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Abstract

There are several pre-prosthetic reconstructive options to prepare the
severely resorbed maxilla to receive endosseous dental implants. The con-
ventional LeFort I Osteotomy is one technique that will address both skel-
etal and soft tissue deficiency. Although this technique has historically
required an abundant amount of autogenous bone graft transfer, we
describe an application that takes advantage of autogenous cellular marrow,
with minimal surgical morbidity.

Introduction

Pre-prosthetic surgery for the preparation of the
severely atrophic maxilla to receive endosseous dental
implants can be a challenge. Often, patients with
atrophic maxillae present with not only a functional
impairment, but also an esthetic deficit due to a lack of
proper paranasal soft tissue architecture secondary to
poor skeletal support. This pattern of progressive
resorption gradually leads to a class III skeletal profile
and significantly accentuates the aging appearance of
the face. Demographically, most patients with severely
atrophic maxillae are beyond the fifth decade of life and
have other systemic co-morbidities that can preclude
them from being candidates for an extended surgical
encounter. Even in adequate surgical candidates, the
quality and quantity of autologous osteocompetent
cells gradually decline with age1.

Several different surgical options are available for the
management of severely atrophic maxillae for the
purpose of implant-supported or implant-retained

prostheses. A non-exhaustive list would include the
following: (i) the classic LeFort I osteotomy (LFO)
advancement and downgraft with interpositional
autogenous cancellous marrow or cortico-cancellous
block graft; (ii) autogenous cortico-cancellous block
onlay graft combined with bilateral posterior direct
sinus lift; (iii) microvascular free fibula transfer; and
(iv) selective placement of tilted implants including
recruitment of the zygomatic bone as a point of
anchor2–4. The first three options require a second
extra-oral harvest site with varying degrees of surgical
morbidity. The fourth option is beginning to hold an
expanding role in the rehabilitation of the edentulous
patient but still requires some degree of basal bone for
implant placement.

In this particular discussion, the LFO, more appropri-
ately named the full maxillary osteoperiosteal flap, has
the advantages of re-establishing skeletal form,
enhancing vertical dimension of occlusion and allowing
for adequate bone height throughout the entire maxil-
lary arch5. Historically, this has demanded a
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significant volume of autogenous bone graft that
involved an extra-oral harvest site from either the
anterior or posterior iliac crest6. From a practical stand-
point, the most important factors in autogenous bone
transfer are the amount of cellular marrow transplanted
with the bone graft, the vascularity of the tissue bed and
maintenance of graft stability7. Considering these three
basic parameters of autogenous bone grafting, it is
evident that the quantity of transplanted cellular
marrow and the vascularity of the recipient tissue bed
are patient-dependent factors, while surgical technique
is the primary determinant of graft stability. In light of
these foundational principles, any advancement in sur-
gical therapy would have to provide the same quantity
and quality of osteocompetent cells, minimally impair
tissue vascularity, decrease surgical morbidity and be
compatible with current stabilisation techniques. Given
the progression of regenerative surgical medicine, this
case report illustrates the classic LFO in combination
with a modern composite bone graft technique that uti-
lises tissue engineering principles for the reconstruction
of severelyatrophicmaxillae.

Case report

A 60 year-old female presented to our department in
September 2013 for evaluation of maxillary bone
grafting and implant placement due to her dissatisfac-
tion with her maxillary conventional complete
denture. The patient reported a 40 year history of
maxillary edentulism and had previously been pleased
with the retention of her maxillary denture, but as
bone loss progressed, her satisfaction dwindled. The
prosthodontic plan included a maxillary implant-
supported prosthesis. The patient’s medical history was
significant for hypertension, hyperlipidemia and
osteoporosis. Her medications included lisinopril,
simvastatin, calcium and vitamin D supplements. Of
note, the patient’s primary care physician had pre-
scribed alendronate weekly for approximately 3 years
but had discontinued the drug in June 2013.

Upon examination, the patient had an unremarkable
extra-oral, intra-oral and radiographic pathology
screen. Her maxilla was severely atrophic with a
knife-edge anterior ridge and shallow buccal and labial
vestibule contributing to poor support and retention of
her maxillary denture (Fig. 1). She had previously
completed extensive prosthodontic treatment on her
mandible, including implants at sites #19 and 30 and
all-ceramic restorations on #21–29, which likely con-
tributed to her combination syndrome. Cone beam
tomography revealed a Cawood class VI severely
atrophic maxilla and bilateral excessively pneumatised

maxillary sinuses (Fig. 2)8. In the sagittal plane, her
maxilla demonstrated the expected projection loss
which left her with a skeletal antero-posterior defi-
ciency relative to the mandible; however, her maxillary
transverse dimension was acceptable for future implant
placement and restoration.

