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considerable invasion or lengthy operating time. NEX =
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tions of free tissue transfers in the head and N =
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A retrospective chart review of 502 patients z 25 ¢
who had undergone free flap transfer after cancer k- g8%% S
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and secondary reconstructions were included. Z|¥ e =
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Group I (n = 4): Patients who underwent free .g g g,—fcg gg g
jejunal transfer following pharyngoesophagec- gl® 35288 2
tomy for hypopharyngeal cancer. = g FEEEY S
Group II (n = 7): Patients who underwent imme- £ R2T S8 g
diate reconstruction using a free flap other 3
than the intestines. A Dl I L b £
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infection, aesthetic appearance, and smooth- &l s =3
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Statistical analysis was not performed because £715 " g
the sample sizes were small within the groups. g
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Patient summaries are listed in Tables 2 S i & f
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In group I (Table 2), in two of four patients, g§ g
another jejunal segment was harvested and trans- sl g & ES g
ferred, and continuity of the esophagus was ob- 22 3,
tained successfully without leakage. Of these two K E
patients, one commenced oral intake 10 days post- =
operatively and could eat normally, whereas in the =5 2
other patient, the retransferred jejunum survived . 8 a L
well without leakage but oral intake was started on gl2 & gg -5 g
postoperative day 50 because of serious cerebral 3 2 E8 a2, 2% |2
infarction after the salvage operation. The patient Clg 2B ¢=f of |z
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and coverage of the posterior wall of the pharyn- ES ]
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cases, and the initiation of oral intake occurred on é’g © 0 o AT Ee
postoperative days 108 and 197, respectively. =~ S
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2E B = = =%
Group 11 3 ;o

In group II (Table 3), in five patients whose 3 5 L = v |5%
defects were over half of the tongue or involved a e B 7 = B3 =
mandibular bone, a free flap or pedicled muscu- - £%
locutaneous flap was used in the salvage recon- 8 o E sy BE
struction. Of these, one patient underwent a total o S8 _gES g2
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gual cancer and immediate reconstruction with a 2| £ §§:§‘E§:—,’ é%ggg 35¢ é s 2
rectus abdominis musculocutaneous free flap. Ar- e . LEEYESSRZEZZCE|: 55
terial thrombosis developed 3 hours postopera- E z & a = gg¢
tively. Although thrombectomy and arterial anas- E = 55
tomosis were achieved twice thereafter, the flap b ‘;,% = = - f;_’é.;_._.
became unsalvageable. As thick scarring involved s Se i 3
recipient vessels, we gave up on retransferring the %o n - - £v 8 %
free flap and chose reconstruction with a pedicled el B R = =~ -1 i
latissimus dorsi musculocutaneous flap. Leakage % £g3 E
occurred postoperatively and took approximately 3| 3 g % z, E
5 weeks to close with conservative treatment. The L Ol= o = +  IF Ay +
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patient began to eat perorally on postoperative
day 45 day and had gruel.

In two patients who underwent subtotal glos-
sectomy for lingual cancer and reconstruction
with a rectus abdominis musculocutaneous flap,
the contralateral rectus abdominis musculocuta-
neous flap was used for salvage reconstruction. In
one patient, the reconstruction itself was success-
fully achieved with voluminous oral floor and root
of the tongue, but the initiation of the peroral diet
was postoperative day 54 because ingestion was
difficult as a result of misswallowing. In the other
patient, the flap degraded into total necrosis again
because of arterial thrombosis. Reconstruction
with a pedicled pectoralis major musculocutane-
ous and deltopectoral flap was performed. A per-

Follow-Up
(POM)
15
8

Result

Course

<% =
g '_‘_;f‘ = g oral diet was initiated on postoperative day 40 and
%g g <5 the patient could eat normal food.
E.::E £ ;ES One patient who underwent reconstruction
@ = with an anterolateral thigh flap following hemi-
glossectomy received a radial forearm flap transfer
e at salvage reconstruction. One patient who un-
»Jo = = . . .
8 derwent reconstruction with a radial forearm flap
following marginal mandibulectomy had antero-
. lateral thigh flap transfer at salvage. In these two
= > patients, no leakage occurred postoperatively, a_nd
both had acceptable speech and ate a normal diet.
In two patients with comparatively small de-
Bl < fects (4 X 8 cm) of the oral floor, only debride-
3 |E “ ment of the necrotic flap (anterolateral thigh, up-
per arm flap) and direct closure were selected. No
- . leakage occurred postoperatively. These two pa-
& |3 g tients could eat normally, although the restricted
2 2 3 mobility of the tongue caused some speech am-

biguity in one patient.

