, a residual bone height of
tion on the clinical outcome of the implants. Iness than 5 mm was one of the including crite-
all the cases, similar success rates have beae therefore, the staged approach was neces-
reported for both lateral window and osteosary. Moreover, a trephine bur was used to col-
tome techniques [12,16]. Crepsi et al. (2010kct biopsy specimens from the alveolar crest
through a three-year study, reported a 100%& the same time as implant placement for his-
survival rate for implants placed after the sinuwlogical evaluations.

floor was elevated using the osteotome techlistomorphometric analysis on rabbits, per-
nique [11]. formed by Nkenke et al. (2002), revealed that
Santagata (2010) suggested that if a seriesagplying the osteotome technique increases
incrementally larger osteotomes were used teew bone formation and enhances osseointe-
achieve improvement of bone density, sinus gration of the dental implants.

Table 3. Output result between two technique groups

Open Closed P- Value
Bone Formation 30+0.6 25.2+5.2 0.30
Residual Material 16.1+12.9 8.6+8.8 0.30
Lymphocyte 0.1+£0.2 0.2+04 0.34
Connective Tissue 83.8+12.9 91.3+8.6 0.30
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They also suggested carrying out the sani&o-Oss in biopsy specimens 9.5 months after
study on humans [20]. sinus augmentation and histological analysis in
According to the literature review conductedhis study revealed that Bio-Oss was in direct
in this study, the only histological study evaeontact with the new bone which consisted of
luating the application of osteotome techniquiemellar and woven bone.

on humans is a case report by Khatibloblis findings were consistent with the observa-
(2011), in which the sinus floor was elevatetions in the current study [22]. In 2008, lezzi
using the osteotome technique and after 4fbserved 122.9% of Bio-Oss and 42.4% of
months, biopsy specimens were obtained at tbene which consisted of 50% lamellar and
same time as the implant placement. Based 68% woven bone after five years. No foreign
histometric analysis the new bone formatiobody reaction was observed in lezzi’s study
was estimated to be 24.8%, while the connesimilar to the present study [23]. However, in
tive tissue and the bone marrow was 79.2%ur study a limited number of osteoclasts were
The results of the current study were slightlpresent.

higher than those reported by Khatibloo. Howin cases of severe atrophic ridge (2 mm or less
ever, the percentages of residual biomaterial bone height) in the posterior maxilla, the os-
Khatibloo’s study and the current study aréeotome technique is not an appropriate treat-
significantly different. As reported by Khatib-ment modality since it is time-consuming with
loo (2011), there was no residual biomateriaklatively less predictable results [13,18].
after 45 months, while the mean value of resFherefore, in the present study, natural rando-
dual biomaterial in the present study wamization was used to divide patients into two
8.6£8.8. This discrepancy might be attributedtudy groups, i.e. the patient's conditions de-
to the different biomaterials used in the twdermined the type of the treatment technique
studies. The material used in Khatibloo’s studgdopted. Lateral window technique was cho-
was BCB, while in the present study Bio-Ossen for patients who had 1-2 mm of residual
was used [14]. Different resorption times havbone height and the osteotome technique was
been reported in various studies. The presenapplied for patients whose residual bone height
of Bio-Oss particles in the graft area in huwas 3-4 mm.

mans was reported by Avera (1997) after 44s the residual bone height does not affect the
months and even after 4 years by Piattehistological outcomes, dividing the patients
1999). Dies (1996) observed that only a limto two study groups based on the natural
mited amount of particles was resorbed afterr@ndomization method does not lead to any
months [17]. Based on histomorphometribiases in the study results.

findings, new bone formation in the lateraDnly one specimen of each augmented sinus
window technique in the present study£8p was randomly chosen and histologically eva-
was similar to that of a study by Hans-Dieteluated. Although this protocol decreases the
2004, in which Bio-Oss was the only materiadample size, it can lead to obtaining valuable
used for sinus augmentation (28/%. The statistical results and can be considered a posi-
mean value of the residual biomaterial wasve aspect of this research.

reported to be 144% in a study by Dieter In this study, the osteotome technique was
2004, which is slightly higher in comparison tasuccessfully applied for patients with less than
that (16.112) in the current research. In Di-5 mm of residual bone height, which was a
eter's study, similar to the present study, th&gnificant achievement of the current study.
new bone was in direct contact with the biofhe volume of graft material used for one si-
material, without any gaps or connective tissusus augmentation procedure was 2-3 cc in the
in between [21]. In 2001, Yildirim observedlateral window technique and less than 0.5 cc
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in the osteotome technique, enabling both ti8 Galindo-Moreno P, Avila G, Fernandez-

patient and the physician to economize. Barbero JE, Aguilar M, Sanchez-Fernandez E,
The small sample size, as a limitation of thi€utando A et al. Evaluation of sinus floor ele-

study, can reduce the statistical power of thation using a composite bone graft mixture

study. Due to the small access region and ti&din Oral Implants Res. 2007 Jun;18(3):376-
close proximity of the bony walls in the osteo82.

tome technique, the healing period is expectéd Summers RB, Mawr B, Einstein A. The os-

to be shorter. Thus, it is recommended to peteotome technique: Part 3- Less invasive me-
form histological evaluations 4-6 months aftethods of elevating the sinus floor. Compen-

sinus augmentation in future studies. dium. 1994 Jun;15(6):698-708.
5- Emmerich D, Att W, Stappert C. Sinus floor
CONCLUSION elevation using osteotome: a systematic review

1. The nature and the amount of the newlgnd meta-analysis. J Periodontol. 2005
formed bone did not exhibit any statisticallyAug;76(8):1237-51.
significant differences between the laterab- Ferrigno N, Laureti M, Fanali S. Dental im-
window and osteotome techniques. plants placement in conjunction with osteo-
2. No statistically significant differences weretome sinus floor elevation: a 12-year life-table
observed between the two groups in terms ahalysis from a prospective study on 588 ITlI
inflammation and edema. implants. Clin Oral Implants Res. 2007
3.In the osteotome technique, hammeringpr;17(2):194-205.
forces did not affect the healing process in the Khatiblou FA. Sinus floor augmentation
sinus. and simultaneous implant placement, part 1:
4. The osteotome technique can be applied the 1-stage approach. J Oral Implantol.
cases with less than 5 mm of residual bor2005;31(4):205-8.
height. However, the clinician should definite8- Fermergard R, Astrand P. Osteotome sinus
ly be an experienced expert. floor elevation and simultaneous placement of
5.1t is suggested that the osteotome techniguaplants. Clin Implant Dent Relat Res. 2008
should be considered as an alternative for tinvar;10(1):62-9.
lateral window technique, especially in case®- Toffler M. Site development in the posterior
in which a septum exists in the sinus or there mmaxilla using osteocompression and apical
a single tooth in the posterior maxilla, wheralveolar displacement. Compend Contin Educ
there is a high risk of membrane perforatioDent. 2001 Sep;22(9):775-87.
due to limited access for window preparation.10- Toffler M. Minimally invasive sinus floor
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