FIGURE 8. (continued)

going reconstruction of the lateral wall of the nasal
cavity (nasal lining) by the transferred flap did not
have discomfort from nasal obstruction. Nine pa-
tients who had PMB reconstruction by vasculari-
zed bone graft were able to eat a regular diet with a
useable dental prosthesis. However, most patients
without PMB reconstruction were restricted to a
soft/pureed diet because of poor stability of their
dental prosthesis. In category II and III maxillary
defects (32 patients) in which the orbital floor
including the ZMB was removed, the orbital
contents were preserved in 12 patients. Nine
patients with reconstruction of the orbital floor,
including ZMB by vascularized bone or cartilage
graft, did not have malposition of eye globe and
diplopia. However, two patients with removal of
the titanium mesh grafted for ZMB reconstruction
and one patient with a fascia lata graft for orbital
floor reconstruction had mild to severe vertical di-
plopia. The remaining 20 patients with category II
and III maxillary defects underwent resection of
the orbital contents followed by simultaneous re-
construction of the eye socket with the transferred
flap. Only seven patients with preservation of up-
per and lower eyelids were able to wear an ocu-
lar prosthesis.

Secondary surgical revisions were required in
seven patients to improve their facial appearance.
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Debulking of the flap, Z-plasty for the flap margin-
al scar, shaving of the grafted bone, and blephar-
oplasty on the upper eyelid were performed in six
patients. In addition, one patient underwent a free
flap surgery for soft tissue augmentation and
reanimation of facial palsy (Figure 8).

DISCUSSION

With the development of a vascularized composite
autograft using a microsurgical technique, recon-
struction of extensive maxillary defects has been
achieved to a high level of functional and aesthetic
results.*®7 2! However, few published large se-
ries describe a surgical approach to maxillary
skeletal reconstruction based on the extent of
resection of the maxillary bone.’® In 1998, we
introduced the concept of buttress reconstruction
for restoration of maxillary skeletal defects.” The
concept was derived from the principles of ana-
tomic restoration of the vertical and horizontal
maxillary buttresses in the surgical management
of complex midfacial fractures.?®*3 First, in this
retrospective study, the maxillectomy defects were
analyzed according to removal of maxillary but-
tresses because understanding the skeletal defect
of maxilla is the first key point in approaching
effective maxillary reconstruction.?*?% Maxillec-
tomy defects of this series were divided into three
categories on the basis of anatomic sites of re-
section. Compared with the classification system
for maxillectomies from Memorial Sloan-Kettering
Cancer Center, a category I maxillary defect
corresponds to type I and II defects, category II to
type IV, and category III to type IIla and ITIb.'?
From the reconstructive surgeon’s standpoint,
PMB is a main buttress to be reconstructed in a
category I maxillary defect. In case of extensive
resection of buccal soft tissue including mimetic
mauscle and skin, the NMB should be reconstructed
to prevent the superior and posterior deviation of
the alar base. The ZMB is the main buttress to be
reconstructed in a category II maxillary defect,
especially with extensive resection of the zygo-
matic process and arch. However, most category 11
cases do not require skeletal reconstruction. In
category III maxillary defects, the ZMB and PMB
are the main buttresses to be reconstructed.
Reconstruction of the ZMB including the orbital
floor is essential for prevention of malposition of
the eye globe for preservation of the orbital con-
tents. ZMB reconstruction is also important to
provide a good contour for the malar prominence.

PMB reconstruction provides sufficient support for
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fitting a dental prosthesis. In case of extensive
resection of buccal soft tissue, the PMB and NMB
should be reconstructed to prevent the superior
and posterior deviation of the alar base and oral
commissure. Accordingly, reconstruction of all
three buttresses is considered for the patient with
a category I11 maxillary defect with extensive re-
section of zygomatic process and arch and buccal
soft, tissue.

We have demonstrated that a vascularized com-
posite autograft is the most common physiologic
material of choice for complex maxillary defects.?
In skeletal reconstruction with alloplastic ma-
terials or nonvascularized bone and cartilage,
displacement, infection, absorption, or fistula for-
mation remains a potential problem during the
long-term follow-up period. Moreover, in patients
who receive preoperative/postoperative radiother-
apy, persistent irradiated injury compromises
the reconstructed region. Especially in the recon-
structed ZMB area, gravity, scar contracture, and
tightness of the overlying soft tissue lead to a
higher incidence of such complications. With these
considerations in mind, several reconstructive
techniques using vascularized composite auto-
grafts have been mainly used for maxillary recon-
struction in our institute. In reconstruction of the
ZMB, vascularized eighth and ninth costal carti-
lage connected to the rectus abdominis myocuta-
neous flap was used for five (40%) of 15 patients,
and the medial border of the scapula connected to
the latissimus dorsi myocutaneous or scapular flap
was used for six patients (40%). The rectus abdo-

minis myocutaneous flap combined with costal
cartilage is a useful tool for restoration of one
buttress (ZMB) and a midfacial soft tissue defect.
In reconstruction of the PMB, the lateral border
of the scapula connected with the latissimus dorsi
myocutaneous or scapular flap was used for eight
(89%) of nine patients. We consider that the lateral
border of the scapula is well tolerated for restora-
tion of the PMB because it has enough volume to
provide reliable stability for fitting a dental pros-
thesis. The latissimus dorsi myocutaneous or sca-
pular flap combined with the V-shaped scapula is
good for restoration of two buttresses (medial
border for ZMB and lateral border for PMB) and
midfacial soft tissue defects. The central space of
the V-shaped scapula also allows placement of the
bulk of the transferred flap. In reconstruction of
all three buttresses, the latissimus dorsi myocu-
taneous free flap combined with the V-shaped sca-
pular bone and rib is a versatile technique to
manage such a complex skeletal defect.
Reconstruction of both skeletal and soft tissues
of maxillectomy defects is ideal; however, various
factors affect the determination of the reconstruc-
tive method. The patient’s age, associated dis-
eases, degree of advanced carcinoma, and request
for skeletal reconstruction from the surgical onco-
logist are important issues to be evaluated preope-
ratively. In this series, buttress reconstruction was
performed most frequently for category III (56%)
maxillary defects, followed by category I (50%) and
category II (20%). The necessity of buttress recon-
struction increases according to the extent of

Macxillectomy I Category [ | L Category 1l ‘ , Category 111 ]
defect
Skeletal ’ Yes J | No ] I Yes I l_No I Yes ! | No I
reconstruction
Buttress to be PMB (NMB) ZMB (NMB) ZMB l I PMB | I Z&PMB | [ Z&P&ENMB |
reconstructed
Reconstructive LDMFF with § REFF RAMFF with CC RFFF RAMFF with CC LDMFF with § LDMFF with Sand R RAMFF
procedure SFF with § MFF LDMFF with § TFF LDMFF with § SFF with S