Group III

In group III (Table 4), one patient underwent
free forearm flap transfer following release of the
intraoral contracture. Arterial thrombosis oc-
curred 8 hours postoperatively. Revascularization
was achieved after reexploration. Thrombosis re-
developed after several hours and revasculariza-
tion could not be achieved. We considered that
the repeated arterial thrombosis might be associ-
ated with refractory atrial fibrillation with arrhyth-
mia. We gave up on another free flap transfer and
peeled the skin from the unsalvaged flap to use as
askin graft. The intraoral contracture was released
.incompletely.

One patient underwent functional reconstruc-
tion for facial palsy and orocutaneous fistula with
a free latissimus dorsi musculocutaneous flap. On
the first postoperative day, venous and arterial
thrombosis developed. Revascularization using in-

, post=

alsy and

fa
osteosarcoma

of the
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Facial

History

=
=

2
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]
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&

Atrial

NP

Sex
M
M

e
(yr)
56
30)

TCA, transverse cervical artery; STA, superior thyroid artery; EJV. external jugular vein; FV, facial vein; LDMG, latissimus dorsi musculocutaneous; POD, postoperative day; POM, postoperative

month; NP, nothing particular; M, male; F, female.

*Thrombosed vessel.

Table 4. Patient Summary of Group ll|

Case
v
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terposed arterial and venous grafts was achieved.
The next day, arterial thrombosis occurred but
revascularization was achieved again. On postop-
erative day 6, however, venous thrombosis oc-
curred. Revascularization could not be achieved de-
spite an emergent operation. Debridement of the
necrotic tissue was selected because the patient did
not want further surgery at that time. Local flap
transfer with a skin graft closed an orocutaneous
fistula, but facial palsy remained unchanged.

Group IV

In group IV (Table 5), all six patients had a
history of preoperative irradiation (40 to 70 Gy)
and underwent reconstruction with free vascular-
ized bone or osteocutaneous flaps. When the
transferred free flaps were judged unsalvageable,
five patients were treated conservatively with only
debridement, whereas one patient (patient 19)
underwent bone coverage with a deltopectoral
flap in addition to removal of necrotic soft tissue.
All transferred tissue was removed in one (patient
16) of six patients, whereas only soft tissue was
removed while preserving bone in five patients. In
all of the latter five patients, however, the bone
degraded into sequestrum and was subsequently
removed. Further reconstructions were per-
formed in three patients but not in another three
patients because they did not want further surgery.
Salvage reconstructions performed in the former
three patients were as follows. One patient under-
went transfer of an extracorporeal rectus abdomi-
nis musculocutaneous flap with costal cartilage
graft after a year. Further surgery with a tensor
fascia lata graft was also performed. One patient
underwent the transfer of a rectus abdominis mus-
culocutaneous flap with costal cartilage approxi-
mately 2 months postoperatively that survived
completely. These two patients obtained accept-
able appearance and regular oral intake without
fistula formation. One patient (patient 18) un-
derwent reconstruction with conjoined fibular
osteocutaneous and forearm flaps on postoper-
ative day 150. The flaps developed venous
thrombosis 7 days postoperatively but were sal-
vaged with thrombectomy and venous reanasto-
mosis, and survived completely. In this patient,
dentures were installed successfully afterward
and an acceptable appearance with regular oral
intake was achieved.

Group I
In patients with advanced hypopharyngeal can-
cer who have undergone a pharyngoesophagec-