Surgical technique

The surgical treatment included a LFO advancement
and downgraft with an interpositional composite bone
graft. The surgery commenced with the standard
circumvestibular full-thickness incision, full-thickness
mucoperiosteal flap elevation with elevation of
the nasal floor (Fig. 3A). A piezoelectric handpiece
(Piezosurgery Inc, Columbus, OH, USA) was then used
to create bilateral antral windows to elevate the sinus
membrane from the floor and medial wall of the max-
illary antrum (Fig. 3B). Lateral osteotomies were then
made from the pterygomaxillary junction bilaterally to
the piriform rim, and osteotomes were used to separate
the lateral nasal walls and the nasal septum from the
maxillary crest. A thin curved osteotome was then used
at the pterygomaxillary fissure to assist release of the
maxilla from the pterygoid plates bilaterally. This was
followed by careful downfracture of the maxilla with
finger pressure in an effort to prevent an untoward
fracture. The Rowe disimpaction forcep was then used
to stretch the soft tissue and allow passive repositioning
of the maxilla. Her maxilla was then hand-positioned
approximately 8 mm anteriorly and 8 mm inferiorly.
Preformed 1.7 mm LeFort I plates (Stryker, Kalamazoo,
MI, USA) were used bilaterally and secured with eight
2.0 × 6 mm screws on each piriform rim region
(Fig. 3C). At this point, the surgical team transitioned
to the ilium and using a standard Progenicare harvest
kit (Progenicare, LLC, Austin, TX, USA), procured

Figure 1 Preoperative occlusal view of the maxilla.
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60 mL of bone marrow aspirate from the anterior ilium
using the technique described by Marx and Tursun9.
The aspirate was then placed into a double-spin cen-
trifuge (Harvest Technologies Corporation, Plymouth,
MA, USA) programmed to a density approximating
marrow stromal cells. The final bone graft included
4.2 mg rhBMP-2/acellular collagen sponges (INFUSE©,
Medtronic, Minneapolis, MN, USA), 25 cc freeze dried
mineralised allogeneic bone (Musculoskeletal Trans-
plant Foundation, Edison, NJ, USA) and 10 mL of bone
marrow aspirate concentrate (BMAC). Both the
rhBMP-2 and allogeneic bone were prepared and
reconstituted using the manufacturers’ recommenda-
tions. The composite bone graft was then admixed into
one container and attention was directed to the
intraoral site (Fig. 3D). The recipient site was irrigated
with isotonic solution and the overlying Schneiderian
membrane, and nasal mucosa was interrogated for
fenestrations. Small rents were found at the posterior
medial margins bilaterally of the sinus membrane and
at the confluence of the mid maxillary spine and nasal
mucosa. Allogeneic tensor fascia lata (ENTrigue Surgi-
cal Inc., San Antonio, TX, USA) was then placed in the
respective regions to serve as a barrier between the
bone graft and the sinus/nasal cavity. The deposition of
the bone graft began with placing one of the two

rhBMP-2 acellular collagen sponges which had been
cut into small (approximately 5 × 5mm) squares in
direct contact with exposed bone of the nasal and sinus
floor. This was then followed by placement of the bone
graft composite in a uniform layering fashion
throughout the remainder of the interpositional
chamber (Fig. 3E). Condensation of the bone graft
commenced by demarcating the posterior limit and
working anteriorly towards the anterior nasal spine.
This progressive pattern was in an effort to minimise
dislodgement of bone graft material posterior to the
down fractured maxilla and maintain the position of
the previously positioned fascia lata membrane. This
was then followed by layering of partially coagulated
platelet-rich plasma (a residual product of BMAC) onto
the lateral surface of the bone graft chamber and
placement of additional tensor fascia lata membrane on
the lateral wall (Fig. 3F). Standard closure included an
alar cinch, V-Y approximation and mucosal closure in a
tension free manner (Fig. 3G).

Standard post-surgical instructions and medical
therapy were prescribed. The patient was instructed to
not wear her removable prosthesis for 4 weeks and to
maintain a soft diet for 6 weeks. She was compliant
with home care instructions and did not encounter any
untoward complications during the healing phase.

