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Aim To replace an adequate bone volume for the implant
placement in presence of a severe maxillary atrophy reducing
intraoperative times and postoperative morbidity.

Materials and methods After a diagnostic waxing up
aimed at identifying the bone volumes to be regenerated
for implant placement, a stereolithographic model (obtained
from a computed tomography) was used for adapting an iliac
crest allogeneic block. The 6-part division of the block was
performed using templates. The obtained bone blocks were
shaped to obtain an ideal morphology, at the closest contact
possible with the receiving atrophic bone crest.

Six months later eight implants were placed at second-stage
surgery and a fixed complete denture was made after 4
months.

Results At the second-stage surgery, the mean overall bone
ridge horizontal increase was 4.8+0.2 mm, whereas the
mean bone blocks resorption was of 0.9+0.1 mm (18.75%). A
follow-up three years later revealed that the implants survival
was 100% and the patient did not have any major complaint.
(linical, radiographic and histologic results confirm that
allogeneic bone graft may be a valid alternative to autologous
bone graft.

Conclusions Allogeneic bone blocks may represent a viable
alternative for ridge restoration in presence of severe atrophy
of the jaws. Nevertheless, various factors including suitable
blood supply, the thickness and quality of the receiving bone
crest and the perfect closure of the soft tissues, are to be taken
into account regarding graft integration.

Allogeneic bone block; Bone regeneration;
Maxillary atrophy; Stereolithographic model.

The absence of loads on maxillary bone arches resulting
from teeth loss leads to bone resorption and, thus,
to alterations of the threedimensional relationships
between maxilla and mandible (1). In order to obtain
a biomechanically favorable distribution of functional
loading anda long-term survival of an implant-
prosthodontic rehabilitation, adequate bone volume is
required (2, 3).

Guided Bone Regeneration, ridge splitting techniques
and bone grafts have been successfully used to restore
ridge morphology, but not without risks and drawbacks
(4-11).

Several parameters must be evaluated to obtain the
most predictable result. These include residual ridge
width, blood supply, shape and dimension of the
volumes that need to be regenerated. Furthermore, the
patient's refusal to autogenous bone harvesting has to
be taken into account. Autogenous bone graft leads to
longer operative times, higher costs and post-operative
morbidity and it requires surgery at donor site, too.

A valid alternative to autogenous harvest, in case of
class IV atrophy according to the Cawood and Howell
classification, is represented by allogeneic bone blocks
grafting. Reducing the operative times requires that the
allogeneic bone blocks be shaped and intimately adapted
to a stereolithographic model obtained according to the
data provided by a computed tomography (CT) during
the pre-operative stage.

Although autogenous bone graft is still considered the
“gold standard" in ridge augmentation procedures (12-
16), several researches reveal that allogeneic bone graft
in combination with resorbable membranes is a reliable
and predictable alternative if properly planned and
standardized surgical technique is followed (15-17)
Keith et al., in a 3-years follow-up study, evaluated the
reliability of allogeneic bone graft like grafting material;
of the 82 bone blocks they placed, only 7 failures were
registered. Most block allograft failures (86%) occurred
0 to 12 months after placement and were due to lack of
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remodeling of the corners and edges of the block that
had led to the laceration of the overlying tissues, to the
trauma exerted by the temporary prosthesis and the
development of infections (17).

However, most of these studies are based on a relatively
short follow-up; further studies and long-term data are
required to ensure long-term bone grafts stability and
implants survival (15, 17)

The advantages of using bone allografts include
convenience for the surgeon, decreased operative
trauma for the patient, an almost unlimited supply of
reconstructive material, lower blood loss, absence of
donor site morbidity, and shorter operative times (18).
Stereolithographic models may be used with the aim
of facilitating the surgical operation and reducing the
operative times. These models are created based on data
collected with tomographic analysis and their average
deviation with original dimensions ranges from 0.20-
0.85 mm with the percentage of error between 0.6%
and 6% (19). Thanks to this technique, and also using
diagnostic waxing up, the clinician is able to evaluate the
bone volumes that have to be restored. Moreover, the
clinician may adapt the bone grafts to the model in order
to obtain an intimate contact between the bone ridge
and the graft, promoting an earlier graft vascularization.
This paper describes a case report in which a complete
regeneration of the upper maxilla was carried out
using blocks of allogeneic bone. Beside the clinical and
radiographic results, histological samples were also
collected to assess the bone remodeling process.