tomy, the 2- and 5-year diseasespecific survival rates
are not high (72 and 52 percent, respectively).’
Postoperative irradiation therapy is occasionally
added.'®!! Thus, in this group, early wound heal-
ing and early initiation of oral intake are in the
patient’s best interest. Free jejunal transfer is the
most standard and reliable procedure of pharyn-
goesophageal reconstruction because of low com-
plication rates and lower donor-site morbidity.5!?
In free jejunal transfers, however, once vascular
thrombosis occurs postoperatively, salvage with
thrombectomy and reanastomosis is difficult be-
cause more than 3 hours’ ischemia causes irre-
versible damage to the jejunum.'®'* Because the
jejunal graft with thrombosis quickly degrades
into necrosis and infection spreads in the hypo-
pharyngeal space, a salvage operation with re-
moval of the necrotic graft should be performed
as soon as possible. We believe that the best man-
agement for failed free jejunal transfer is another
free jejunal transfer, as the harvest of a new jejunal
segment is easy. Reconstruction using the intes-
tines has significant advantages over cutaneous or
musculocutaneous flaps,'® and this is also true in
salvage reconstruction after initial graft loss.'®
When a general or regional condition does not
permit celiotomy, the radial forearm flap is a con-
ceivable option because it is less invasive and al-
lows early mobilization.3'? Salvage reconstruction
using a pedicled flap (e.g., pectoralis major mus-
culocutaneous flap) should be used only in cases
where recipient vessels are unavailable. In our two
cases where free jejunal transfer was performed
secondarily, we experienced little difficulty in har-
vesting the jejunum again. Boyd et al.’® reported
after an anatomical study of three fresh cadavers
thatany part of the jejunum or ileum is suitable for
transfer in terms of the ratio of chord to arc
length. Conservative treatment with pharyngos-
toma and esophagostoma formation requires sev-
eral further operations and a long time to the
initiation of oral intake. Patients 3 and 4 are our
early cases.

Group 11

In this group, early initiation of oral intake,
final swallow function, and speech were measured
to assess the subsequent treatments. When a free
flap transferred at the initial intraoral reconstruc-
tion fails, the optimal treatment should be deter-
mined depending on the size and location of the
defects. When a defect is not less than half of the
tongue, salvage reconstruction with either a cuta-
neous or musculocutaneous flap (pedicled or
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free) should be performed as permitted by the
patient’s general condition. If conservative treat-
ment with the debridement of necrotic tissue and
formation of pharyngostomy are carried out, sev-
eral further operations are required before the
initiation of oral intake. Such conservative treat-
ments often make the general condition worse
because of lasting inflammation in the pharyngeal
space, and exposure of the large vessels might
result in their rupture.

When the defects are extensive (e.g., subtotal
or total glossectomy, total glossectomy with laryn-
gectomy), we believe that salvage reconstruction
with a voluminous free musculocutaneous flap is
the first choice, such as a (contralateral) rectus
abdominis musculocutaneous flap. In our two
cases that received a salvage free rectus abdominis
musculocutaneous flap transfer because of a failed
free rectus abdominis musculocutaneous flap
transfer, we experienced litde difficulty in rehar-
vesting the rectus abdominis musculocutaneous
flap. A weakened abdominal wall is a probable
complication, for which reinforcement of the ab-
dominal wall with a tensor fascia lata flap or arti-
ficial mesh is mandatory to prevent hernia. A free
laussimus dorsi musculocutaneous flap is a possi-
ble alternative for such a large defect. In one se-
ries, one patient underwent pedicled latissimus
dorsi musculocutaneous flap transfer as salvage
reconstruction because the scar spread over the
operating field and no appropriate recipient ar-
tery was available near the defect. End-to-side anas-
tomosis to the external carotid artery or the use of
the thoracoacromial artery as a recipient was a
probable option, but we considered that the pa-
tient’s general condition would not permit further
surgery if thrombosis reoccurred.

When the defects are intermediate (e.g., hemi-
glossectomy), the use of a radial forearm flap is
preferred to an anterolateral thigh perforator flap
because the radial forearm flap is technically eas-
ier to transfer and has lower failure rates than the
anterolateral thigh flap.!® Surgeons should con-
sider the flap success rate as the most important
factor in choosing the flap, especially after loss of
the initial flap. In one patient, however, an an-
terolateral thigh flap was used in the salvage re-
construction because the left forearm flap had
already been used and nutrient vessels of the right
forearm were damaged by arterial and venous
lines. Our two patients in this category experi-
enced no complications after salvage operation
and could eat normally and had acceptable
speech. A pectoralis major musculocutaneous flap
is a conceivable alternative for such defects. When

1230

the defects are restricted for the most part to the oral
floor, direct closure of the defect is possible, al-
though salvage reconstruction with a free flap or
pedicled flap is better from a functional viewpoint.?!
In two patients with a defect of the oral floor, direct
closure of the defect was chosen at the time of flap
loss. These two patients commenced oral intake by
postoperative week 3 and ultimately ate normal
food, although the speech of one patient could not
be well understood.

