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Maxillary Tuberosity Block Bone Graft:
Innovative Technique and Case Report

Len Tolstunov, DDS*

Hard tissue defects resulting from trauma, infection, or tooth loss often lead to an unfavorable anatomy of
maxillary and mandibular alveolar processes that become not suitable for implant therapy without bone
grafting. The goal of pre-implant bone augmentation of the deficient alveolar ridge is reconstruction of the
proper alveolar anatomy through the techniques of socket preservation, horizontal and vertical ridge aug-
mentation, sinus bone grafting, and others. A variety of bone grafts and bone grafting materials have been used
in the last 30 years for augmentation of deficient alveolar ridge for the purpose of implant treatment of
partially and completely edentulous patients. Bone grafting options include autogenous, allogeneic, xenoge-
neic, synthetic bone, and combination of above. Autogenous bone grafts are considered “the gold standard”
due to their compatibility and osteogenic potentials to form the new bone by processes of osteogenesis,
osteoinduction, and osteoconduction. A particulate and block autogenous bone has been used for correction
of alveolar ridge deficiency. Extraoral sites of autogenous block grafts include: ilium, calvarium, tibia, rib, and
others. Intraoral sites of autogenous block grafts include symphysis and retromolar-ramus areas. In the clinical
practice, a maxillary tuberosity bone graft has often been used as a particulate graft for augmentation of
deficient alveolar ridge or maxillary sinus prior to or simultaneously with implant insertion. This article
presents an innovative technique and reports a case of the maxillary tuberosity block bone graft that can be
used to correct moderate to severe localized defects of the alveolar process prior to implant placement.
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axillary tuberosity particulate graft, often in combi-
ation with a variety of bone graft substitutes, has
een described in the literature and used in clinical
ractice as a source of autogenous bone for correc-
ion of bone deficiencies of the maxillary or mandib-
lar alveolar ridges1-5 and subantral augmentation (si-
us lift).6-10 It can also be used during a ridge-widening
echnique between cortical plates by inserting the par-
iculate graft into the surgically created gap (split).2

mmediate and delayed implant placement after the
axillary tuberosity particulate grafting has been de-

cribed.2,7

The mandible is a common source of autogenous
onocortical block bone grafts from the chin and

amus for mainly horizontal and sometimes vertical
ugmentation of the alveolar ridge defects11-27 and
ccasionally for sinus floor elevation28 in implant re-
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1723
onstruction cases. Mandibular tori are also described
s a rare donor site for successful block grafting.29

On the basis of an extensive PubMed search of the
ublished literature, no reports (to our knowledge)
ere found describing an intraoral block bone graft
arvested from the maxillary tuberosity. In this case
eport, maxillary tuberosity block bone graft (MTBBG)
as successfully used for correction of the alveolar

idge defect and implant reconstruction of the poste-
ior maxilla. This new technique is described and
uggested as an alternative source of intraoral autog-
nous block bone graft.

eport of a Case

A 59-year-old man was referred to our surgical prac-
ice for an implant consultation. His medical history
as noncontributory. He was interested in replace-
ent of his missing upper right posterior teeth,
hich he had lost about 5 years previously because of
ecay. He did not have dentures or any other treat-
ent for missing teeth and was interested in fixed

mplant restorations. On examination (Figs 1, 2), the
atient had a Class I malocclusion, group function on
he left and cuspid disclusion on the right side, miss-
ng upper right premolars and first and second mo-
ars, mild super-eruption of opposing teeth in the
ower right quadrant (second premolar and first and

econd molars), and otherwise stable remaining den-
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1724 MAXILLARY TUBEROSITY BLOCK BONE GRAFT
ition. The edentulous region in the upper right quad-
ant was analyzed for implant treatment. It had the
ollowing parameters: 28 mm of functional alveolar
ength along the arch, alveolar width of 6 mm in the
rea of both premolars and 8 mm in the area of the
rst and second molars, 6 mm of interocclusal height
upper alveolar ridge to the occlusal surfaces of the
pposing teeth), and good attached mucosa and ap-
ropriate depth of vestibule. The patient also had a
ronounced maxillary tuberosity in the same quad-
ant (Fig 3) extending into the vestibule with a local-
zed exostosis, measuring about 1 cm in length and 1
m in width. The panoramic radiograph (Fig 2)
howed an adequate amount of vertical bone measur-
ng about 12 to 13 mm below the floor of the right

axillary sinus for implant insertion. On the basis of
linical, radiographic, and model evaluations (Fig 4),
t was clear that the alveolar ridge in the region of the
ight maxillary premolars had moderate to severe lo-

IGURE 1. Preoperative intraoral clinical photograph (occlusal
iew) showing edentulous right alveolar ridge of posterior maxilla.

en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.

