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Abstract

Osteotome techniques are used as a less invasive alter-
native to the lateral window osteotomy to increase the vol-
ume of bone in the posterior maxilla. Implants may be
placed simultaneously for four to six months after per-
forming osteotome-mediated sinus floor elevation,
depending upon the residual crestal bone remaining
beneath the sinus floor. This article describes the clinical
indications and techniques for localized internal sinus ele-
vation using osteotomes. The incorporation of this mini-
mally invasive crestal approach to sinus augmentation into
the clinical practice results in increased case acceplance
with reduced treatment duration, trauma and cost.
IMPLANT PLACEMENT in the posterior maxilla is frequently com-
plicated by an inadequate posterior alveolus and increased pneuma-
tization of the maxillary sinus, creating close approximation of the
sinus Lo the crestal bone.' Periodontal disease is a major contributor
to this localized bone deficiency, frequently causing the loss of max-
illary molars with significant resorption of alvealar bone. Atrophic
changes follow as a result of the absence of osseous stimulation pre-

viously provided by the posterior dentition. The subsequent inser-
tion of a removable prosthesis will exert non-physiologic pressure
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on the ridge, contributing to further bone resorption. In addition,
edentulous-related maxillary sinus pneumatization caused by
osteoclastic erosion of the periosteal sinus floor leads to progressive
hollowing out of the alveolar process from the apical aspect.” This
destructive series of events often results in bone dimensions that are
inadequate for the placement of properly proportioned and posi-
tioned implants. To combat these anatomical limitations, sinus floor
clevation has become a common procedure to increase the volume
of bone in the posterior maxilla, producing reliable long-term
results in oral implant rehabilitation.”

Various techniques for sinus augmentation have been reported
using different graft materials in a delayed or simultaneous
approach to implant placement.** The lateral window approach is
the most commonly used and reported technique for sinus aug-
mentation**" (Figure 1). It has been recommended that the proce-
dure be performed with simultaneous implant placement when at
least 5 mm of residual sub-sinus alveolar bone height (RSBH) is
present.**!! When less than 5 mm RSBH exists, primary implant
stability may be compromised, and implants are placed in a staged
fashion at least three to four months later, depending upon the type
of graft material and volume of bone augmentation.

As a less invasive alternative, osteotome techniques can obtain a
localized elevation of the sinus floor through a 3 mm to 6 mm diam-
eter crestal osteotomy,*™™ thus eliminating the need for preparation
of a larger bony window in the lateral aspect of the alveolus and its

D Toffler has designed astentommes for bath the OMSFE and CCE procedures and receives
rerrarieration fron their sale.



Figure 1. Lateral window preparation In
left posterior maxilla just prior to graft-
ing for sinus floor elevation at site with
2 mm of residual sub-sinus bone height
(RSBH).

¥ s
Figure 4. At site 74 there is 6 to 7 mm of RSEBH.

subsequent rotation to apically displace the sinus (Figure 2). Initially
proposed by Summers,”™ this technique offers the advantages of a
more conservative surgical entry, more localized augmentation of the
sinus, a lesser degree of postoperative morbidity and an ability to
load the implants in a shorter time period than that necessary when
employing a lateral window approach to sinus augmentation.’
Osteotome-mediated sinus floor elevation (OMSFE) is per-
formed using a crestal approach, common to standard implant
surgery, with little or no contact between the osteotomes and
Schneiderian membrane, which reduces the risk of complications.”
In these techniques, end-cutting osteotomes are used as an alterna-
tive to standard drilling (Figure 3). They gradually expand the
osteotomy, compressing and apically displacing cancellous maxillary
bone within the confines of the cortical plates and thus improving
localized bone density.” This localized compaction of bone enhances
the implant’s primary stability and increases the bone-to-implant
contact ratio in the early phase of treatment.” When there is ade-
quate bone for primary stabilization of the implant (3 mm or more),
OMSFE will successfully achieve 2 mm to 7 mm of localized sinus
floor elevation with simultaneous implant placement™ (Figures 4-5).
In a retrospective analysis of consecutive cases from nine clin-
icians in eight centers, the fate of 174 implants placed in 101
patients was evaluated.” Seven types of implants were placed
employing a bone-added osteotome sinus floor elevation (BAOSFE)
procedure in combination with a variety of graft materials. The
average loading time for all the implants was 20.2 months (range 6
1o 66 months). The survival rate was 96% when the residual sub-

Figure 2. At slte #3, 6 mm crestal core has been elevated
for staged sinus floor elevation. At site #4, 4 mm core of
bone has been prepared and will be removed, morselized
and incorporated into graft mixture. Implants will be
placed at sites #3, 4 and 5 in 6 months.