Group II1

Reconstructions performed in group III were
secondary and were designed chiefly for the pur-
pose of functional improvement. In such cases,
flap loss means little change in the recipient be-
tween the preoperative and postoperative states,
whereas another free flap transfer requires an-
other donorssite sacrifice. Thus, in this group, con-
sideration of the patient’s opinion and the esti-
mated rate of success determine whether salvage
reconstruction should be performed in the acute
setting soon after thrombosis. When the release of
contracture is the chief objective of surgery, a skin
graft using a portion of skin taken from the lost
flap can provide some improvement. Because our
patient 11 had refractory arterial fibrillation,
which we consider a serious cause of arterial
thrombosis, we rejected the retransfer of the free
flap. When a free flap transfer failed because of
arterial thrombosis in patients with refractory
atrial fibrillation, the indication of another free
flap transfer should be determined after due con-
sideration because the previous arterial thrombo-
sis might be associated with atrial fibrillation.

Group IV

Group IV comprised the most challenging
cases because the reconstructions were secondary,
preoperative irradiation had been performed, and
bony reconstruction was required in all cases. In
this group, the success rate of flap survival, control
of infection, and the aesthetic appearance and
smoothness of oral intake should be included to
evaluate the salvage treatment. Nakatsuka et al.®
reported that the flap survival rate in secondary
reconstruction was significantly lower than in im-
mediate reconstruction because the available re-
cipient vessels are limited and the risk of infection
and delayed wound healing is predominantly at-
tributable to scar formation and persistent inflam-
mation caused by digestive juices. Furthermore,
osteocutaneous flaps were almost five times more
likely to fail than soft-tissue flaps.? In our series,
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when the transferred osteocutaneous or osteoadi-
posal flap was judged unsalvageable, only the soft
tissue was removed, preserving bone in five of six
cases. However, postoperative follow-up revealed
that the grafted bone degraded into the seques-
trum and was subsequently debrided in all five
cases. In regions other than the head and neck, a
free (nonvascularized) bone graft is one option
for bony reconstruction. However, in the naso-
pharyngeal space, nonvascularized bone can sus-
tain infection and degrade into the sequestrum,
especially in secondary cases. Successful recon-
struction of maxillary defects with a free vascular-
ized bone (osteocutaneous) flap has been re-
ported, including fibular,” scapular,” radial,*
and iliac® bone or osteocutaneous flap. In gen-
eral, however, osteocutaneous flaps (fibular, scap-
ular, iliac) do not have a vascular stalk as long as
that of the rectus abdominis musculocutaneous or
the latissimus dorsi musculocutaneous flap. In our
initial free flap wansfer for maxillary reconstruc-
tion, venous and/or arterial interposition was
used in two cases to obtain a long vascular pedicle,
and a scapular osteocutaneous flap was used with
a forearm flap in two cases. Flaps requiring a vein
graft have a higher rate of flap loss than those that
do not.? It may not be in the patient’s best in-
terest for a bone flap transfer such as a fibular
flap to be repeated in the acute setting at the
time of flap loss. When a secondary bony recon-
struction fails because of vascular thrombosis, we
consider that free rectus abdominis musculocutane-
ous or ladssimus dorsi musculocutaneous flap trans-
fer combined with costal cartilage or rib*#’ is the
recommended option because latissimus dorsi mus-
culocutaneous and rectus abdominis musculocuta-
neous flaps have long pedicles with large-caliber ves-
sels that are technically easier to work with. These
flaps can also be used in an extracorporeal manner.
Extracorporeal transfer requires only minimal dis-
section in the recipient, which can avoid exposure of
the great vessels and spread of infection. The use of
a titanium mesh in combination with a rectus ab-
dominis musculocutaneous flap® or simple maxil-
lary reconstruction using a rectus abdominis mus-
culocutaneous flap and prostheses™ is an option to
be considered. Salvage reconstruction using a com-
mon osteocutaneous flap with another flap or with
a vein and/or arterial graft would result in a high
rate of vascular thrombosis.

Once the free flap used in the immediate re-
construction is judged unsalvageable, salvage re-
construction should be performed as promptly as
possible. Treatment delay causes the spread of
infection and may result in exposure of the great