IGURE 2. Preoperative panoramic radiograph showing edentu-
ous right maxillary posterior region and proximity of maxillary
inus.
en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.

L
M

alized resorption (width deficiency) that precluded
rosthetically guided implant placement in that location
ithout the addition of bone graft.

DIAGNOSIS

The complete stomatognathic diagnosis of this pa-
ient consisted of skeletal Class I maxillomandibular
elationship, Class I malocclusion, functional mastica-
ory compromise resulting from loss of maxillary pre-
olar and molar teeth on the right side, severe local-

IGURE 3. Preoperative intraoral evaluation showing hypertro-
hic right maxillary tuberosity.

en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.

IGURE 4. Preoperative model showing significant alveolar ridge
eficiency in right maxillary premolar region.
en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.
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LEN TOLSTUNOV 1725
zed horizontal bone deficiency of the upper right
axillary alveolar ridge in the premolar region, and
ypertrophic right maxillary tuberosity.

TREATMENT PLAN

To correct the extensive 3-dimensional alveolar
idge defect, 1 of 3 commonly used techniques could
otentially be chosen for this case: block bone graft,
idge-splitting or ridge-widening procedure, and dis-
raction osteogenesis. Because of the mainly horizon-
al localized severe ridge deficiency, our surgical pref-
rence in this case was an intraoral block graft. The
raditional intraoral sites for autogenous block graft,
uch as the mandibular symphysis and ramus, were
onsidered. A large maxillary tuberosity in close prox-
mity to the recipient site was observed. The conve-
ience of this nontraditional donor site as a block
raft led us to consider its use. A literature search did
ot show any information about this source of block
raft or a description of the technique. After consid-
ring the advantages and disadvantages of all intraoral
lock grafting sites, the proximity (surgical conve-
ience) and size (appropriate donor-recipient match)
elped to finalize the donor site choice—the maxil-

ary tuberosity. The patient’s treatment plan included
arvesting of the MTBBG to correct adjacent horizon-
al alveolar bone deficiency, followed by delayed in-
ertion of 3 implants into the right posterior maxilla 4
o 6 months later. The patient agreed to undergo the
rocedure and signed the consent form. A surgical tem-
late and mounted models were ready to determine the
xact position of the graft and implant sites.

OPERATIVE PHASE

The procedure was done with the patient under
ocal anesthesia. A full-thickness mucoperiosteal flap

IGURE 5. Intraoperative view of right maxillary tuberosity before
ts harvest (donor site).
a
en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.
as elevated from the canine to and behind the max-
llary tuberosity. A large 1 � 1–cm exostotic maxillary
uberosity was visualized (Fig 5). An irregularity of the
uccal cortical outline and alveolar ridge resorption

n front of the tuberosity (premolars region) were also
bserved. The recipient site was prepared to receive
block graft by smoothing irregular bone, creating an
ppropriate mildly concave surface, and making mul-
iple small cortical perforations for the vascular in-
rowth for the graft (Fig 6). The tuberosity had an
rregular shape and was slightly reduced and rounded
ff. A KaVo saw (KaVo Dental, Lake Zurich, IL) was
sed to section off the entire vestibular extension of
he tuberosity in a sagittal plane. The graft measured
0 mm in width and 10 mm in length. The harvested
lock of bone was moved within the margins of the
ame wound forward and into the prepared premolar
rea, showed good adaptation, and was fixated with
hree 1.2-mm Leibinger mini screws, measuring 10 to
2 mm in length (Stryker Leibinger, Kalamazoo, MI)
Fig 7). An additional amount of particulate mixture
rom the same maxillary tuberosity plus 0.25 g of
enograft Bio-Oss (Osteohealth, Shirley, NY) was
dded around the block graft on the buccal side. A
ull-thickness flap was mobilized and closed primarily
ith No. 4 Vicryl suture (Ethicon, Somerville, NJ).
he patient tolerated the procedure well and received
1-week course of amoxicillin, Peridex mouth rinse

3M, ESPE Dental Products, St Paul, MN), and standard
ostoperative instructions.
Six months after surgery, the patient was re-evalu-

IGURE 6. Intraoperative view of resorbed alveolar ridge. The
ecipient site was prepared, and multiple small cortical perforations
ere made for the vascular ingrowth toward the MTBBG.