Figure 5. 4 x 11.5 mm y tap
with 4 to 5 mm of localized sinus floor elevation.

Figure 3. Set of end-cutting,

(RELE) ostootomes measuring
2 to 5.5 mm in diameter with
depth markings at 4, 5, €, 8 and
10 mm.

d screw

has been placed

sinus bone height (RSBH) was 5 mm or more, and 85.7% when the
RSBH was 4 mm or less. Toffler” reported on 276 OMSFE proce-
dures in 167 patients using autogenous and bovine bone mineral
along with four different screw-type implants. Of the 276 implants
placed, 240 had been loaded for an average of 27.9 months (range 1
to 84 months). In patients with at least 5 mm of RSBH, the survival
rate was 94.6%. This rate dropped to 73.3% for implants placed in
areas with a RSBH of 4 mm or less. These reports clearly demon-
strate that in cases of severely resorbed maxillae, minimally inva-
sive sinus floor elevation with simultaneous implant placement
using osteotomes would not be the treatment of choice. A two-stage
procedure using a lateral window technique®" or a crestal core
approach'™" would be more predictable.

The crestal core elevation (CCE) procedure has been developed
as an alternative to the lateral window approach in the more severe-
Iy resorbed posterior maxilla where there is inadequate crestal bone
present for primary stabilization of implants.” In this procedure,
trephined crestal bone cores, 5 mm to 6 mm in diameter are implod-
ed with specially designed core osteotomes to raise the sinus floor
prior to graft augmentation (Figure 6). Graft material is repeatedly
added to the osteotomy and imploded with osteotomes to the origi-
nal level of the sinus floor. This apically displaces the core and graft
mixture, relocating the sinus floor. The osteotomy is covered with a
barrier membrane and the tissues primarily closed. Six months later,
implants are placed into osteotomies prepared with a combination of
drills and osteotomes to further improve localized bone density.

The author has effectively used the CCE procedure as a less invasive
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Figure 6. Two 5 mm diameter cores have been imploded to level of
sinus floor at sites #14 and 15.

Figure 9. Scan of maxillary
2nd bicuspid site with ade-
quate ridge width and height
for simultaneous OMSFE and
implant placement.

Figure 10. Radiographic verifi-
cation of working depth after
preparation with 2.3 mm drill.

alternative to the lateral window osteotomy (LWO) for staged sinus
floor elevation at sites where the ridge width is 6 mm or more and
the RSBH is 2 mm to 5 mm" (Figure 7). At sites where the ridge has
narrowed and less than 2 mm of RSBH is present (Figure 8),a LWO
is still the author’s preferred method for sinus augmentation.

This article presents the surgical techniques for both OMSFE
with simultaneous implant placement and CCE for staged implant
placement in the posterior maxilla.

Minimally Invasive Sinus Floor
Elevation Procedures
Osteotorne-Mediated Sinus Floor Elevation with Simultaneous
Implant Placement
All patients must sign an informed consent. Patients with systemic
diseases exhibiting risk factors for surgical procedures, as well as
patients with untreated periodontitis or sinusitis, are excluded from
this procedure. OMSEE is indicated at maxillary molar and premo-
lar sites with a RSBH of 4 mm to 10 mm (Figure 9). Treatment of the
posterior maxilla is carried out under local anesthesia. Patients are
instructed to take 2.0 g of amoxicillin or 600 mg of clindamycin one
to two hours prior to surgery. If the patient requests it, nitrous oxide
and/or triazolam (0.25 mg) are also used.

A beveled crestal incision is made with full thickness flap
reflection to reveal the alveolar crest. The proposed implant site is
first clearly marked with 2 2 mm round drill followed by a 2 mm
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Figure 7. Scan of maxillary
left first molar site with
ridge width of & to 9 mm
and RSEH of 3 to 4 mm.
Staged sinus floor elevation
will be performed using cre-
stal core elevation [CCE).