OFFF SFF with S TMF SFF with §

FIGURE 9. A reconstructive algorithm for surgical management of maxiliectomy defects. ZMB, zygomaticomaxillary buttress; PMB,
pterygomaxillary buttress; NMB, nasomaxillary buttress; RAMFF, rectus abdominis myocutaneous free flap; RFFF, radial forearm free flap;
TFF, temporoparietal fascial flap; TMF, temporalis muscle flap; MFF, median forehead flap; RAMFF with CC, rectus abdominis
myocutaneous flap combined with costal cartilage; LDMFF with S, latissimus dorsi myocutaneous free flap combined with scapula; SFF with
S, scapular free flap combined with scapula; LDMFF with S and R, latissimus dorsi myocutaneous free flap combined with scapula and rib;
OFFF, osteocutaneous free flap of fibula; SFF, scapular free flap. V-shaped scapula is applied for reconstruction of two or three buttresses.
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maxillary resection. Finally, in a retrospective
analysis of this series, we were able to generate a
reconstructive algorithm for the surgical man-
agement of maxillectomy defects (Figure 9). We
advocate that a critical assessment of skeletal
defects and associated soft tissue defects after
various types of maxillectomies is essential for an
adequate approach in solving complex reconstruc-
tive problems. On the basis of this assessment,
the most effective reconstructive technique
should be applied individually. Furthermore, to
improve postoperative functional and aesthetic
outcomes, one should not hesitate using second-
ary surgical revisions including free flap transfer
in this challenging field of reconstructive head
and neck surgery.
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Sequential Vascularized Tliac Bone Graft and a
Superficial Circumflex Iliac Artery Perforator
Flap with a Single Source Vessel for
Established Mandibular Defects

Isao Koshima, M.D., Yuzaburo Nanba, M.D., Tetsuya Tsutsui, M.D., and Seiko Itoh, M.D.

Okayama, Japan

The major problems in dealing with established man-
dibular loss are severe soft-tissue contracture and a limited
number of recipient vessels. The skin portion of the iliac
osteocutaneous flap often necrotizes in cases without per-
forators of the deep circumflex iliac vessel. To overcome
these problems, eight patients with established mandib-
ular loss and no skin perforators of the deep circumflex
iliac vessel were treated with a sequential vascularized iliac
bone graft and a superficial circumflex iliac perforator
flap with a single recipient vessel. Regarding the recipient
vessels, the ipsilateral cervical vessels were used for four
patients, and the contralateral facial and ipsilateral su-
perficial temporal vessels were used for two cases each.
The superficial circumflex iliac perforator flaps were 7 to
28 cm in length and 3 to 15 ¢cm in width. The iliac bone
grafts ranged from 7 to 13 cm in length, and three cases
were repaired with the inner cortex of the iliac bone.
There were no serious complications, such as flap necrosis
or bone infection and resulting absorption. The advan-
tages of this method are that both pedicles are very close
to each other and of suitable diameter for anastomosis.
Simultaneous flap elevation and preparation for the re-
cipientsite is possible. The skin flap and vascularized bone
graft can be obtained from the same donor site. A single
source vessel can nourish both the large skin area and
bone sequentially. Longer dissection of the superficial
circumflex iliac system to the proximal femoral division is
unnecessary. A large flap can survive with a short segment
of the superficial circumflex iliac system. Only the vascu-
larized inner cortex of the iliac bone needs to be used, and
the outer iliac cortex can be preserved, which results in
less morbidity at the donor site. (Plast. Reconstr. Surg.
113: 101, 2004.)

Reconstruction for established mandibular
osteocutaneous losses is still difficult because

of the requirement for large cutaneous flaps
after the release of severely contracted scars. In
addition, because the majority of such patients
who have undergone multiple previous opera-
tions have lost recipient vessels near the man-
dible, vein grafts are required. The recipient
vessels are usually far from the defect and are
in the contralateral cervical or ipsilateral tem-
poral region.

The ideal single donor site for mandibular
osteocutaneous reconstruction requires no po-
sitional change, allows simultaneous flap eleva-
tion to the site of the resectioned tumor, and
provides a flap with a large skin territory. Many
osteocutaneous flaps, however, have a limited
skin territory, with the exception of the scapu-
lar osteocutaneous flap, which is unpopular
because it requires positional changes during
the operation. The vascularized fibula can be
elevated simultaneously, but a large peroneal
skin flap may not be sacrificed because of func-
tional and cosmetic problems. Iliac bone is a
good candidate for such established mandibu-
lar losses because it can be elevated with a large
skin paddle as an osteocutaneous flap. How-
ever, the skin flap is often necrotized when skin
perforators arising from the deep circumflex
iliac artery are missing. To overcome these
problems for such difficult mandibular recon-
structions, we propose a new method that in-
cludes a sequential vascularized iliac bone graft
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and a supercharged superficial circumflex iliac
perforator flap with a single recipient vessel.

PATIENTS AND METHODS

Between March of 1988 and August of 2001,
eight patients with established mandibular
losses were treated with a sequential vascular-
ized iliac bone graft and a superficial circum-
flex iliac perforator flap. Regarding the recip-
ient vessels, the ipsilateral cervical vessels were
used for four patients and the contralateral
facial and ipsilateral superficial temporal ves-
sels were used for two patients each. These
latter four patients with distant recipient ves-
sels required saphenous vein grafts. The super-
ficial circumflex iliac perforator flaps ranged
from 7 to 28 cm in length and 3 to 15 cm in
width. The iliac bone grafts were 7 to 13 cm in
length. Three cases were repaired with the in-
ner cortex of the iliac bone. As for postopera-
tive complications during the postoperative fol-
low-up of 17 months to 14 years, although one
patient required reanastomosis of an occluded
vein (patient 1), there were no serious compli-
cations, such as flap necrosis or bone infection
and resulting absorption (Table I).

