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ABSTRACT

Background: Pre-implant augmentative surgery is a prerequisite in many cases in the anterior maxilla to achieve a stable,
long-term esthetic final result.

Purpose: The aim of the present study was to evaluate the outcome of ridge augmentation with cancellous freeze-dried
block bone allografts in the anterior atrophic maxilla followed by placement of dental implants.

Materials and Methods: Thirty-one consecutive patients were included in the study. A bony deficiency of at least 3 mm
horizontally and up to 3 mm vertically according to computerized tomography (CT) served as inclusion criteria. Sixty-
three implants were inserted after a healing period of 6 months. Nineteen of sixty-three implants were immediately
restored. Bone measurements were taken prior to bone augmentation, during implant placement, and at second-stage
surgery.

Results: Forty-six cancellous allogeneic bone blocks were used. The mean follow-up was 34 + 16 months. Mean bone
gain was 5+ 0.5 mm horizontally, and 2 + 0.5 mm vertically. Mean buccal bone resorption was 0.5 = 0.5 mm at implant
placement, and 0.2 £ 0.2 mm at second-stage surgery. Mean bone thickness buccal to the implant neck was 2.5 £ 0.5 mm
at implant placement, and 2.3 £ 0.2 mm at second-stage surgery. There was no evidence of vertical bone loss between
implant placement and second-stage surgery. Block and implant survival rates were 95.6 and 98%, respectively. All patients
received a fixed implant-supported prosthesis.

Conclusion: Cancellous block allografts appear to hold promise for grafting the anterior atrophic maxilla.

KEY WORDS: alveolar ridge augmentation, anterior atrophic maxilla, cancellous freeze-dried block bone allografts, dental
implants, esthetic zone
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the anterior maxillary area, the forces applied have a
significant transverse direction resulting in a bending
moment which can be detrimental to both implant and
supporting tissues.® Placing narrow implants, tilted
buccally, having oversized clinical crowns may result in
unfavorable biomechanics, leading to severe complica-
tions in the anterior area.’

Therefore, pre-implant augmentative surgery is a
prerequisite in many cases in the anterior maxilla.* '’ A
variety of bone-grafting materials have been used using
wound healing mechanisms as osteogenesis, osteoin-
duction, and osteoconduction."" Autogenous bone har-
vested from either extraoral or intraoral sites is still the
“gold standard.”'* Other sources include allogeneic, allo-
plastic, and xenogeneic materials."' The compromised
alveolar ridge in the anterior maxilla does not provide a
natural cavity to contain the particulated grafting mate-
rial as seen in sinuses."” Therefore, the graft must possess
strength and rigidity to allow its fixation in the recipient
site, and three-dimensional stability to withstand

muscular forces.'

Consequently, a block graft is
recommended in the anterior maxilla if the required
augmentation exceeds 3 mm in either width, height, or
both."”

Autogenous bone has always been the material of
choice for cortical — cancellous blocks.'*™"? Preliminary

2023 suggest that a block allograft in conjunction

reports
with a resorbable membrane may be an acceptable alter-
native to the autogenous block graft in the treatment of
compromised alveolar ridges.

The aim of this study was to analyze the outcome
of augmentation with 46 freeze-dried cancellous block
allografts in the anterior atrophic maxilla followed by
placement of 63 dental implants with a mean follow-up

of 34 months.