Figure 8. Scan of maxillary
'molar site demonstrating
minimal ridge width and
less than 2 mm of RSBH.
Lateral window approach
will be required for sinus
floor elevation.
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Figure 11, Firm support of patient's Figure 12. RELB osteotome
head is during with 20-d. offset
procedura. improves acecess to maxillary

1st and 2nd molar sites.

twist drill to a depth of 2.5 mm to 5 mm. A 2 mm guide pin is then
placed to verify implant position relative to the planned restoration.
A 2.0mm or 2.3 mm twist drill is then advanced to a depth that is
0.5 mim te I mm from the sinus floor (working depth), as measured
from the preoperative radiograph. This ideal sub-sinus position is
confirmed radiographically prior to proceeding (Figure 10), The
osteotomy is then gradually expanded with a combination of drills
and concave-tipped osteotomes inserted to the working depth.

In softer bone, the osteotomy will be widened with osteotomes
to maximize the compaction of trabecular bone to improve local-
ized bone density. The patient’s head is stabilized while malleting
the osteotomes by placing firm pressure on the forehead (Figure
11). At first and second molar sites, it is frequently necessary to use
osteotomes with a 30-degree offset to improve access and perpetu-
ate ideal restorative positioning of the implant (Figure 12). The
final diameter of the osteotomy is 0.5 mm to 1.2 mm smaller than
the implant diameter to maximize primary stability. If a tapered
implant is used, implant site preparation is modified based on
intended implant length, degree of taper and coronal implant
diameter.* The final osteotome, which is .5 mm to 1.2 mm less than
the apical implant diameter, is then used to punch out the cortical
plate of the sinus floor with the adherent membrane (Figure 13).
Direct infracture with an osteotome does increase the risk for
membrane perforation, but the distinct tactile and auditory
changes associated with sinus floor encroachment allow the more



experienced clinician to modify the applied malleting force, result-
ing in a more controlled infracture without perforation.”

Immediately after infracture, the implant site is evaluated for
perforation of the sinus membrane by the Valsalva maneuver. If a
perforation is detected (Figure 14), no graft material is added, and
a collagen sponge (CollaTape, Zimmer Products, Carlsbad CA) is introduced
inadvance of an implant that is no longer than 2 mm to 3 mm more
than the RSBH (Figure 15). If this does not allow for the placement
of an implant at least 8.5 mm in length, the site is abandoned, and
implant placement is delayed for three months. If the membrane
has remained intact, a collagen sponge is inserted into the osteoto-
my and compressed apically prior to initiating the grafting proce-
dure. Columns of a graft mixture, autogenous and anorganic bovine
bone (Bio-Oss) in varied percentages, are then added to the osteoto-
my and displaced to working depth (Figure 16). Each 4.0 mm to 5.0
mm column of bone is used to create 1 mm of localized sinus floor
elevation. This procedure is performed until adequate elevation has
been achieved to accommodate the selected implant length. The
osteotomy is then half-filled in advance of the implant, with the
implant acting as the final osteotome.

A periapical radiograph is taken immediately after implant
placement to confirm graft containment (Figure 17). If the implant
is placed in a submerged fashion, it is uncovered in four to six
months and restored three weeks later. If a single-stage protocol is
used, the restorative treatment is initiated after four to six months.

Crestal Core Elevation Procedure for Staged Implant Placement
Patients are informed of all the potential risks, benefits and treat-
ment alternatives prior to signing a written consent. Radiographic
site analysis is usually performed with a panoramic and periapical
radiograph. Patients with 2 mm to 5 mm of RSBH and 6 mm or
more ridge width may be treated using the CCE procedure.
Preoperative antibiotics are administered as described with the
OMSFE procedure. Patients are instructed to rinse with 0.12%
chlorhexidine for one minute prior to surgery.