Operative Techniques

The flap design is drawn on the groin re-
gion. During groin flap elevation, a perforator
from the distal portion of the superficial cir-
cumflex iliac artery can be detected near the
anterosuperior iliac prominence. The pedicle
of ‘the superficial circumflex iliac perforator
flap can be a perforator and a short segment of
the superficial circumflex iliac vessel. It need
not include the proximal portion of the super-
ficial circumflex iliac vessel. The inner cortex
of the vascularized iliac bone can be split by an
electric saw, and the external cortex can be
preserved. The pedicle of the iliac bone, the
deep circumflex iliac vessel, is dissected with b
cm of the ascending branch to join the pedicle
of the superficial circumflex iliac perforator
flap (Figs. 1 and 2). The deep circumflex iliac
vessels are anastomosed to the recipient ves-
sels. In some cases with established mandibular
losses, the recipient vessels in the ipsilateral
cervical region have been lost because of pre-
vious neck dissection. In such cases, the con-
tralateral facial or superior thyroid artery can
usually be used. When vessels in the bilateral
neck are not available, ipsilateral superficial
temporal vessels with the saphenous vein grafts
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Complications

11 yr
b
18 mo
17 mo

Follow-Up
14 yr
10 yr
10 yr
10 yr

7 (inner cortex)

10
8 (inner cortex)
8 (inner cortex)

Bone Size (cm)

Flap Size (cm)
15X 8
13x7
25 X 15
28 X9
10 X5

X
15X 8
15X 8

Vein Graft
+
+
+

TABLE 1
Summary of Patients with Established Mandibular Loss

Recipient Vessel
Contralatera} facial artery and external juglar vein

Superior thyroid artery and external juglar vein
Submandibular artery and vein

Facial artery and external juglar vein

Anterior and external jugular vein
Contralateral facial artery and vein
Superficial temporal artery and vein
Superficial temporal artery and vein

Lingual artery

Disease
Pharyngeal carcinoma and radiation

Gingival carcinoma

Traumatic loss
Gingival carcinoma
Gingival carcinoma

Tonsilar carcinoma
Gingival carcinoma

Benign tumor

M
61 M

58 M
59 F

25 M
64 F
51 F
52 M

Age (31) Sex
32

*Cases described in this article.

Patient
1*
2
3%
4
5
6
7
8
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Fic. 1. Operative techniques. Elevation of split iliac bone
pedicled with the deep circumflex iliac system (D) and a
superficial circumflex iliac perforator flap pedicled with the
distal perforator of the superficial circumflex iliac system (C).
R, ascending branch of the deep circumflex iliac system.

F1G. 2. Operative techniques. The ascending branch (R)
of the deep circumflex iliac system (D) is anastomosed to the
distal portion (C) of the superficial circumflex iliac system
with a perforator.

are preferable. Finally, the donor defect is usu-
ally closed directly (Figs. 1 and 2).

In the area of heavily irradiated tissue, these
flaps can be transferred to join the mandibular
defect after resectioning a sufficient length of
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irradiated mandible. No intraoral incision is
added to prevent postoperative bone infection.
In addition, a larger skin flap should be used to
close the suture margin without any tension,
and a sufficient volume of the flap is trans-
ferred to pack the recipient dead cavity. Be-
cause there may be no effective recipient ves-
sels in the same irradiated area, recipient
vessels are selected as mentioned above.

CASE REPORTS

Case 1

A 32-year-old man had lost a 10-cm-long section of his left
mandible because ofan adamantinoma. It had been repaired
with a free iliac bone graft and hydroxyapatite; however,
because those reconstructions failed, the patient had been
transferred to our department. Because the right iliac bone
had been sacrificed during the previous operation, a sequen-
tial vascularized iliac bone graft and a superficial circumflex
iliac perforator flap (15 X 8 cm) from the left side were
transferred. After the bone graft was fixed to the mandibular
defect, a perforator flap was implanted into the external
submandibular skin defect. The deep circumflex iliac vessels
were anastomosed to the lingual artery and the external jugu-
lar vein of the left side. The short pedicles of the perforator
flap were anastomosed to the ascending artery of the deep
circumflex iliac artery and the anterior jugular vein.

The postoperative course was smooth. There was excellent
bone union and no tumor recurrence, complications at the
donor site, or functional disturbance of the donor leg (Fig.
3).

Case 3

A b58year-old man with left pharyngeal carcinoma had
been treated with radiation therapy. However, he had an
incurable fistula originating from an irradiated necrotic man-
dible that was surrounded by wide irradiated skin. In addi-
tion, the necrotic mandible was exposed intraorally through
a mucosal defect of the alveolus.

After wide resection of the irradiated mandible and irra-
diated skin, the intraoral mucosal defect was closed directly.
A resulting mandibular defect with a wide external skin defect
was repaired with a sequential vascularized iliac bone graft
and a superficial circumflex iliac perforator flap (25 X 15 cm)
from the left groin region. After the bone graft was fixed to
the mandibular defect, a perforator flap was implanted into
the external skin defect. The deep circumflex iliac vessels
were anastomosed to the superior thyroid artery and the
external jugular vein of the left side. The short pedicles of the
perforator flap were anastomosed to the ascending artery of
the deep circumflex iliac artery and the anterior jugular vein.
The donor defect for the flap was closed directly. Postopera-
tively, there was good bone union and no tumor recurrence,
flap necrosis, fistula, or infection of the bone (Figs. 4 and 5).

DiscuUSSION

Reconstruction of large mandibular bone
defects with large skin defects can be a difficult
surgical challenge. Especially in cases with es-
tablished mandibular losses, there are serious
problems with the absence of recipient vessels
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FIG. 3. Case 1. (Above, left) Despite a previous bone graft and apatite implaniation, this 32-year-old man had scar contracture
with hemimandibular loss. (Below, leff) Preoperative radiograph shows mandibular loss. (Above, right) Superficial circumflex iliac
perforator flap at 7 months after the operation, which was resected later. (Below, right) Radiograph shows the vascularized iliac

bone graft at 4 years after the operation.

in the cervical region because of previous bi-
lateral neck dissection and with severe in-
traoral and extraoral scar contracture caused
by previous radiation therapy. In addition, the
resulting defects after release of these contrac-
tures require large skin flaps.

As potential donor sites for large vascular-
ized bone, the scapula,' radius,? rib,* fibula,*®
and iliac bone® have been introduced. Al-
though the scapular osteocutaneous flap has a
wide skin territory, it cannot be obtained simul-
taneously with tumor removal or resectioning.
We believe the ideal donor sites must be far
from the recipient site for simultaneous flap
elevation.