MATERIALS AND METHODS

A total of 34 patients presenting with atrophic maxillary
anterior alveolar ridges were originally included in the
study, however, because three of those (8.8%) were lost
to follow-up, they were excluded from the study. The
remaining 31 patients were provided with a total of 46
(15 patients — two blocks, 16 patients — one block)
freeze-dried cancellous bone block allografts and 63 (17
patients — one implant, eight patients — two implants,
one patient — three implants, three patients — five
implants, two patients — six implants) dental implants
(33-Seven, MIS Implant Technologies Ltd, Shlomi,
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Israel);  18-Osseotite®  (3i/Implant Innovations,
Biomet®, Palm Beach Gardens, FL, USA), 12-Tapered
Screw-Vent (Zimmer Dental, Carlsbad, CA, USA). In
cases requiring more than two implants, several blocks
were used. Reasons for tooth loss included trauma
(39.1%), congenitally missing teeth (21.7%), periodon-
tal disease (19.6%), endodontic failure (13%), and
implant failure (6.6%). The patients were offered the use
of both autogenous blocks from intraoral sites and allo-
geneic cancellous blocks for augmentation. The patient
group comprised 20 women and 11 men, with an age
range from 17 to 70 years (mean age 32 + 16 years). The
implants were placed after a healing period of 6 months.
Nineteen implants in 14 patients were immediately
loaded, while in 17 patients 44 implants were allowed
to heal for 6 additional months. The implants were
restored with fixed cement-retained restorations.

All patients were selected after a meticulous evalu-
ation of their medical histories and dental examinations
that included panoramic, orthoradial periapical radio-
graphs, and dental computerized tomography (CT)
scans. A bony deficiency of at least 3 mm horizontally
and up to 3 mm vertically according to CT para-axial
reconstruction served as inclusion criteria. Postopera-
tive panoramic and orthoradial periapical radiographs
were taken to compare with the preoperative ones. All
procedures were fully explained to the patients, and the
Ethics Committee of the Tel Aviv University approved
the study protocol.

A staged approach was planned to reduce potential
complications (wound dehiscence, block graft fracture,
implant loss), which have been associated with simulta-
neous grafting and implant placement.”
One hour preoperatively, oral antibiotics of
1,000 mg amoxicillin (Moxypen® Forte, Teva Pharma-
ceutical Ltd., Petach Tikva, Israel) and 600 mg etodolac
(Etopan, Taro Pharmaceutical Industries Ltd., Haifa Bay,
Israel) were administered. Antiseptic mouthwash, 0.2%
chlorhexidine gluconate (Tarodent®, Taro Pharmaceuti-
cal Industries Ltd.), was used immediately prior to
surgery.

The prepared allograft was rehydrated with a solu-
tion of sterile saline for at least 45 minutes prior to
initiating the procedure. Under local anesthesia (block
and infiltration using 2% lidocaine with 1:100,000 epi-
nephrine), surgery commenced at the recipient site to
confirm the shape and size of the defect as previously
seen on the CT para-axial reconstruction. Freeze-dried
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Figure 1 Preoperative clinical view.

cancellous block allograft (ReadiGraft®, Canblock 1.5,
LifeNet, Virginia Beach, VA, USA) was shaped with a
fissure bur in a high-speed handpiece with copious irri-
gation. The end point was a block graft that closely
approximated the recipient bed and provided adequate
width and height to accomplish the restorative treat-
ment plan. It was then thoroughly rinsed with sterile
saline to remove residual bone particles.

A midcrestal incision based on the missing teeth was
made. The incision was extended intrasulcularly around
the cervical margins of the adjacent teeth up to the
canines. Two vertical releasing incisions were made on
the labial aspect distal to the canines, away from the
recipient site to include the papilla between the canine
and the first premolar. The vertical releasing incisions
were thus extended away from the esthetic zone into the
mobile mucosa. The buccal aspect of the alveolar ridge
was then exposed to allow three-dimensional visualiza-
tion of the defect (Figure 1).

Several modalities were applied in order to expose
native bone to the bone graft, ensuring possible com-
munication between grafted bone and the recipient site
bone marrow cavity. The most frequent technique used
in cases with a noticeable cortical bone was multiple
perforations, made through the cortical plate with a
round bur. In cases with dense cortical bone, decortica-
tion was carried out. Cases presenting after recent
trauma or surgery without evident cortex and profound
bleeding were left as is without additional preparation.

Figure 2 Graft is fixed in place to augment the anterior
maxillary alveolus.