Figure 2 (A) Preoperative coronal and sagittal

cone beam computed tomography views of

severely atrophic maxilla, pneumatised maxil-

lary sinuses and anteroposterior deficiency of

maxilla. (B) Orthopantomogram.
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Approximately 7 months following consolidation, a
cone beam CT was taken for treatment planning
(Fig. 4). Image guidance was used to help fabricate a
surgical guide and position implants within the regen-
erated bone according to the final prosthodontic plan.
A total of one 5.0 × 11.5 mm and eight 4.0 × 11.5 mm
3i T3® (BIOMET 3i LLC, Palm Beach Gardens, FL, USA)
implants were placed. As anticipated, all osteotomy
sites were under-prepped by one shaping drill. Seven
out of the nine implants demonstrated at least 35 Ncm
of torque, and one of the 4.3 mm diameter implants at
the most posterior left maxilla was exchanged for a
5.0 mm diameter to obtain primary stability (Fig. 5A).
All osteotomy sites were evaluated at their apical
extent with tactile interrogation for a solid bone barrier,
and all sites demonstrated at least 11.5 mm of vertical
bone development to the alveolar crest. The gross

appearance of the interpositional zone grossly demon-
strated very vascular bone architecture with an imma-
ture outer cortex. Several of the screws positioning the
horizontal portion of the preformed 1.7 mm Lefort I
plates had to be removed to allow for placement for the
implants. Because several fixation screws were
removed, before soft tissue closure, the repositioned
maxilla was assessed for mobility and found to be stable
and clinically in union with the cranial base. Post-
operative imaging demonstrated well-positioned
implants into regenerated bone (Fig. 5B).

Discussion

Long-term data such as investigations of protocols for
the most appropriate treatment options for fixed reha-
bilitation of edentulous maxillae are limited. In reach-

Figure 3 (A) Incision design. (B) Elevation of

the sinus membrane and nasal floor. (C) Fixation

plates with repositioned maxilla. (D) Composite

bone graft consisting of BMAC, rhBMP-2 and

allogenic freeze-dried particulate cortico-

cancellous bone. (E) Interpositional chamber

with bone graft. (F) Placement of tensor fascia

lata membrane on facial aspect of graft. (G)

Primary closure of mucosa.
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ing a treatment plan, the surgeon has to primarily
consider the patient’s hard and soft tissue foundation,
maxillo-mandibular relationship and current physi-
ologic condition. Att and colleagues reviewed the pub-
lished data from 1980 to 2009 demonstrating that most
of the documented LFO and concurrent interpositional
bone grafts utilised cortico-cancellous autogenous
grafts from the iliac crest10. The survival rates of the
implants placed in reconstructed maxillae were
60–96.1% after an observed period of 1–9 years with
some suggestion that implant surface topography
might be a determinant for implant survival. Of par-
ticular note, a thin alveolar process was a considered a
relative contraindication to placement of block grafts
which has traditionally been quite popular10.

The cross-application of the LFO technique for the
purpose of preprosthetic augmentation has some
minor but critically unique steps that should be
emphasised. Unlike the classic sequence for an elective
LFO for the purpose of orthognathic surgery, this

application requires the initial osteotomy to be pre-
ceded by bilateral direct sinus lifts. In spite of variability
found in antral anatomy, the most likely location for
fenestration seems to be the posterior medial region of
the cavity. Previous reports have candidly attested to
the inevitable nature of acquiring tears within the sinus
or nasal cavity. In an effort to overcome these tears and
create a barrier between the regenerate chamber and
the sinus cavity, several techniques have been
described. In their analysis of 10 patients who under-
went this surgery, van der Mark et al. advocated the use
of autogenous corticocancellous blocks harvested from
the posterior iliac crest and shaped to the cross-
sectional dimension of the sinus and secured as an inlay
graft using resorbable sutures to the lateral sinus wall11.
Cawood et al. and Stoelinga et al. advocated a similar
technique to demarcate the roof of the regenerate
chamber but instead secured the block graft with two
microplates12,13. The obvious advantage of this hard
tissue superior stop is that it serves as a demarcating

Figure 4 (A) Immediate post-operative

coronal and sagittal views of CT scan demon-

strating interpositional particulate bone graft in

the downgrafted maxilla. (B) Post-operative

orthopantomogram.
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barrier and provides a firm foundation against which to
condense the particulate bone graft. The disadvantages
are the requirement for additional autogenous bone
and increased surgical time due to the technical
demand of shaping, fitting and fixation of the inlay
graft. In this case report, a long-lasting ENTrigue® fascia
lata membrane was used. Previous reports describe the
successful use of allogeneic tensor fascia lata as a
resorbable membrane in numerous other applications
including dorsal nasal augmentation and guided tissue
regeneration around dental implants14,15. Although
there are numerous iterations of slowly resorbing
membranes on the market, this particular brand had
good handling characteristics, maintained its shape in
spite of absorption of surrounding fluids and main-
tained its position once applied to recipient site. No
additional fixation maneuver was needed to stabilise
the membrane.