Although an iliac osteocutaneous flap and a
fibular osteocutaneous flap can be obtained

from distant areas far from the recipient site,
the dimension of the latter skin flap should be
limited because of postoperative functional
and cosmetic problems. lliac osteocutaneous
flaps often have partial necrosis of the cutane-
ous flap because of loss of skin perforators
arising from the deep circumflex iliac artery.
To overcome the problem with iliac osteocu-
taneous flaps, we developed the concept of
chimera flaps,” which seem to be important in
creating customized large flaps (i.e., flaps, cu-
taneous and osseous) that can be combined
with additional vascular anastomoses. Using
this concept, very large thin or thick flaps to
cover osteocutaneous defects can be combined
easily with well-vascularized bone. However,
this method is complicated in that the bone
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FiG. 4. Case 3. (Lefl) The irradiated mandible and cervical skin of this 58year-old man were resected widely.
(Right) The osteocutaneous defect was repaired with sequential vascularized iliac bone pedicled with the deep
circumflex iliac system (E) and a superficial circumflex iliac perforator flap pedicled with the short superficial

circumflex iliac system (N).

Fic. 5. Case 3. (Above) Postoperative appearance at 10
years after the operation. (Below) Postoperative radiograph
shows no bone absorption at 10 years after the operation.

and skin flap are collected from different re-
gions. The combination of an anterolateral
thigh flap with a vascularized iliac bone or
fibula,3? reported originally by us, is an exam-
ple. On the basis of our cases, the major disad-
vantage is the necessity for different donor sites
for bone and the skin flaps even in cases with
defects that are not so wide. In this regard, the
scapular osteocutaneous flap seems to be ideal,
because the bone and skin flaps can be ob-
tained as a composite flap and not from differ-
ent sites. However, many authors believe that
simultaneous elevation of the scapular osteocu-
taneous flap is impossible during tumor resec-
tioning and that the unavoidable positional
change before flap elevation is time
consuming.

CONCLUSIONS

In this article, we have described the devel-
opment of a sequential vascularized iliac bone
graft with a supercharged superficial circum-
flex iliac perforator flap. Among candidates
with established osteocutaneous losses, this
flap is suitable for the following reasons. Their
pedicles, the ascending branch of the deep
iliac system and the distal portion of the super-
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ficial iliac system, are very close to each other
and their diameters are suitable for anastomo-
sis. Simultaneous flap elevation is possible be-
cause the donor sites are far from the recipient
area. The skin flap and vascularized bone graft
can be obtained from the same donor site.
Sequential combination of double tissue trans-
plants with a single source vessel and a single
recipient vessel provides enough nourishment
for both a large skin territory and bone. This
concept has been summarized in our previous
articles (connected anterolateral thigh flap-
groin flap,'? classification of combined or con-
nected flaps'''?). There is no need for longer
dissection of the superficial circumflex iliac
system to the proximal femoral division. The
large superficial circumflex iliac perforator
flap can survive with a perforator and a short
segment of the superficial circumflex iliac sys-
tem. Only the vascularized inner cortex of the
iliac bone needs to be used. The outer cortex is
preserved, resulting in no deformity of the iliac
crest. This flap seems to result in less morbidity
at the donor site.
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Historical background

The history of plastic surgery in cancer treatment can be
traced back in the literature to the early nineteenth century.
Graefe and Dieffenbach in Germany repaired a nose and
cheek defect following cancer resection, using local tissue
transposition,' while, at the beginning of the twenticth cen-
tury, Iginio Tansini in Italy first employed the latissimus
dorsi muscle-skin flap for closing a skin defect following
mastectomy.” Owens," in 1955, also developed a compound
muscle-skin flap, using the sternocleidomastoid muscle for
closure of a face and cheek defect. Although these reports
are sporadic, plastic and reconstructive surgeons have long
recognized the importance of plastic surgery for the closure
of a defect following cancer resection.

In modern cancer reconstructive surgery, McGregor,' in
1963, first developed the temporal flap for repairing post-
excisional defects following surgery for intraoral cancer.
McGregor and Reid’ later extended the use of this flap to
include primary closure of full-thickness cheek defects fol-
lowing the ablation of squamous cell carcinomas in the
buccal region. Bakamjian and Littlewood® on the other
hand, employed a cervical skin flap for intraoral and pha-
ryngeal repair following cancer ablation. However, the use
of such local tissues as neck skin for reconstruction in can-
cer surgery is open to debate and is limited because the local
tissue surrounding cancers may be pathologically unsound.
Radiation also greatly influences the vascularity of local
skin and tissue and may lead to flap necrosis.
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To overcome this problem, Bakamjian,7 in 1965, devel-
oped a versatile skin flap taken from the pectoral region
(the so-called deltopectoral flap), using tissue distant from
the original cancer lesion, for reconstruction following the
resection of pharyngo-esophageal carcinoma, although
Aymard,” in 1917, had first reported a similar flap for nasal
reconstruction. McGregor and Jackson,’ and Bakamjian et
al." further extended the role of the deltopectoral flap (o a
wide range of defects following the ablation of head and
neck cancers. The deltopectoral flap was then championed
as the most versatile flap in head and neck cancer surgery
until the development of the microvascular free flap and the
musculocutaneous flap.

Advances in plastic surgical procedures

‘Two remarkable advances in flap surgery, developed in the
mid-1970s, established the important role of plastic surgery
in cancer treatment. These are detailed below.

Muscle and musculocutaneous flaps

The development of muscle and musculocutaneous flaps in
the mid-1970s was associated with great potential for a wide
range of cancer reconstructions, because of the reliable vas-
cularity of the flaps and the technical simplicity of the
procedures.”” A large island skin paddle, based on
superficial skeletal muscle, could be safely transposed or
rotated to close a deep and extensive defect. The large-
caliber nutrient vessels of muscles, or those with a long
vascular pedicle facilitated the microvascular free transfer
of the musculocutaneous flap (the free musculocutaneous
flap; Fig. 1).

The pectoralis major musculocutaneous flap” in the
head and neck, the latissimus dorsi®® or rectus abdominis
flap™ in the breast and chest, and the gracilis™ or the poste-
rior gluteal thigh flap'® in the buttock and perineal regions
were favored. However, the arc of rotation of the musculo-
cutaneous flap is essentially limited by the maximum length
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Fig. 1. Elevated rectus abdominis musculocutaneous fiap. S, skin flap
portion; M, a small part of the rectus abdominis muscle used (o main-
tain blood supply to the skin flap; P, vascular pedicle of the inferior
epigastric vessels

of its vascular pedicle, and this limitation is generally disad-
vantageous in reconstruction of the head and neck.