The cancellous block graft was refined to fit into the
defect. Once the graft was seated and stable, it was fixed
with 1.6 X 10 mm bone screws (OsteoMed Corporation,
Addison, TX, USA) (Figure 2). A high-speed, water-
cooled, large round bur was used to round the sharp
cortical edges and shape it to completely conform to
the defect site. Measurements of the initial and post-
augmentation ridge width and height were taken with
a periodontal probe scaled in millimeters and bone
changes calculated. Measurements were taken from the
edge of the alveolar crest in the position of implant site.
Implant site was verified by the aid of a periodontal
probe relative to the distance from the adjacent teeth.
Measurements were enabled by the different clinical
view of the cancellous block and the corticated original
bone. Deficiencies at the edges of the graft were filled
with either particulate bone, mineralized freeze-dried
bone allograft (OraGraft®, LifeNet, Virginia Beach, VA,
USA) or bovine bone mineral (Bio-Oss®, Geistlich Bio-
materials, Wolhousen, Switzerland). One of either three
resorbable membranes (Bio Gide®, Geistlich Bioma-
terials; Ossix™, 3i/Implant Innovations, Biomet; Ossix
Plus™, OraPharma Inc., Warminster, PA, USA) were
used.

Periosteal releasing incisions were made. The mid-
crestal incision was initially closed using interrupted or
horizontal mattress sutures as needed. The interdental
papillae and the vertical incisions were secured with



Figure 3 Exposure of graft at 6 months.

interrupted sutures. Amoxycillin  (Moxypen Forte)
500 mg three times daily (tid) and 600 mg etodolac
(Etopan) twice daily (bid) were prescribed for 5 days
postoperatively. As an antiseptic solution, 0.2% chlo-
rhexidine gluconate mouthwash (Tarodent) was used
for 45 seconds, tid for 2 weeks.

Provisional restorations were modified to prevent
the application of any pressure to the healing tissues. All
provisional restorations were fitted and delivered to the
patient immediately after surgery. The grafted sites were
allowed to heal for 6 months. The patients were seen
weekly during the first month following surgery, and
monthly thereafter until second-stage surgery. Periapical
radiographs were taken immediately postoperatively
and prior to implant placement. The clinical evaluation
included a thorough search for soft tissue dehiscence
and an overall view of the grafted ridge contour.

Access to the augmented ridge was obtained after 6
months via an incision similar to the one used during
graft placement. The augmented site was evaluated. Sur-
gical exposure of the augmentation site revealed well-
integrated block grafts that were incorporated into the
surrounding bone (Figure 3). The fixation screws were
removed. Measurements of post-augmentation ridge
width and height were taken to assess bone gain fol-
lowed by implant placement (Figure 4). Bone thickness
buccal to the implant was measured at the time of
implant placement and uncovering.

Cancellous Block Allograft in the Anterior Atrophic Maxilla 107

Figure 4 Placement of implant in augmented ridge.

The implants were either nonfunctionally immedi-
ately loaded (non-occlusal contacts present) or exposed
6 months later. For all the nonfunctionally immediately
loading cases, the provisional acrylic crowns were pre-
fabricated in the laboratory prior to surgery. The occlu-
sion was adjusted and finalized without contacts in
protrusive excursions or intercuspal position. The
temporary acrylic-fixed restorations were adjusted over
temporary abutments.

In cases with two-stage healing period, the soft
tissues were allowed to mature for 3 weeks following
implant exposure. Cement-retained restorations were
then fabricated. In cases that were immediately loaded,
6 months after implant placement, radiographs of
the implant sites were taken. The implants were res-
tored with cement-retained fixed ceramic prostheses
(Figure 5). Temporary cement (TempBond™, Kerr
Italia, Salerno, Italy) was used to enable future mainte-
nance and follow-up. Clinical and radiographic exami-
nations were carried out at the time of restoration, and
every 6 months follow-up during the first year and once
a year thereafter (Figure 6).

RESULTS

Forty-six ridges of 31 patients were grafted. Sixty-three
implants were placed in the augmented sites. Of the
grafts, 9% were used to gain height, 40% were used to
gain width, and 51% to gain both height and width.
Bone gain (Table 1) in horizontal (4-6 mm, mean
54 0.5 mm, 50-75%, mean 62.5 + 6.3% of final width)
dimension exceeded bone gain in vertical dimension
(0-3 mm, mean 2+ 0.5 mm). Buccal bone resorption
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Figure 5 Final clinical view: (A) anterior and (B) occlusal.