vessels, leading to rupture. Salvage treatment
should be determined following the patients’
wishes, considering many factors including re-
gional and general conditions and existing com-
plications, of which the success rate should be
considered by surgeons as the most important fac-
tor. Even in salvage reconstruction after free flap
loss, we believe that retransfer of the free flap is the
best choice for large soft-tissue defects to the ex-
tent that general and regional conditions permit.
In our series, the success rate of the repeated free
flap was 89 percent (eight of nine patients): five of
six patients (83 percent) who underwent soft-tis-
sue reconstruction in the acute setting and three
of three patients (100 percent) who underwent
soft- and hard-tissue reconstruction in the late set-
ting. Compared with the pedicled flap, free flap
transfers have the advantage of a large degree of
freedom for transfer and good blood supply
throughout the flap. In free flap transfer in the
head and neck, partial necrosis of the flap is rare,**
whereas the pedicle flap tends to sustain partial
necrosis of the distal parts, especially in cases
where a large flap is required. When regional and
general conditions do not permit further free flap
transfer or when defects are comparatively small,
re-reconstruction with a pedicled flap should be
considered. We occasionally have difficulty in se-
lecting suitable recipient vessels for the retransfer
of free flaps. When branches of the external ca-
rotid or subclavian artery are not available for the
recipient, we prefer to apply end-to-side anasto-
mosis directly to the external carotid artery.’® The
thoracoacromial artery is also usable. Regarding
the recipient vein, at least one of the internal or
external jugular veins is usable in most cases.
When none is available, a turned-over cephalic
vein or thoracoacromial system might be usable.'*

CONCLUSIONS

When a free flap is judged unsalvageable,
treatment should be determined on the basis of
many factors, of which the success rate should be
considered by surgeons as one of the most impor-
tant. We believe that retransfer of the common
free flap is the best choice for large soft-tissue
defects at thrombosis. When the regional or gen-
eral conditions do not permit further free flap
transfer or when defects are comparatively small,
re-reconstruction with a pedicled flap should be
considered. For soft- and hard-tissue defects, sim-
ple reconstruction with a2 common free flap with
a long vascular stalk such as the rectus abdominis
musculocutaneous or latissimus dorsi musculocu-
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taneous flap combined with costal cartilage or rib
is the recommended option.
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Reconstruction of maxillectomy defects with free flaps - comparison of
immediate and delayed reconstruction: A retrospective analysis of 51

cases
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Abstract

To establish a standard reconstructive material we compared outcomes after immediate and delayed reconstruction. Of the
21 patients who had immediate reconstruction, six patients had upper horizontal plane reconstruction. All bone grafts
survived without infection or absorption. Of the 30 patients who had delayed reconstruction, 22 patients had upper
horizontal plane reconstruction, with vascularised bone in 14 patients, non-vascularised bone or cartilage in five patients,
and hydroxyapatite bone block in three. Postoperative infections developed in three of four patients for whom costal’
cartilage was used, and in all three patients for whom hydroxyapatite blocks were used. Non-vascularised bone or cartilage
grafts are preferable for immediate reconstruction because of their technical simplicity. Vascularised bone grafts or

osteocutaneous flaps are preferable for delayed reconstruction,

by bacterial.

however, as in most cases the operating field is contaminated

Key Words: Maxilla, reconstruction, microsurgery, free flap, free bone, vascularized bone

Introduction

Restoration of composite tissue defects after max-
illectomy remains a difficult problem, as various
adjacent structures such as the paranasal sinuses,
palate, nasal cavity, orbital contents, skull base, oral
mucosa, and cheek skin are often excised together
with the maxillary bone. The timing of reconstruc-
tion is also difficult, and remains controversial. Some
oncologists recommend avoiding immediate recon-
struction after ablative excision of maxillary cancer
to facilitate inspection for recurrent tumour,
although there are numerous ways to monitor this
nowadays. Reconstruction has also been recom-
mended, as this allows enough of the maxilla and
surrounding affected tssues to be removed, so
increasing the range of indications for maxillectomy
as a curative treatment [1]. The timing and need for
reconstruction remain contentious issues among
oncologists, while there has been little discussion

among reconstructive surgeons. Various opinions
have been put forward about optimal reconstructive
materials and procedures for the midface, and
standard methods of reconstruction have not yet
been established.

We present a retrospective analysis of 51 patients
who had either immediate (n=21) or delayed
(n=30) reconstruction after maxillectomy using
free flaps.

Patients and methods
Patients

Between 1993 and 2004, a total of 51 patients (36
men, 15 women) had maxillary and midfacial
reconstruction at the University of Tokyo Hospital
(1993-2002) and Kyorin University Hospital
(2003-2004). Patients who required maxillectomy
mainly had maxillary cancer, with the exception of
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one with osteosarcoma of the maxilla and one
patient with adenocarcinoma of the lacrimal gland.
Mean age at operation was 56 years (range 20 to 74).
Twenty-one had immediate (primary) reconstruc-
tion after resection, and 30 patients had delayed
(secondary) reconstruction after a follow-up period.