A crestal incision beveled toward the palate is made throughout
the edentulous area. An anterior-releasing incision is made at the
mesial aspect of the most anterior tooth bordering the edentulous
area. The posterior-releasing incision is placed distal to the tuberos-
ity to access autogenous bone for grafting, Core preparation is initi-
ated with 5 mm or 6 mm internal diameter trephines with markings
at 2,4,6 and 8 mm (H & H Co, Ontario, CA). Care is taken to leave 1 mm
of bone buccal and palatal to the core when possible (Figure 18). The
core is prepared to the desired “working depth” of 1 mm from the
sinus floor in the area of most limited RSBH. The one-third round

"#5 o1 #6 core osteotome (H & H Co, Outario, €4) is malleted while the
instrument is rotated around the core boundary (Figure 19). The
instrument is designed with a 0.5 mm-thick curved tip that fits
within the borders of the core preparation (Figure 20).

While gently malleting the core osteotome, the clinician retains
the tactile sensation lost when using a trephine in close approxima-
tion to the sinus floor. The sinus floor has now been directly infrac-
tured along the borders of the core to facilitate apical displacement.

Figure 13. Direct infracture of

Figure 14. Radiographic confir-
tion of sinus

sinus floor with 4 mm di.
ter osteot . diatel

perfi ion at site #3.

after extraction of tooth ﬁa.

Figure 15. After placement of
collagen sponge, 5 x 8.5 mm
tapered screw implant was
placed at site #3. No graft

material is utilized at perforat.

ed site.

Figure 17. Immediate postop-
erative radiograph of site #14

Figure 16. Graft mixture has
been apically displaced to
working depth.

Flaure 18. At site #13, 4 mm
core will be removed and used
in bination with bovine

sinus graft and 3 to 6 mm of
d sinus floor i

Figure 19. #5 core ostectome
Is gently malleted around 5
mm crestal core to directly
infracture sinus fleor, facilitat-
ing core elevation,

bone to graft 6 mm crestal
core after elevation at site
#14. implants will be placed in
5 to 6 months.

Figure 20. #5 and #6 core
ostectomes have one-third
round, .5 mm thick curved tip
and markings at 2, 4, 6 and
B mm.
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Figure 21, At site 43, 5 mm crestal core
has been apically displaced 3.5 mm to
original level of sinus floor.

Figure 22. At site #3, 1:1 mix-
ture of autogenous and bovine
bone is added to crestal

Figure 23. Coverage of crestal
core with slowly resorbing eol-
lagen membrane.

osteotomy and apically dis-
placed to original level of the

sinus fioor.

Figure 24. Radiograph at completion of CCE proce-
dure demonstrating 8 to 10 mm of localized sinus
floor elevation.

Using a 5 mm or 6 mm diameter concave-tipped osteotome with 2
mm markings, the core is displaced to the original level of the sinus
floor (Figure 21). A composite graft mixture is then prepared using
autogenous bone and Bio-Oss (Osteohealth, Shirley, NY). The author
uses 20% to 60% autogenous graft material harvested directly from
the surgical site when possible. The graft mixture is added to the
core osteotomy (Figure 22), and the 5 mm or 6 mm diameter
osteotome is gently pushed or malleted to the original level of the
sinus floor to compress the graft and achieve additional lateral and
vertical sinus elevation.

Four to five loads of the graft mixture are placed prior to tak-
ing a periapical radiograph to confirm graft containment and to
estimate the extent of the augmentation. Grafling is complete once
a sinus floor elevation of 8 mm to 10 mm has been achieved. A
bioabsorbable collagen membrane (Ossiv, Implant Innovations Inc, 3,
Paln Beach Gardens, FL) is then placed to cover the core preparations
(Figure 23), and the tissues are primarily closed using Gore-Tex
sutures (Gore ¢ Assoc, Flagstafl; A%). An immediate postoperative radi-
ograph is taken to confirm graft containment and to determine the
extent of sinus floor elevation (Figure 24).

Five to six months later, a periapical radiograph is taken to
determine the available bone height prior to implant placement. A
similar mucoperiosteal flap is elevated, and osteotomies are pre-
pared with a combination of drills and osteotomes based on local-
ized bone density. The augmented site is generally ITI or IV bone
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Figure 25. Six months after CCE
procedure at site #3,5 x 11.5
mm tapered screw implant has
been placed using single-stage
protocal.

Figure 26. Special short {5 x
7mm), porous-surfaced
Endopore implants will be used
in posterior maxilla to mini-
mize sinus floor elevation.

quality and presents minimal resistance to drilling. Osteotomes are
used to further consolidate the bone and to improve primary
implant stability. They may also provide additional sinus elevation,
if needed, for the placement of a 10 mm to 11.5 mm long implant.
If excellent primary stability is achieved (35 Ncm of insertion
torque), then healing caps are immediately placed (Figure 25).