(Table 2) was 0—1 mm, mean 0.5+ 0.5 mm, 0-20%,
mean 10 + 1% of bone graft at implant placement and
0-0.5 mm, mean 0.2 + 0.2 mm, 0-10%, mean 4% =+ 4%
of bone graft at second-stage surgery. Bone thickness
buccal to the implant neck (Table 3) was 2—3 mm, mean
2.5+ 0.5 mm at implant placement and 2-2.5 mm,
mean 2.3 £0.2 mm at second-stage surgery. There was
no evidence of vertical bone loss between implant place-
ment and second-stage surgery.

Soft tissue breakdown and graft exposure occurred
in 13 (28%) cases. Necrotic soft tissue was removed; the

Figure 6 Follow-up radiograph at 42 months.

bone was leveled with the soft tissue by the aid of a
high-speed bur. Bone resorption was most significant in
those cases. Two blocks failed; in five cases soft tissue
dehiscence did not prevent bone formation, and in six
cases soft tissue closure was achieved within 4 weeks.
Two block grafts failed because of soft tissue breakdown,
infection, and loss of fixation resulting in 95.6% survival
rate. One out of the 19 immediately loaded implants
(98% survival rate) failed following automobile accident

TABLE 1 Bone Gain Characteristics (mm)

Bone gain n Range Mean SD SE
Horizontal 42 4-6 5 0.5 0.08
Vertical 27 0-3 2 0.5 0.1

TABLE 2 Buccal Bone Resorption (mm)

n Range Mean SD SE
Implant placement 63 0-1 0.5 0.5  0.06
Second stage 44 0-0.5 0.2 0.2 0.03

TABLE 3 Buccal Bone Thickness (mm)

n Range Mean SD SE
Implant placement 63 2-3 2.5 0.5 0.06
Second stage 44 2225 2.3 0.2 0.03




trauma. After 3 months of waiting, the implant was
reinserted and successfully osseointegrated. All patients
received a fixed implant-supported prosthesis.

The mean follow-up was 34 £ 16 months (range
6—59 months). All implants remained clinically osseoin-
tegrated at the end of the follow-up examination. There
was no crestal bone loss around the implants beyond the
first implant thread.

DISCUSSION

The use of dental implants in the anterior maxilla is well
documented in the literature, and numerous controlled
clinical trials show that the respective overall implant
survival and success rates are high (91.1-100%), and
similar to those reported for other segments of the jaws.’
Initial patient evaluation must assess buccolingual ridge
anatomy as one of the most important for treatment
planning. Bone augmentation procedures are indicated
in cases of deficient alveolar crest to allow implant place-
ment in a correct buccolingual position. The extent and
morphology of the alveolar crest deficiency dictate a
simultaneous or staged approach.”® The presence of
bone is also the first determining factor for the soft tissue
contour. Therefore, the bone volume is also essential
from an esthetic perspective.® Photoelastic and finite-
element analysis studies demonstrate stress concentra-
tion at the buccal aspect in the anterior maxilla. Those
studies suggest that significant buccal bone volume is
desirable to obtain a physiological modeling response
which will support long-term esthetics. Insufficient
bone volume may result in buccal fenestration or
dehiscence resulting in biomechanical and esthetic
deterioration.””* To achieve a long-term anterior
esthetic result, the available bone thickness buccal to
the implant neck should be at least 2 mm, preferably
4 mm.” When this is not taken into consideration, the
buccal bone is resorbed resulting in loss of buccal bone
height followed by gingival recession and an esthetic
failure. Because such bony thickness dimensions cannot
be found bone normally on the buccal side, augmenta-
tion procedures are indicated in almost every estheti-
cally demanding case. Thus, even if the entire implant
bony envelope is intact without thread exposure, bone
grafting will still be needed.® The use of cancellous block
allografts in the present study maintained a 2-3 mm
buccal bone thickness at second-stage surgery. There-
fore, the esthetic requirements are fulfilled by this
modality of bone grafting.
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Reports of implants in grafted bone of the anterior
maxilla compare favorably with the results of implants
placed in nongrafted bone. A report of 10 implants
placed in nine patients, following a graft healing period
of 3 to 5 months, revealed that one implant had not
integrated at the time of abutment surgery.”’ Another
article reported on 27 patients with 31 maxillary
implants placed after grafting with bone from a variety
of intraoral sites, including the mandibular symphysis,
with 100% success.” The survival of 35 implants of 17
patients following mandibular symphysis buccal onlay
bone grafting in the anterior maxilla was 97.1%.