MATERIALS AND METHODS

A 55-year-old female turned to us requesting a fixed
prosthesis restoration. The patient revealed severe upper
maxillary atrophy. The treatment plan included a first
surgery to increase the volume of the bone crest for the
implant placement and subsequently the prosthodontic
restoration was performed.

The inclusion criteria were as follows:

non-smoker

patient, atrophy of class 4 according to Cawood and
Howell classification, patient's objection to autogenous
harvest, patient enjoying good general health without
any disease that might jeopardise graft survival or bone
regenerative surgery.

The bone blocks allograft used for this case (Tutogen
corticocancellous bone block; Tutogen Medical GmbH,
Neunkirchen, Germany) were produced according to
the US Food and Drug Administration rules and the
standards of the American Association of Tissue Banks
(AATB) in order to prevent any kind of immunoreaction,
including those due to prions (17, 20).

First surgery: bone blocks placement

on the stereolithographic model

One hour before the surgery, a sterile operative field
was prepared and the surgeon prepared the aluminium
paper templates, which were used as a guide during the
bone blocks cutting procedure, in order to optimize the
available bone.

The bone blocks were then cut, adapted and fixed on
the stereolithographic model (Fig 1). The model was then
dipped into a 0.9% sterile saline solution to allow the
rehydration of the bone blocks.

First surgery: bone block placement on the patient

After midazolam sedation (intravenous administration)
and local anesthesia with articaine 4% plus adrenaline
(1:100,000) (Ubistesin; 3M ESPE, Seefeld, Germany),
a crestal incision, from second right molar to second
left molar, with distal vertical releasing incision was
performed and a full-thickness flap was raised (Fig.
2). The periosteal debridement of the bone ridge was
done with a pear-shaped bur at 20,000 rpm. The bone
ridge was then perforated with a fissure bur to induce
bleeding and promote graft vascularization.

Bone blocks were then removed from the
stereolithographic model and transferred on the
patient's crest. All the six blocks were closely fixed with
osteosynthesis screws in order to obtain the maximum
surface contact area. The cancellous part of the graft

FIG. 1 Bone blocks were adapted onto the stereolithographic model in
order to the maximum surface contact area with the host tissue.

FIG. 2 The full thickness flap showed the thin residual bone ridge (Class IV
according to Cawood a &Howell).
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was placed in contact with the host bone to promote
the graft revascularization while the cortical surface of
the graft was placed outside to reduce bone resorption
(Fig. 3). To prevent graft rotation and obtain maximum
stability, 2 screws for each block were used and screwed
up to the palatal plate of the maxillary crest.

All sharp angles and edges of the blocks were smoothed
to avoid perforation of the overlaying flap. Bovine
pericardium membrane (Tutodent membrane; Tutogen
Medical GmbH, Neunkirchen, Germany) was placed over
the grafts (Fig. 4) and periosteal incisions were made to
reduce flap tension and to obtain the passive closure of
the soft tissues over the surgical area.

The mucoperiosteal flap was closed without any tension
using Vicryl 4-0 (Johnson & Johnson Somerville, NJ,
USA).The patient was given a full temporary prosthesis,
with palatal support only, relined with soft resin,
(HydroCast® Tissue Treatment, Hackensack, NJ, USA),
before being discharged. The prosthesis, obtained
according to diagnostic waxing up, allowed offering the
patient an idea of the final aesthetic result right from the
start. Check-up and selective suture removal followed 10
and 20 days after surgery (Fig. 5).

Second surgery: implant placement

This phase began 6 months after bone grafts placement.
Basing on data collected with CT-scan and diagnostic
waxing up, a surgical template for the implant placement
was made.

The same intravenous sedation and local anesthesia
were used. A mucoperiosteal full-thickness flap was
made to expose the bone ridge and the fixation screws
were removed and all the bone grafts were successfully
incorporated (Fig. 6, 7).

Eight implant sites were prepared and two bone
specimens were harvested at graft-ridge interface to
evaluate the degree of creeping substitution process into
the bone blocks. Bone blocks were fixed in 4% formalin
and sent for the histologic examination.

All the implants (Prima™; Keystone dental, Burlington,
MA,USA) were placed at crestal level by using a surgical
guide (Fig. 8).