When considering the precarious procedure of
downfracturing an atrophic maxilla, special attention
towards force application and atrophic patterns is
required. Certainly, unfavourable fractures are a

potential complication of the LFO; in dentate patients,
the most commonly reported location is at the ptery-
goid plates16,17. Although most of the resorptive process
involves the alveolar ridge, bone loss also occurs in the
buccal aspect of the maxilla and the basalar palatal
bone. This resorptive pattern, compounded by dimin-
ished structural integrity of the maxilla and the loss of
the buttressing effect of the alveolus and the dentition,
has led to unfavourable fractures of the horizontal plate
of the palatine bone being a more common finding in
edentulous maxillae18.

Several maneuvers have been proposed to mitigate
some of the unique risks noted with edentulous max-
illae. The use of an oscillating saw to separate the
pterygomaxillary junction has been recommended
prior to completing the medial and lateral wall
osteotomies. This is an effort to make certain the
pterygomaxillary separation is complete and to mini-
mise radiating vibration of the partially cut maxilla. As
an alternative, separation of the maxilla at the posterior
tuberosity rather than the pterygomaxillary fissure has
been advocated in an effort to facilitate an easier sepa-

Figure 5 (A) Intraoperative placement of

implants. (B) Reconstructed orthopan-

tomogram immediately status post-implant

placement.
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ration19. The use of spreaders is discouraged due to
concentrated force they can create. Simple graduated
finger pressure is the recommended technique for
completion of the down fracture. Even after successful
separation of the maxilla from the cranial base, it is
prudent to handle the mobile maxilla with care to
minimise inadvertent fracture of bone which could
be utilised for rigid fixation. In this case, we used a
single piriform rim preformed plates bilaterally in a
semi-rigid fixation scheme due to subtle posterior
maxillary bone fractures that occurred during traction
of the maxilla which prevented lateral plating at the
zygomaticomaxillary buttress.

Understandably, the autologous corticocancellous
marrow graft has historically been considered the ‘gold
standard’ in pre-prosthetic reconstruction of the
severely resorbed maxilla due to its ability to predict-
ably satisfy the requirement for a successful bone graft
transplant. It has osteogenic capability because it con-
tains viable osteoblasts. The matrix scaffold that is
afforded by the cortical mineral component serves an
osteoconductive purpose. The osteoinductive compo-
nent of autologous grafts is still being elucidated, but
some pertinent bio-chemical constituents include the
release of bone morphogenetic proteins, platelet-
derived growth factors, transforming growth factors
and insulin-like growth factors20.

Although the traditional empiric data supports
autologous bone harvest, the emerging field of regen-
erative medicine continues to challenge some of our
presuppositions about bone regeneration. This case
report illustrates the use of a composite bone grafting
technique that fulfils all of the requirements necessary
to regenerate bone. The 4.2 mg rhBMP-2 used in this
case report was prepared in the prescribed fashion21.
Then, one of the two absorbable collagen sponges
(ACSs) was trimmed and placed adjacent to the bone of
the superior aspect of the downfractured maxillae.
This application was theorised to support signal
transduction of the osteoprogenitor cells that would be
found emanating from the bleeding bone of the
maxilla. The remaining ACS was then admixed with
the BMAC and allogeneic corticocancellous bone chips.
The allogeneic bone served as the osteoconductive
matrix, and the BMAC provided the necessary
mesenchymal stem cells (MSCs) that would induce
osteogenesis. Both bone marrow aspirate and
trabecular bone have been identified as sources of
MSC22. The bone marrow aspirate technique followed
by a density centrifuge concentration of the aspirate
allows for a much higher concentration of total nucle-
ated cells and, more importantly, the MSC necessary
for bone regeneration9. Although this is a very rudi-

mentary explanation, BMAC has been shown to
decrease autologous bone graft requirement for critical
sise osseous defects23.

There are many options to reconstruct severely
atrophic maxillae. Decision making is based upon
multiple factors including patient’s physiology, expec-
tation and available resources. Given the current soci-
etal desire for minimally invasive surgery and
expeditious end results, novice innovation will con-
tinue to address our patients’ demands. This case report
raises some very relevant questions that are left unan-
swered. Considering the cost and suggested liability
involved with using rhBMP-2, what is the minimum
amount required for such a reconstruction? Further-
more, with the expanding knowledge of the cellular
constituents of BMAC to induce BMP liberation, is
there a need for any exogenous BMP to be incorpo-
rated in these types of reconstruction? In this case
report, we used crushed freeze-dried allogeneic bone as
a scaffold and carrier for the BMAC, but is there a better
alternative? The orthopaedic literature has shown
various hyaluronic acid-based scaffold carriers that
have shown improved migration, proliferation and
differentiation of osteogenic cells compared with
allogeneic bone24,25. In summary, this case report dem-
onstrates a way in which we can bridge the gap
between the classic ‘gold standard’ autogenous bone
and other reconstructive methods utilising tissue engi-
neering principles.
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