Microvascular free tissue transfer (free flap)

In contrast to the muscle and musculocutaneous flaps,
microvascular free tissue and organ transfer (the so-called
free flap) enabled various types of autogenous tissue flaps to
be freely transferred to a distant recipient bed.""™ Adequate
tissue and organs of a required size could be employed in
the recipient defect. However, because of the technical
difficulty, requiring special microsurgical skills, the free flap
was nol able to develop toits full potential in cancer surgery
until the development of the musculocutaneous and fascio-
(or septo-) cutaneous flaps, which provide many new donor
flaps with large-caliber nutrient vessels. Using micro-
surgery, the incidence of thrombus formation in the anasto-
mosed vessels in these flaps decreased in comparison with
the incidence in skin flaps nourished by small nutrient
vessels. Taking great advantage of the development of free
flaps, which facilitate one-stage transfer of required tissue
flaps from a distant site, we, since 1980, have developed a
free flap for head and neck reconstruction following cancer
resection at the National Cancer Center Hospital.” Over
2300 flaps have been transferred, with high success rates, in
our series at the National Cancer Center and the University
of Tokyo Hospital (Fig. 2; Tables 1, 2)."" In addition, more
than 40 tissue and organ flaps, including cutaneous and
septoculaneous flaps, muscle and musculocutaneous flaps,
osseous and osteocutaneous flaps, and intestinal and omen-
tal flaps, are now clinically available (Fig. 3).”

Goals of plastic and reconstructive surgery

In many fields of contemporary cancer surgery, {unction-
preserving or nonradical and minimally invasive operations

Scapular
86

|atissimus dorsi

109 Rectus

bdomini
784

Jejunum
644

Fig. 2. Free flaps employed for reconstruction at the University of
Tokyo Hospital, National Cancer Center Hospital, and other affiliated
hospitals (November 1977-December 2000)

Fig. 3. Donor tissues and organs available for microvascular free Rap
transfers. S, skin flap; M, muscle and musculocutaneous llap; 8, vascu-
larized bone gralt and osteocutaneous flap; /, intestine; O, omentum.
Reproducted from Harii et al..” with permission

Table 1. Outcome of transferred major flaps (November 1977-
December 2000)

Flaps Complete Tolal Partial
survival necrosis necrosis
Rectus abdominis 93.3% 3.0% 3.10%
Jejunum 96.9% 3.1% 0%
Forearm 95.8% 2.6% 1.6%
Thigh 90.5% 7.4% 2.0%
Latissimus dorsi 85.3% 3.7% 11.0%
Scapular 91.9% 4.7% 3.5%
lliac 79.5% 15.9% 4.5%
Fibular 81.5% 11.1% 7.4%




Table 2. Causes of free-flap failures (November 1977-December 2000)

Causes Total necrosis Partial necrosis
Arterial thrombosis 36 7
Venous thrombosis 28 4
Infection 18 11
Anomaly ol vascular pedicle 8 4
Problems in flap elevation 6 29
Miscellaneous 4 5
Total 100 60

RESURFACING OF RESTORATION OF

PRIMARY SURGICAL DEFECTS BONY SUPPORTS
RECONSTRUCTION skinmucosa mandible
esophagus etc. extremities etc.
PATIENT'S QUALITY OF LIFE
RECONSTRUCTION OF \ / REHABILITATION OF
SECONDARY CONTOURS FUNCTIONS
RECONSTRUCTION

face face

extremities etc.

breast etc.

Fig. 4. Goals of plastic surgical reconstruction. Reproducted from
Harii et al.,”' with permission

such as endoscopic surgery are highly recommended to
maintain a good quality of life for cancer patients. However,
complete resection of carcinoma is mandatory in surgery,
and this frequently requires the sacrifice of wide areas of
healthy surrounding tissues and organs, resulting in func-
tional disabilities or aesthetic deformities.

The primary goal of plastic and reconstructive surgery is
the adequate and immediate closure of surgical defects fol-
lowing cancer ablation. The immediate (or primary) recon-
struction achieved with cancer ablation should protect
important vital organs, prevent infection, and restore the
primary [unctions necessary for survival. The secondary
goal is functional and/or contour reconstruction to maintain
patients’ quality of life, including social activities, and this is
usually achieved secondarily some time after cancer abla-
tion. In both primary and secondary reconstruction, the
improvement of quality of life in cancer patients is naturally
the final goal of plastic and reconstructive surgery (Fig. 4).
At present, plastic surgical procedures are widely applied to
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such areas as skull and skull-base reconstruction, head and
neck reconstruction, breast and thoracic wall reconstruc-
tion, perineal and buttock reconstruction, and extremity
reconstruction.

I believe the ongoing development of plastic and recon-
structive surgery will greatly contribute to cancer treatment
especially from the standpoint of patients’ quality of life.

3
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Abstract Microvascular free flap transfer currently repre-
sents one of the most popular methods for mandibular
reconstruction. With the various free flap options now
available, there is a general consensus that no single kind
of osseous or osteocutaneous flap can resolve the entire
spectrum of mandibular defects. A suitable flap, therefore,
should be selected according to the specific type of bone
and soft tissue defect. We have developed an algorithm for
mandibular reconstruction, in which the bony defect is
termed as either “lateral” or “anterior” and the soft-tissue
defect is classified as “none,” “skin or mucosal,” or
“through-and-through.” For proper flap selection, the bony
defect condition should be considered first, followed by the
soft-tissue defect condition. When the bony defect is “lat-
eral” and the soft tissue is not defective, the ilium is the best
choice. When the bony defect is “lateral” and a small “skin
or mucosal” soft-tissue defect is present, the fibula repre-
sents the optimal choice. When the bony defect is “lateral”
and an extensive “skin or mucosal” or “through-and-
through™ soft-tissue defect exists, the scapula should be
selected. When the bony defect is “anterior,” the fibula
should always be selected. However, when an “anterior”
bone defect also displays an “extensive” or “through-and-
through™ soft-tissue defect, the fibula should be used
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with other soft-tissue flaps. Flaps such as a forearm flap,
anterior thigh flap, or rectus abdominis musculocutancous
flap are suitable, depending on the size of the sofl-tissue
defect.

Kev words Mandible - Reconstruction - Flap - Microsurger
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Introduction

The mandible frames the lower third of the face and repre-
sents an integral component of mastication, deglutition,
phonation, and oral competence. This structure also repre-
sents a major component of the human form, capable of
suggesting either strength or weakness of character. The
effect of mandibular resection following cancer of the oral
cavity can thus prove devastating to the psychological and
physical welfare of the patient. In the pursuit of perfect
restoration of defective mandibles, reconstructive surgeons
have made numerous technical advances over the past sev-
eral decades.