Healing progresses for another five months, at which time,
those implants placed using a single-stage protocol are restored or
the submerged implants are uncovered and healing caps placed.
Multiple implants are subsequently restored with a splinted metal-
ceramic prosthesis four weeks later.

Discussion
Elevation of the maxillary sinus floor using an IWO in conjunc-
tion with/or without simultaneous implant placement has
become a very common procedure in cases where insufficient
bone volume is present in the posterior maxilla. It has to be real-
ized, however, that these procedures constitute an invasive surgi-
cal intervention with relatively high morbidity and cost.* The
bone-added osteotome sinus floor elevation (BAOSFE) tech-
nique™ and its reported modifications™*** represent substan-
tially less invasive and less costly alternatives for predictable
implant installation in the moderately deficient posterior maxilla
with 5 mm to 7 mm of RSBH.

For maxillary sites with adequate ridge width and only 3 mm
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Figure 27. 13 mm leng screw-type, Astra
&T fixtures have been immediately placed
at extraction sites #5, 7 and 9. At sites #3
& 4, 5 x 7 mm Endopore implants have
been pl i to minimize sinus intrusi

Figure 28. I i P

P ive radi-
ograph showing 4 x 13 mm Astra ST
implant at site #5 and 5 x 7mm Endopore
implants at sites #3 & 4. Note minimal
sinus floor elevation with sinus floor
infracture only and nc grafting.

to 5 mm of RSBH, modifications to Summers’s original future site
development (FSD) procedure,” reported by Fugazzotto” and
Toffler,” are less traumatic and less costly alternatives to the lateral
window osteotomy. These crestal procedures are especially useful at
compromised single-molar sites where anatomical restrictions and
adjacent teeth complicate a lateral window approach. In the severe-
ly deficient posterior maxilla, with 2 mm or less RSB, crestal pro-
cedures become more challenging, time consuming and less pre-
dictable. At these sites, a lateral window osteotomy would remain
the best method to achieve adequate sinus floor elevation for future
implant placement.

The recently reported, improved predictability of textured 1T1
(Strawmann Co., Waltham, MA)M and Porous-surfaced Endopore {Tnova
Corp, Toronto, Canada)” short implants (6 mm to 10 mm) placed in the
posterior maxilla should serve to reduce the extent of sinus aug-
mentation necessary for successful implant rehabilitation. This
may also increase the demand for less invasive sinus floor elevation
that would allow for the placement of implants 6 mm to 10 mm in
length (Figures 26 & 27).

As clinicians, we are all striving fo make implant treatment
cost-effective, short in duration, simple in procedure and highly
predictable, The private practitioner wants to rehabilitate most
patients without implementing advanced surgical techniques, like
extensive sinus grafting or ridge augmentation, because they
increase the treatment duration and the costs.” The utilization of



bio-enhanced shorter fixtures in combination with minimally inva-
sive sinus floor elevation procedures might be helpful in achieving
these stated goals with the expedition of treatment and minimiza-
tion of trauma and cost (Figures 26-28).

Conclusions

For patients resistant to implant placement in the posterior maxilla
because they are not willing to undergo extensive sinus floor eleva-
tion using a lateral window approach, osteotome-mediated proce-
dures may represent a less invasive treatment option. If the treating
clinician or referring dentist is aware of the indications for mini-
mally invasive sinus elevation procedures, many patients may be
maore accepting of implant rehabilitation in the posterior maxilla.

The simplification of implant placement in the deficient maxil-
lary premolar or molar region using osteotome-mediated procedures
can help patients avoid uncomfortable removable appliances or long-
span fixed prostheses with increased risks for technical failure.

This author’s use of osteotome-mediated techniques has: 1.
facilitated implant placement in areas of limited bone height and
width; 2. improved initial implant stability through bone compres-
sion; 3, improved implant success in the posterior maxilla; 4. sim-
plified sinus floor elevation; and 5. increased case acceptance.” m

The author thanks surgical assistants Gricel Crespa, Opal Lumbsden, fezel Best and Tracey
Lindsay for their hard work, ereativity, support and ENCOUTREEENL,
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