en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.
ted for the implant procedure. A panoramic radio-
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1726 MAXILLARY TUBEROSITY BLOCK BONE GRAFT
raph was obtained, and the study models and surgi-
al stent were prepared (Figs 8, 9). The alveolar ridge
n the right posterior maxilla was measured again and
ad the following parameters: 28 mm of functional
lveolar length along the arch, 9 mm of alveolar width
long the entire alveolar ridge (2 premolars and 2
olars region), and 6 mm of interocclusal height. The
atient was scheduled to undergo surgical stage 1
lacement of 3 AstraTech implants (AstraTech,
altham, MA) in the maxillary posterior region under

ocal anesthesia. A buccal full-thickness flap was again
levated in the maxillary posterior region. An alveolar
idge of adequate width for implant placement was
isualized. Intraoperative examination showed that
he grafted bone looked similar to the adjacent alve-
lar bone with some parts of it (buccal extension)
eing recognizable and intact (Fig 10). A mild degree
f superficial resorption of the grafted cortical bone

IGURE 7. MTBBG from the right posterior maxilla was fixated to
he recipient site with 3 miniscrews.

en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.

IGURE 8. Preimplant panoramic radiograph 6 months after
TBBG. Three fixation screws can be seen. Radiographically, the

rafted bone looks similar to the adjacent alveolar bone.
en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.

L
M

as noticed. Three fixation (Leibinger) screws were
emoved, and 3 AstraTech MicroThread fixtures were
laced with the aid of the surgical stent (Fig 10). To
etter use the functional space, implants were in-
erted into the position of the second molar, with 5 �
3 mm fixture; second premolar, with 5 � 11 mm
xture; and first premolar, with 4 � 15 mm fixture.
oth premolar implants were placed into the solid
lveolar bone augmented by MTBBG. The flap was
losed with No. 4 chromic gut sutures primarily. The
atient tolerated the procedure well and received a
-week course of amoxicillin, Peridex mouth rinse,
nd postoperative instructions.

Surgical stage 2 placement of healing abutments
AstraTech Zebra, 4.5 mm) was done 5 months later
or all 3 fixtures with a punch technique. All 3 im-
lants were well osseointegrated. One month later,
he patient was referred to his restorative dentist for

IGURE 9. Preoperative view of surgical stent with metal inserts
cylinders) for guiding placement of 3 implants.

en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.

IGURE 10. Intraoperative photograph of surgical site. Three
aralleling pins were placed before insertion of 3 AstraTech

mplants.
en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.
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LEN TOLSTUNOV 1727
he prosthetic stage. After completion, the patient
eturned to our surgical office for clinical examination
nd panoramic radiography (Fig 11). He underwent
estoration with a 3 implant–supported 4-unit porce-
ain-fused-to-metal bridge; had an excellent func-
ional, occlusal, and esthetic result (Fig 12), and was
ery satisfied with his treatment.

iscussion

Autogenous bone, because of its compatibility and
steogenic, osteoinductive, and osteoconductive po-
entials, is often preferred over xenograft, allogeneic,
nd synthetic bone substitutes. In a recent report,
uman maxillary tuberosity was considered to be a
uitable source of osteoprogenitor cells for bone tis-
ue engineering.30 At the same time, the quality of
one in the posterior maxilla, especially in the max-

llary tuberosity region, is usually substandard (type 4)
nd consists mainly of a thin cortical layer and a
ixture of marrow spaces, adipose tissue, and a small

mount of vital osteogenic cells.1 Despite this, the
axillary tuberosity as a donor site for particulate

one is used commonly for implant-related correction
f small atrophic, traumatic, and periodontal bone
efects of the alveolar ridge5 and for subantral aug-
entation.7-9

Expansion or overgrowth of the maxillary tuberos-
ty is a very common feature that a clinician may
ncounter at the time of evaluation for complete
axillary denture construction in edentulous pa-

ients. It is often trimmed (excised) by surgical spe-
ialists to remove undercuts and facilitate conventional
enture prosthetics. In many implant reconstruction
ases involving the partial or complete arch, an enlarged
axillary tuberosity is often overlooked as a potential

IGURE 11. Panoramic radiograph at completion of restorative
tage showing 3 implant–supported bridge in right posterior
axilla.

en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.
ource of autogenous block bone graft.
L
M