Free flaps currently represent the preferred method
for mandibular reconstruction. With the various [ree
flap options now available, reconstructions of composite
mandibular defects have been able to achieve significant
improvements in both functional and esthetic results. The
unique features of each flap have been well characterized in
the literature. The quality of each type of bone is distinct, as
is the quality of the accompanying skin portion. As a result,
no single kind of osseous or osteocutancous fap is con-
sidered capable of resolving the wide variely of mandibular
defects, so a suitable flap should be selected according
to the type of bone and soft-tissue defect.'” Moreover,
double free flaps should be considered for patients in whom
defects are extensive or recipient vessels are not readily
available.™

The present study reviewed mandibular reconstructions,
particularly those using microvascular composite free flaps,
and compared free osseous and osteocutaneous flaps (o
identify optimal flap choice for each patient.



History

Experiences with mandibular reconstruction from around
the world and from the earliest times have been described
in a collective review by McDowell and Ohlwiler.® They
state that the first successful mandibular resection appears
to have been performed in 1810. Alter ablative surgeons
recognized that patients experienced difficultics in breath-
ing, swallowing, and speaking after mandibular resection,
stabilization of residual jaw fragments by bone graft or
implants was initiated. According to Kazanjian and Con-
verse,’ some bone transplants were attempted in the nine-
teenth century, but they did not gain widespread popularity
until World War I, when Delageniere® applied tibial
osteoperiosteal grafts to the jaw. World War II saw large
numbers of patients requiring facial restoration, promoting
the extensive use of bone grafts for mandibular surgery.’
Although various kinds of skeletal sources had been
explored, most surgeons preferred autogenous rib"™" or
ilium,"™"* particularly for composite resection of the tongue,
jaw, and neck." Autogenous bone grafts remained a main-
stay of mandibular reconstruction afterwards.”*™'® How-
ever, survival rates following these free bone grafts varied,
ranging from 20% to 90%."” High failure rates were attrib-
utable to lack of blood supply to the grafted bone, insuffi-
cient mucosal cover, scarred bed, infection, fistula, or stress
on the graft."™" To overcome such problems, living bone
graft with a reliable soft-tissue flap was developed. Al-
though the basic idea of this type of flap had appeared
sporadically in the literature,” Snyder et al*' are credited
with re-introducing osteocutaneous flaps. They succeeded
in transfers of the clavicle or rib, combined with an over-
lying skin flap to the mandible by delaying procedures.
Various types of pedicled osteocutaneous faps or
osteomyocutaneous flaps, such as sternocleidomastoid
muscle with clavicle, pectoralis major muscle with rib or
sternum, and trapezius muscle with scapula have subse-
quently been used to provide vascularization to the trans-
ferred bone and soft tissues.”™ However, these frequently
failed when large segments of bone required osteotomies
for contour adjustment and complex soft-tissue replace-
ment. Such failures were primarily related to the need for
such bone to be nourished solely by the relatively poor
blood supply received through muscle insertions or a lim-
ited periosteal vascular supply. Moreover, neck skin con-
tracture is inevitable after transferring pedicled flaps from
the anterior chest, and use of the clavicle may cause signifi-
cant dropping of the shoulder joint.

With the advent of microvascular free tissue transfer,
many reconstructive surgeons adopted vascularized bone
transfer to avoid morbidities of free bone graft or pedicled
bone graft. The free osseous flap has become preferable to
non-vascularized bone grafts or pedicled osteocutancous
flaps thanks to higher rates of bone survival and lower
rates of infection and fistula. Osseous flaps for mandibular
reconstruction have been widely developed from the

Ty 20-28 29-31 :ye 32-3 3537 = 38-
rib, " metatarsus,”™" ilium,* ™ scapula,® fibula®™™ and
radius.
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Along with vascularized bone flaps, free soft-tissue faps
have also played an important role in the progress of man-
dibular reconstruction by reviving the use of biomaterials.
According to Hamaker,” Martin was the first to reform the
mandibular arch with an external prosthetic appliance, in
1889. Since then, mandibular replacements have utilized a
wide variety of foreign substitutes, including ivory, rubber,
wire mesh, celfuloid, vitallium, steel, acrylic, polyethylene,
and silicone. ™™ With these implants, the mandible can be
restored without the need to spare time for harvesting and
reshaping autogenous bone. However, subsequent infection
and extrusion were not uncommon even when these im-
plants were used in combination with adjacent musculocu-
taneous and axial cutaneous flaps, resulting in these
prostheses falling from favor. Differing from the regional
flaps previously used, free flaps with well-vascularized soft
tissue provide reliable primary wound healing, reducing the
risk of plate exposure.™ Furthermore, new biomaterials
such as titanium used in the plate have decreased long-
standing problems of implant loosening and fracture.™*
The use of reconstruction plates covered with a well-vascu-
larized free soft-tissue flap might therefore be indicated for
reducing donor-site morbidity.

Free osseous flaps for mandibular reconstruction
Rib

The first successful bone transfers with microsurgical
revascularization were performed in dogs by Ostrup and
Fredrickson™ and McCullough and Fredrickson.” The pos-
terior part of the ninth rib, nourished by the posterior inter-
costal vessels, was used to reconstruct the mandible. At the
Microvascular Panel of the Pan Pacific Surgical Association
in 1975, McKee reported 11 mandibular reconstructions
with revascularized free rib grafts, and this is considered to
represent the first report of consecutive cases in a clinical
setting. Because the rib was almost the only donor site for
use as vascularized bone, several surgeons used the rib for
mandibular reconstruction.” However, the operative tech-
niques involved in harvesting the rib are very complicated,
as a posterior dissection within 3cm of the costvertebral
joint is required to preserve intramedullary blood flow.™
Although Schienker et al.™ developed a latissimus dorsi
osteomyocutaneous flap for casier harvest of the rib, signifi-
cant morbidity is associated with taking a segment of rib
along with the adjacent intercostal muscles. Moreover, the
rib does not readily lend itself to reshaping, due to poor
vascularization. Given these weaknesses and the new devel-
opment of other osseous flaps, vascularized rib grafts have
seen little recent use.

Metatarsus

The use of vascularized metatarsus was originally devel-
oped from the free dorsalis pedis flap” and was first applicd
by O’Brien et al.,” Bell and Barron,” and Salibian et al.*
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for mandibular reconstruction. The skin overlying the meta-
tarsus is thin and pliable, providing an excellent intraoral

lining to fit a denture.” Each metatarsus has an average of

three foramina for nutrient vessels concentrated in the
proximal and distal thirds ol the bone, allowing osteotomy
to be performed without compromising bone survival. Con-
versely, the thinness and tack of bulk of the bone result in
difficulty evacuating a dead space after ablative surgery.
Rosen et al.” proposed that the metatarsus was indicated
for anterior arch reconstruction with a small soft-tissue
delect. However, apparent donor site morbidity™ led to
replacement of the metatarsus by the fibula, which offers
similar advantages.

