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Reconstruction of a Post-Traumatic
Maxillary Ridge Using a Radial Forearm

Free Flap and Immediate Tissue
Engineering (Bone Morphogenetic
Protein, Bone Marrow Aspirate

Concentrate, and Cortical-Cancellous
Bone): Case Report

James C. Melville, DDS,* Ramzey Tursun, DDS,y J. Marshall Green III, DDS,z
and Robert E. Marx, DDSx
The purpose of this article is to describe reconstruction of the maxillary alveolar ridge by use of a
microvascular free flap combined with an immediate tissue-engineered bone graft. This novel surgical

technique involved the use of a radial forearm free flap and immediate allogeneic avascular bone graft

augmented with bone morphogenetic protein and bone marrow aspirate concentrate. A poly-D,L-lactic

acid mesh was used as a containment unit for the bone graft. The patient was successfully treated with

a viable radial forearm free flap for soft tissue and regeneration of bone with adequate height and width,

which allowed the placement of 3 dental implants with excellent arch coordination. We believe this is the

first published case describing such a technique to reconstruct the maxillary alveolus.
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The purpose of this case report is to describe recon-

struction of a post-traumatic maxillary alveolar ridge

defect by use of a microvascular free flap combined

with an immediate avascular allogeneic bone graft

with recombinant human bone morphogenetic pro-

tein 2 (rhBMP-2) and bone marrow aspirate concen-

trate (BMAC). We believe this is the first published
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case describing such a technique to reconstruct the

maxillary alveolus. As per the University of Miami

Institutional Review Board policy, case reports and

case series of 3 patients or fewer are exempt and do

not require Institutional Review Board approval.

Appropriate consent was obtained from the patient

in this case report.
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FIGURE 1. A, Loss of left maxillary alveolar ridge from left
maxillary central incisor through second premolar. B, Post-
traumatic defect with fibrous scar tissue.
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FIGURE 2. Panoramic radi
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Case Presentation

A 45-year-old woman presented to the Department

of Oral and Maxillofacial Surgery, University of

Miami/Jackson Memorial Hospital, 4 months after a

motor vehicle accident and subsequent repair of facial

fractures at another institution. On initial presentation

to our department, the patient was noted to have defi-

cient projection of the left malar region, loss of left
maxillary ridge alveolar bone, loss of dentition, upper

eyelid ptosis, and lower eyelid ectropion. A series of

operations were planned for the complete reconstruc-

tion of facial cosmesis, but the first planned surgical

procedure comprised reconstruction of the alveolar

bone height and restoration of the dentition with

endosteal implants. Because of the alvusive injury to

the patient’s anterior left maxillary alveolus, she was
missing the teeth from the left maxillary central incisor

through the second premolar (Figs 1, 2). She also

lacked the soft tissue necessary for a traditional

block bone graft or an onlay graft. A thorough

discussion of treatment options, including an All in 4

restoration option versus full-mouth extraction and

complete dentures versus bone grafting and place-

ment of implants, occurred. The patient opted for
the bone graft because shewould not agree to undergo

extraction of the remaining teeth.

Various osteocutaneous microvascular flaps such as

fibula free flap and osteocutaneous radial forearm flap

were considered, but all were too bulky or had an

incorrect geometric shape for the defect. After careful
ograph on initial visit.
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FIGURE 3. Exposure of alveolar defect.
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FIGURE 5. Placement of graft containing bone morphogenetic
protein, bone marrow aspirate concentrate, and allogeneic bone.
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consideration and a thorough discussion with the
patient, we decided on a novel reconstruction using

a radial forearm free flap combined with a tissue-

engineered bone graft consisting of allogeneic bone,

rhBMP-2, and BMAC. A modified Allen test was

performed to confirm that the ulnar artery had

adequate perfusion for the entire hand, which yielded

positive (normal) findings. The surgical procedurewas

performed by 2 teams: One team exposed and
prepared the alveolar defect and harvested the

BMAC from the iliac crest. The other team harvested

the flap from the radial forearm, whichwas under tour-

niquet pressure to minimize blood loss and maximize

visualization. The radial forearm skin paddle and

pedicle (radial artery and vena comitans) were raised

between the brachioradialis muscle and flexor carpi

radialis to the antidecubital fossa to gain adequate
pedicle length. Once the radial forearm flap was har-

vested, the radial artery was anastomosed to the left

facial artery and the vena comitans was anastomosed
FIGURE 4. Poly-D,L-lactic acid mesh carrier.
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to the facial vein. The area of the left maxillary ridge

was denuded of its scar tissue, and remaining bone
was exposed (Fig 3). Thirty milliliters of crushed corti-

cocancellous bone (University of Miami Tissue Bank,

Miami, FL) and a small rhBMP-2 kit (Infuse; Medtronic

Sofamor Danek, Memphis, TN) were mixed with 60 cc

BMAC. The tissue-engineered graft was placed and

packed onto the defect with SonicWeld Resorb x

(KLS Martin, Jacksonville, FL), a 100% amorphous,

noncrystalline poly-D,L-lactic acid mesh (Figs 4, 5).
The radial forearm flap was then sutured around and

over the graft (Fig 6).