After 4 months a partial-thickness flap was raised. The
incision line was made along the palatal side of the crest
in order to obtain an adequate quantity of keratinized
gingiva around the healing abutments (Fig. 9).

The final fixed complete denture was made using intraoral
luting technique to achieve precision and passivity (Fig.
10, 11) (21).

RESULTS

Clinical results

The buccal/palatal bone increase and graft resorption
were calculated using the images from the cross-sections
obtained from of the two tomographic examinations.

June 2013;5(2) © ARIESDUE

FIG. 6 At the re-entry, 6 months after first surgery, all the blocks were well
integrated and vascularized.
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FIG. 7 Osteosynthesis
screws were screwed

up to bone graft level.
In some areas no bone

resorption occurred
during bone blocks
engraftment.

FIG.8 According to
diagnostic waxing

FIG. 9 Soft tissue
after healing screws
positioning. A great

gingiva was present

The mean overall bone ridge horizontal increase was
4.8+0.2 mm, whereas the mean bone blocks resorption
was 0f 0.94+0.1 mm (18.75%). The results were in line with
the values reported in the literature (5, 22, 23, 24). After
raising the flap, all bone blocks were well integrated and
all the heads of osteosynthesis screws were aligned with
regenerated bone level (Fig. 6, 7).

A follow-up three years later revealed a 100% implants
survival and the patient did not have any major complaint
(Fig. 12).

Histologic results

All the specimens showed the allograft bone blocks
surrounded by new bone. Active signs of osteoclast
activity were detectable at the outer limits of bone
blocks and along host ridge-graft interface. The newly
formed bone was well vascularized and showed vital
osteoblasts and fibrillar architecture (Fig. 13, 14, 15).

DISCUSSION

Bone autograft still remains the "gold standard”
in ridge augmentation procedures due to its
osteogenetic, osteoinductive and osteoconductive
proprieties. Allograft, on the contrary, only serves as
osteoconductive matrix for the new bone formation.
Although clinical studies have proven the reliability of
allografts (15-18), concerns about disease transmission
remain and the risk of immune responses cannot be
ruled out (25). The composition of the graft influences
both its rate of revascularization and mechanical
proprieties. The greater the medullar percentage is,
the lower the mechanical resistance and the earlier the
revascularization will be. Bone blocks have to be closely

up, eight submerged
implants were placed.

amount of keratinized

around each implant.

FIG. 10 Final aesthetic result.

FIG. 11 Ortopantomography after definitive prosthesis delivery.
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FIG. 12 Three years follow-up:
intraoral radiograph.

FIG. 13 Toluidine blue staining was used to show vital osteocytes. The new
bone was characterized by the presence of vital cells.

adapted to the host ridge with their cancellous side
placed towards the recipient site. A rigid fixation of the
blocks is mandatory. A movement of 10 to 20 pm during
the early stages of wound healing is enough to direct
differentiation of mesenchymal cells into fibroblasts
instead of osteoblasts (26), ultimately leading to failure
of the allograft. To obtain the maximum stability of
the graft, osteosyntesis screws should be screwed up
to palatal cortical plate.

Accuracy must be also taken into account during edge
shaping to avoid soft tissue laceration. A study from
Rothamel et al. (27) showed that the pericardium
membrane promoted the proliferation of human
osteoblasts.

The use of stereolithographic models allowed to shape
and adapt the bone blocks on a template almost
identical to host bone, thus reducing operative time.
Moreover, these procedures enable to place bone blocks
with respect to the diagnostic waxing up in order to
obtain the most favorable implant position.

CONCLUSION

This case report suggests the reliability of allogeneic
bone graft as restoring material. Pre-operative
adaptation of bone blocks onto a stereolithographic
model allowed to place the graft material so that an

June 2013; 5(2) © ARIESDUE

FIG. 14 A polarized light image of the previous field showed the fibrillar
architecture of the new formed bone surrounded by allograft bone with its
lamellar structure.

FIG. 15 Trichrome Gomori’s stain let to evaluate bone formation: a bone
trabecula in which were present both new bone in the upper side and
mineralized bone allograft in the central area. On the left side was also
visible a blood vessel.

axial distribution of masticatory loading along implants
could be obtained. Histologic results showed the
presence of newly formed bone surrounding the graft
material, sign of active remodeling.

The follow up after three years did not reveal any bone
graft failure and all the implants showed good clinical
and radiographic signs.
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