Thum

Although the superficial circumflex iliac vessels were first
used as the vascular pedicle for combining a groin skin flap
with iliac bone,” Taylor et al.* subsequently noted that the
deep circumflex system plays a major role in supplying the
bone. The deep circumflex iliac vessels are now recom-
mended as nutrient pedicle vessels, particularly for the res-
toration of large bone delects such as the mandible.”” The
iliac crest displays an intrinsic curvature that is used to
advantage in mandibular reconstruction. Hemimandibular
defects are casily replaced by incorporating the anterior
edge of the ilium.* No other site in the body can supply as
much bone, and the inconspicuous donor-site scar is also
advantageous. Conversely, the soft-lissue attachment is
often excessively bulky, and the associated vasculature can
occasionally prove unreliable.”” To overcome this problem,
the internal oblique-iliac crest osteomyocutancous flap with
skin graft was developed by Urken et al.” However, addi-
" tional pedicled or free flaps are often required for stable
results.” Urken et al.” also subsequently adopted combined
sensate radial forearm and iliac crest free flaps. Neverthe-
less, the iliac crest is an excellent and reliable complemen-
tary flap for mandibular reconstruction, eminently suited Lo
osscointegration, due to the large amount of cortical bone.*

Scapula

Gilbert and Teot” described the first use of a free scapular
flap in 1982, with a detailed anatomical study by dos
Santos™ being done before the first clinical trial. Teot et al.™
further described the osteocutaneous scapular flap and used
this for mandibular reconstruction in one patient. After
reports by Swartz et al.™ and Granick et al.” of consecutive
patients in whom a [ree scapular flap was used for mandibu-
lar reconstruction, this flap has been used as a versatile flap
for mandibular reconstruction.™ A solid graft is provided
that can replace a relatively long bone delect, of up to about
[3cm in length. Soft-tissue bulk is not excessive and donor
site morbidity and deformity are acceptable. As the scapu-
lar skin island and bone have separate vascular pedicles,
three-dimensional maneuverability of the flap relative to
the bone significantly facilitates simpler reconstruction of
the oral cavity without remnant dead space. In addition,

according to Coleman and Sultan,” anterior reconstructions
that require two osteotomics are possible using the angular
branch of the thoracodorsal artery as a vascular pedicle to
the inferior pole of the scapula. One disadvantage of the
scapular flap is the need to reposition the patient during the
operation.

Fibula

Considerable confusion exists regarding the first successful
free fibula transfer.” Most publications have cited Taylor
et al.” as performing the first successful clinical free fibula
transfer. However, Ueba and Fujikawa™ had already suc-
ceeded in transferring the fibula by this time. Their work
remained unpublished until 1983, and has been neglected
by all except O’Brien et al..,”” who have always cited them in
their references as the first to perform successful {ree trans-
fer. The free fibula flap was predominantly used for limb
reconstruction, and was rarely used for mandibular recon-
struction until consecutive cases described by
Hidalgo™ and Hidalgo and Rekow.”” Recently, the free
fibula flap has become a prelerred gralt for mandibular
reconstruction, providing sufficient bone to reconstruct any
length of mandibular defect, while the straightness and
thick cortex of the bone allow casy conlouring after os-
teotomy. The skin flap of the fibula is thin and pliable, and
is thus suitable for use as oral lining. Harvest can be under-
taken simultaneously with ablative surgery, and donor
site morbidity is minimal. However, unreliability of the at-
tached skin, as reported by Hidalgo,™ has limited the poten-
tial for reconstruction of composite mandibufar defects.™
Moreover, the polential exists for leaving dead space when
the free fibula flap is used as a single composite flap, readily
leading (o inlection and fistula formation.’

were

Radius

In 1983, Soutar et al.” reported ten cases of intraoral recon-
struction using a radial forearm flap, including radial bone
to replace scgments of the mandible. Since then, mandibu-
lar reconstruction using the radius has gained in popular-
ity.™ The long pedicle can reach even to the contralateral
side of the neck. The skin paddle is reliable and provides a
large area ol good-quality, thin, solt-tissue coverage for
intraoral defects. A high rate of fracture in the radius after
harvesting remains problematic, although keel-shaped
modification” or prophylactic plating of the radius™ can be
performed to avoid radial fractures. The bone thickness
that can be harvested from the radius is too small to endure
stress in the mandible.™

Choice of osseous and osteocutaneous flaps

We previously reported 178 consecutive cases of mandibu-
lar reconstruction using microvascular free flaps, comparing
flap success rates, complications, and esthetic and func-
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Fig. 1. Algorithm for mandibular reconstruction with osseous free flaps

tional results.” Based on these data, we concluded that
osseous and osteocutaneous flaps should be selected de-
pending on the condition of the mandibular bone and sur-
rounding sofl-tissue defect. We have therefore developed
an algorithm to assist flap selection in mandibular recon-
struction (Fig. 1).

In our algorithm, the bone defect can be categorized as
either “lateral” or “anterior.” Soft-tissue defects are classi-
fied into three categories: “none” (no or minimal defect on
both sides of facial skin and oral mucosa); “skin or mucosal”
(only skin or mucosal defect); and “through-and-through”
(defect is through-and-through from the oral mucosa to the
facial skin). When selecting a suitable flap, the bone-defect
condition should be considered first, followed by the soft-
tissue defect condition.

In patients displaying a “lateral” mandibular defect
whose soft-tissue defect can be categorized as “none,” the
ilium is the best choice. One of the advantages of the ilium
is the large amount of bone with the capacity for ready
osseointegration.¥ A segment of ilium is easily applied to
lateral segmental defects of the mandible, because the
shape already resembles that of the hemimandible.* How-
ever, given the unreliable vascularity of skin flap segments
of the iliac osteocutaneous flap, reconstruction after benign
tumor resection and secondary reconstruction without soft-
tissue defect represents a preferable indication for the iliac
flap. Use of the ilium is particularly recommended for
young patients, as the scar of the donor site is typically
hidden under clothing. Contour deformity after harvesting
can be overcome by single cortex bone harvest™ or the
implantation of hydroxyapatite.

In patients with a “lateral” mandibular defect and a
“skin or mucosal” soft-tissue defect, the fibula is the best
choice. However, an additional free soft-tissue flap such as
a forearm flap is often required for reliable intra-oral lining,
if vascular unreliability of the fibular skin flap becomes
evident after elevation. Although the fibula is a good mate-
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Fig. 2. Slight curve of the scapula resembles that of the lateral man-
dible and leads to superiorily in lateral reconstruction

rial for these types of reconstruction, the donor site scar is
conspicuous.