With an uneventful postoperative course, the

patient was discharged after 6 days. After 6 months,

on cone beam computed tomography, the bone graft

showed ossification and consolidation for the place-

ment of dental implants. The flap was viable with

good perfusion and Doppler signal throughout the
6 months. Clinically, the reconstructed alveolar ridge

showed excellent height and ridge formation, and
FIGURE 6. Radial forearm flap positioned over tissue-engineered
bone graft.
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FIGURE 7. Cone beam computed tomography scan obtained 5 months postoperatively showing consolidation and maturation of avascular
bone graft underneath radial forearm flap.

Melville et al. Maxillary Ridge Reconstruction. J Oral Maxillofac Surg 2017.

MELVILLE ET AL 438.e4
the skin of the radial forearm flap was mucosalized

(Figs 6, 7). Three dental implants were placed in

solid bone (Figs 8, 9); at the same time, a
vestibuloplasty was performed with a split-thickness

skin graft from the thigh (Figs 10, 11). The patient

was referred to a maxillofacial prosthodontist for

placement of a fixed partial denture for the

reconstructed ridge.
Discussion

The treatment plan for maxillary defects, both post-

traumatic and post-oncologic, is determined by the
amount of tissue loss and the location of the defect.

The use of nonvascularized alveolar block bone grafts

has been successful but requires adequate soft tissue.1,2
FIGURE 8. Six months after placement of radial forearm free flap
and bone graft containing bone morphogenetic protein and bone
marrow aspirate concentrate.
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Composite free vascular grafts, such as fibula2-4 and

deep circumflex iliac artery flap,5 have a solid track

record for reconstruction of the maxilla but are too
large for segmental alveolar ridge reconstruction.

The osteocutaneous radial forearm free flap has been

used to reconstruct limited low-level defects with a

considerable soft tissue component.6 However, the

flap’s inadequacy to repair large-volume defects and

limited bone stock (recommendations have been

made to take only 30% of the cross-sectional area to

avoid postoperative radius fracture) make it less than
ideal for the placement of dental implants and prevent

it from being the first choice in many maxillary

reconstructions.7,8

Our choice for reconstruction was the radial

forearm fasciocutaneous flap combined with an
FIGURE 9. Debulking of skin paddle showing excellent ridge
formation.
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FIGURE 10. Placement of 3 endosteal implants into reconstructed
alveolar ridge.
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immediate tissue-engineered graft using allogeneic

bone, bone morphogenetic protein (BMP), and
BMAC. This combination provided ample soft tissue

with the ability to mold to the exact specifications of

the defect. The radial forearm fasciocutaneous flap is

the most reliable and versatile flap for head and neck

reconstruction of small to medium defects.9 The radial

forearm flap was first developed and described by

Song et al10 in China in 1982 as a fasciocutaneous

flap. It also has a proven track record for soft tissue
maxillary reconstruction.11,12 The desirable traits of

the flap include ease of harvest, low donor-site

morbidity, flap skin that is thin and pliable, and vessels

(radial artery, cephalic vein, and/or vena comitantes)
FIGURE 11. Endosteal implants in reconstructed maxillary ridge o
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that have long pedicles and are large in caliber.13 The

Allen test is the most important preoperative evalua-

tion to assess the adequacy of the circulation to the

hand through the ulnar artery to avoid the

catastrophic complication of an ischemic hand.14

The use of an in situ tissue-engineered graft contain-

ing allogeneic bone, BMP, and BMAC has been

reported extensively for immediate maxillofacial
reconstruction,15,16 but its use combined with a free

flap is limited. Kim et al17 described a technique using

a fibula free flap combined with tissue engineering for

reconstruction after resection of an ameloblastoma.

Warnke et al18 described the use of a tissue-

engineered graft implanted in the latissimus dorsi to

create a prefabricated vascular graft to reconstruct

the mandible.
The largest concern with the combination of a graft

containing BMP and a free flap is postoperative

edema,19 which can cause an increase in vascular resis-

tance leading to flap failure. Because of the pliability of

the skin and large-caliber vessels, the radial forearm is

more accommodating to edema. There was no

compromise in vascular perfusion or the viability of

the flap throughout its postoperative course in
our patient.

Although the radial forearm is the most reliable

flap in head and neck reconstruction, it is critically

important to have a thorough discussion of the associ-

ated risks, complications, and alternatives before one

proceeds with the procedure. The complications

include an unsightly scar at the donor site, skin graft

failure, tendon exposure, dysesthesia, reduced
n cone beam computed tomography 1 week postoperatively.
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strength and sensation, motor nerve damage to the

hand, cold-induced symptoms, swelling of the hand,

stiffness of the joints, fractures of the radius, and an

ischemic hand.20,21

A post-traumatic maxillary alveolar ridge can be a

challenge to reconstruct because of the lack of healthy

soft tissue, fibrosis of existing tissue, and proximity of

the nasal floor. A traditional reconstruction technique
such as avascular bone grafting requires soft tissue to

adequately cover the graft. Unfortunately, the remain-

ing soft tissue is often scarred, inadequate, or absent in

post-traumatic or post-oncologic defects.

Alternatively, osteocutaneous flaps such as a fibula

free flap provide both vascular soft tissue and bone,

but these flaps often contain too much bulk for proper

prosthetic restoration. This case report presents a
novel technique for reconstructing these difficult

defects with a combination of free vascular tissue

transfer and avascular bone graft by use of in situ tissue

engineering, allowing the bone to be molded and

contoured into the correct anatomic position for

restorative needs.
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