The present study has focused on the outcome of
loaded implants for a mean follow-up period of 34 £ 16
months (range 6-59 months). The survival rates of can-
cellous allogeneic blocks (95.6%), two-stage implants
(100%), and immediately loaded implants (98%)
compare favorably with the literature regarding implant
outcome in the anterior maxilla.’

Several advantages of the described technique
should be emphasized. The area, size, and contour of the
bone regeneration are dictated by the size and shape of
the compromised alveolar ridge. The cancellous block
allograft can be modified to comply with the desired
height and width of the new generated bone. In contrast,
the contour and size of the autogenously harvested
block grafts are very difficult to control because of the
inherent shape of the cortical bone graft itself, which
must be reshaped to fit the contours and curves of the
anterior maxilla.

Esthetic demands are provided by the cancellous
block allograft without donor site morbidity and
discomfort to the patient. The patients define the
morbidity of such procedures as severe. Each intra- or
extraoral donor site has its own inherent problems and
potential complications. For example, morbidity after
iliac crest bone harvesting techniques occurs during
physical activity, and discomfort in the oral cavity
especially in the donor sites after intraoral surgical
procedures.*

Autogenous block graft harvesting may result in up
to 43% of some paresthesia.™* Although such distur-
bances can recover spontaneously,” the best way is to
avoid them. Therefore, the patients must be informed
about the risks of sensory disturbance in the various
autogenous donor regions.

Radiographically, complete healing of the donor
requires around 6 months®™ even in successful cases.
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Moreover, radiographic evidence of incomplete bony
regeneration in donor sites has been also reported in
elderly patients.”

Another major drawback for using autogenous
bone blocks is its inability to withstand long-term,
three-dimensional stability. Resorption rates of 0 to
25% at the time of implant placement, and up to 60%
at abutment connection were documented with the use
of autogenous block grafts."' Thus, many clinicians and
patients are confronted with dilemma of whether the
risk (morbidity)/benefit of autogenous bone block har-
vesting is worth taking. In the present study, resorption
rates at the time of implant placement were 10 and
14% at second-stage surgery. This demonstrates the
potential of cancellous block allografts to minimize
bone resorption and allow a long-term stable esthetic
result compared to autogenous block grafts. This of
course awaits future long-term studies for the valida-
tion of the present data. In the present study, the con-
siderations of risk (morbidity)/benefit were in favor of
grafting because the parameter of risk and morbidity
was minimized while the surgical techniques have been
improved.

All the above-mentioned advantages of using can-
cellous block allografts allow the implementation of an
esthetic implant-supported fixed prosthesis in the ante-
rior atrophic maxilla, even in cases that would have been
impossible to be performed previously because of lack
of patient willingness to undergo complex harvesting
procedures.

Until more data are gathered and published, the
surgeon, prosthodontist, and patient must be aware of
potential complications, and treatment alternatives
should be thoroughly emphasized to the patient. Further
clinical and histological studies are necessary in order to
promote routine clinical application of this treatment
alternative.

CONCLUSION

Within the limits of the present study, the data indicate
that implant placement in the anterior atrophic maxilla
following augmentation with freeze-dried cancellous
block allograft can result in successful implant integra-
tion up to 59 months. Future studies should focus on
bone gain and resorption in both dimensions in every
stage, compare cases with single blocks to multiple,
and cases with soft tissue dehiscence to those without
through statistical analysis.
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