In patients presenting with a “lateral” mandibular defect
and an extensive “skin or mucosal” or “through-and-
through™ soft tissue defect, the scapula is the best choice.
For the scapula, at Jeast one osteotomy is possible without
devascularization. Good seals in both the oral mucosa and
facial skin can be achieved using separated skin paddles of
scapula without leaving a dead space. Moreover, the slight
curve of the scapula resembles that of the lateral mandible
and leads to superiority in lateral reconstruction (Fig. 2).
Some authors report that the quantity and quality of grafts
from the scapula are low and osseointegration does not
occur.” However, our experiences suggest that few cases
involving lateral bone defect or through-and-through soft
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tissue-defect require osseointegration. In most cases where
the bone defect is lateral, oral rehabilitation can be

achieved with the residual teeth or by using a dental pro-
sthesis. Application ol osseointegration is generally not

Fig. 3. Quantity of scapula that can be harvested without shoulder
morbidity is limited o the contour of the anterior segment

Fig. 4a—c. Findings in a 30-year-old man with left mandibular amelo-
blastoma (case [). a Preoperative intraoral appearance. b Vascularized
ilium was. clevated. ¢ One-year postoperative appearance  with

absolutely necessary, because the prognosis for a patient
who requires exlensive composite mandibular resection is
not good. Another disadvantage of the scapula flap is the
need to change the position of the patient during operation
for flap harvest. However, double free flaps, which are re-
quired in this situation as an alternative choice, also need
time for harvesting, and morbidities of the solt-tissue flaps
associated with the osseous flap must be considered. A com-
posite scapula flap thus appears better than a combination
of fibula and soft-tissue flap.

In patients displaying an “anterior”™ mandibular defect,
use of the fibula is always the best chioice, as the bone can be
osteotomized into three segments to match the contour of
the horseshoe-shaped mandible without destroying the vas-
cularity of the segments. A soft-tissue flap combined with
the fibula is frequently necessary when the vascularity of the
fibular skin flap is unstable, or when the sofi-tissue defect is
extensive or through-and-through. A forearm flap, anterior
thigh flap, or rectus abdominis musculocutaneous flap
should be selected as a soft-tissue flap, depending on
the size of the solt-tissue defect. Although Coleman and
Sultan” reported that the scapula can be divided into three

mouth open. d Stable occlusion was achieved. ¢ Radiograph 1 year
postoperatively



Fig. Sa—g. Findings in a 63-year-old man with cancer of the right side of
the tongue (T2ZN3MO) (case 2) a,b Tumor ablation included segmental
mandibulectomy and resection of the tongue and facial skin, with neck
dissection on both sides. ¢ Vascularized scapula with two skin paddles

was harvested. d The mandible was reconstructed with the scapula (s)
with one osteotomy. e Clinical appearance | year postoperatively.
f Intraoral appearance. g Radiograph 1 year postoperatively
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Fig. 6a—f. Findings in a 60-year-old woman with plate exposure in the
oral floor (case 3). a Reconstruction plate was exposed intraorally.
b Preoperatve clinical appearance. ¢ Vascularized fibula with a skin

portions to make an anterior angle using the angular
branch, the quantity of scapula that can be harvested with-
out shoulder morbidity is limited to the contour of the
anterior segment (Fig. 3).

Besides the choice of osseous and osteocutaneous {laps,
mandibular reconstruction using implants combined with a
free soft-tissue flap should be considered in certain cases.
According to Boyd et al.;”* anterior defects fail more fre-
quently than defects that do not cross the midline. The use
of implants with free soft-tissue flaps is thus preferable in
patients with lateral bony defects in whom the prognosis
is so poor that osseous flap harvest is contraindicated by
donor-site morbidity.

Representative clinical cases

Some representative clinical cases are described below.

paddle. d Two-years postoperative appearance with mouth open.
¢ Postoperative lateral view. f Postoperative three-dimensional
computed tomography

Case 1

A 30-year-old man presented with left mandibular amelo-
blastoma. Segmental mandibulectomy was performed. Be-
cause the bony defect was lateral and the oral mucosa was
not defective, with a small soft-tissue defect, a vascularized
iliac segment was used, according to our algorithm. As ol |
year posloperatively, the patient displayed stable occlusion
of the remaining teeth (Fig. 4).

Case 2

A 63-year-old man presented with cancer of the right side of
the tongue (T2N3MO0). Tumor ablation included segmental
mandibulectomy and resection of the tongue and facial
skin, with neck dissection on both sides. Because the bone
defect was lateral and the soft-tissue defect was the
through-and-through type, a vascularized {ree scapula with
two skin paddles was used (Fig. 5). Although the patient




could eat an almost normal diet as of 6 months postopera-
tively, osseointegration to the grafted scapula is planned to
achieve further improvement.

Case 3

A 60-year-old woman presented with plate exposure in the
oral floor after ablative surgery for squamous cell carci-
noma of the mandibular gingiva. Simultaneous reconstruc-
tion was achieved using a reconstruction plate for the defect
of the bony segment, and a rectus abdominis musculocuta-
neous flap was used for coverage of soft-tissue defects, re-
sulting in exposure of the reconstruction plate. Because the
bony defect was anterior and the soft-tissue defect involved
a small area of facial skin, a vascularized fibula segment was
used to replace the exposed plate. As of 2 years postopera-
tively, the patient demonstrated stable occlusion with the
aid of her denture, and facial cosmesis was improved
(Fig. 6e).

Conclusion

Primary reconstruction materials have been changing ever
since mandibular reconstruction using a free osseous flap
was developed. Initially, primary reconstruction materials
comprised the rib and ilium, then the scapula gained prefer-
ence. Most recently, the fibula has become the material of
choice [or mandibular reconstructions. Based on our previ-
ous retrospective statistical analysis, we proposed consider-
ations for fap choice. Our algorithm differs from those of
other authors,™ particularly with regard to our recommen-
dation to use a composite scapular flap to reconstruct lateral
defects, although Wei et al.” and Cordeiro et al.* employed
the fibula. The goals of mandibular reconstruction are the
restoration of both oral function and esthetic contours. No
available methods are universally suited to application for
all of the various possible mandibular defects. Because an
appropriate flap should be selected according to the types of
bone and soft-tissue defects present, we propose the use of
our algorithm for determining suitable methods for recon-
struction of the mandible.
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