Quantitative comparison of different intraoral grafts
s not easy because of variability in surgical ap-
roaches. It has been reported that symphyseal (chin)
lock graft from the anterior mandible—which is cor-
icocancellous in nature—can average 4 to 5 mL of
olume, with a mean block size of approximately
1 � 10 � 7 mm.25 A ramus block graft from the
osterior mandible—mainly cortical in substance—
an be the same size or larger depending on the
articular donor site (ascending ramus, external
blique ridge, retromolar, or molar area) and the size
f the alveolar deficiency that requires augmentation.
he size of MTBBG—which is corticocancellous in
uality—also depends on the size of the maxillary
uberosity (donor site) and the alveolar defect (recip-
ent site). It appears that an ideal match for this type
f block graft would be a horizontal (width) defect of
he maxillary posterior or anterior alveolar ridge of 1
o 2 cm in length (similar to that used in our patient).
he tuberosity can be shaped or reduced slightly
efore harvesting and can be fixated with 2 to 3
iniscrews to the prepared recipient bone. Bilater-

lly, enlarged maxillary tuberosities can offer a block
rafting material for the larger area of localized alve-
lar resorption of 2 to 4 cm.
There are many advantages of using MTBBG over

ther intraoral sources of autogenous block grafts
symphysis, ramus). Symphyseal (chin) block grafts
arry a possibility of lower incisor tooth numbness or
ooden sensation, temporary or permanent mental
erve injury,31,32 incisor tooth injury, lingual cortex
racture and perforation into the lingual soft tissue,15

ncomfortable scarring in the lower vestibule, es-
hetic disharmony of the lower facial contours, and so
n. Ramus block grafts bear a possibility of inferior
lveolar nerve paresthesia or anesthesia, decreased
ensitivity in the posterior vestibular mucosa (corre-

IGURE 12. Intraoral clinical photograph at completion of restor-
tive stage showing maxillary posterior porcelain-fused-to-metal
-unit implant-supported bridge.
en Tolstunov. Maxillary Tuberosity Block Bone Graft. J Oral
axillofac Surg 2009.
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1728 MAXILLARY TUBEROSITY BLOCK BONE GRAFT
ponding to the injury of the long buccal nerve),31

ignificant postoperative discomfort, swelling, and
leeding, among other complications. Both autoge-
ous block grafts (chin and ramus) have the inherent
echnical challenges of removing a block graft from
he usually dense cortical bone with a saw or bur, as
ell as lack of postoperative complete regeneration
f the donor site to the preoperative level.32 The last
rawback often requires an additional allograft or
enograft with or without a resorbable membrane to
epair the newly acquired donor site defect at the
ime of grafting.33 Silva et al,34 comparing complica-
ions of intraoral donor sites for bone grafting before
mplant placement, reported that the major discom-
ort reported by patients was some degree of sensory
eficit in the lower lip and mental area. Compara-
ively, it was found in 16% of cases after chin grafting
nd in 8.3% of cases after ramus grafting. No compli-
ations were found involving the maxillary tuberosity
particulate) graft.

As with any autogenous extraoral or intraoral graft,
here is always an inherent possibility of postopera-
ive graft resorption after approximately 4 to 6 months
r more, if bone is not loaded with implants.24,35 That is
hy a comprehensive staged treatment plan should

nclude both phases of implant reconstruction: a pre-
mplant phase of bone augmentation followed by an
mplant phase of implant insertion, eventually culmi-
ating with a restorative stage.
The medical condition of patients is also important

n the selection process of patients who will benefit
rom this type of surgery. Intraoral bone block grafts
ay not be an ideal option for (uncontrolled) diabetic
atients and (heavy) smokers.19

The maxillary tuberosity is often overlooked during
mplant evaluation as a potential candidate for not
nly particulate but also block bone grafts for local-

zed defects of the alveolar ridge. A clinical examina-
ion of the maxillary tuberosity region should be part
f the routine evaluation of patients when an intraoral
lock bone graft is contemplated. Modern cone beam
T scan (in addition to panoramic imaging) can offer
etailed anatomy of the maxilla and mandible that can
elp to make a 3-dimensional preoperative assess-
ent of the best source of block graft.
It seems that the use of the maxillary tuberosity, if

arge enough and suitable for a block graft, can be a
elatively simple and valuable alternative technique
hat can offer an intraoral corticocancellous autoge-
ous graft with fewer intraoperative difficulties and
ostoperative complications, no need to repair the
onor site, and excellent potential to correct localized
lveolar ridge defects. It is also a source of both block
nd particulate autogenous bone.

Further research comparing different intraoral sites

f block bone grafting for implant treatment can help
o evaluate the advantages and disadvantages of one
raft over another.
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