Types of reconstruction

The flaps used are shown in Table I. Radial vessels or
dorsalis pedis were grafted between pedicles of the
transferred flaps and recipient vessels when recipient
vessels were too far away from the pedicle vessels of
the transferred flap.

Reconstruction of bony support

The midface and orbits are described as a structural
unit [2,3]. We also simplified the maxilla as follows
(Figure 1). The three vertical buttresses of the
maxilla include the nasofrontal, zygomatic, and
pterygomaxillary buttresses. The two horizontal
planes include the lower horizontal plane, chiefly
consisting of the palatal bone and maxillary alveolus,
and the upper horizontal plane, comprising the
orbital floor and zygomatic arch. In this series,
vascularised bones, non-vascularised bones or carti-
lages, and hydroxyapatite blocks were used to
reconstruct the upper horizontal plane.

Results
Failure of flaps

Following immediate reconstruction, arterial throm-
bosis was seen in one patient, and prompt explora-
tion and reanastomosis resulted in successful salvage
of the flap. Flap transfer was successful in all cases
when used for immediate reconstruction. With
delayed reconstruction, however, arteries throm-
bosed in three patients and veins in three patients.

Table I. Material used in immediate and delayed reconstruction.

Number of patients

Immediate Delayed

Reconstructive material’ (n=21) (n=30)
Rectus abdominis musculocutaneous flap 16 12
Scapular osteocutaneous flap ’ 2 10
Latissimus dorsi-serratus anterior muscle 2 0
rib osteomyocutaneous flap
Latissimus dorsi musculocutaneous flap 1 0
Radial forearm osteocutaneous flap 0 3
Anterolateral thigh flap 0 3
Fibular osteocutaneous flap 0 1
Radial forearm flap 0 1

Maxillary reconstruction with free flap 15

Although we tried to salvage three flaps by vascular
reanastomosis, the flap necrosed completely. All
three necrosed flaps required interpositional vessel
grafts or a forearm flap as an interpositional flap, as
the pedicles could not reach the recipient vessels.
The success rate with delayed reconstruction was
therefore 90%.

Reconstruction of the upper horizontal plane

Table II shows the results of reconstruction of the
upper horizontal plane, comprising the orbital floor
and zygomatic prominence. Of 21 patients who had
immediate reconstruction, bones comprising the
upper horizontal plane including the Lockwood
ligament were excised in 18. Of these 18, six
reconstructions used vascularised bone (scapula
and rib, =2 each) or non-vascularised costal
cartilage (n=2). All bone grafts survived without
infection or absorption.

Of 30 patients whose reconstruction was delayed,
the upper horizontal plane including the Lockwood
ligament was lost in 26 patients. Of these 26
patients, 22 reconstructions involved vascularised
bone (scapula, n=10; radius, n=3; fibula, n=1),
non-vascularised bone, or cartilage (costal cartilage,
n=4; cranium, n=1) or hydroxyapatite block
(n=3). Postoperative infection developed in three
of four patients in whom costal cartilage was used,
and in all three patients who had a hydroxyapatite
block. Materials used for reconstruction were re-
sected in all six patients with postoperative infection.

Reconstruction of the eye socket

The eye was excised or enucleated in 16 patients
who had immediate reconstruction, and it had
already been done in six patients who had delayed
reconstruction. With immediate reconstruction,
three patients underwent simultaneous reconstruc-
tion of the eye socket using a skin portion of the
scapular osteocutaneous flap (n =2) or rectus abdo-
minis musculocutaneous flap (z =1). The eye socket
was not reconstructed in the other 13 patients. With
delayed reconstruction, two of the six had their eye
sockets reconstructed using rectus abdominis mus-
culocutaneous flaps.

Reconstruction of the base of skull

The anterior base of the skull was resected in eight
patients. All patients had immediate reconstruction
using rectus abdominis musculocutaneous flaps to
seal the brain from the nasoethmoidal space and
prevent infection.
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(@)

(1)

Figure 1. Diagram of the midface. The three vertical buttresses of the maxilla include the nasofrontal (1), zygomatic (2), and
pterygomaxillary (3) buttresses. The two horizontal planes include the upper horizontal plane (a) consisting of the orbital floor and
zygomatic arch, and the lower horizontal plane (b) chiefly consisting of the palatal bone and maxillary alveolus.

Case reports
Case 1

A 51-year-old man presented with squamous cell
carcinoma of the left maxillary sinus. After 30 Gy of
preoperative radiotherapy, and chemotherapy using
5-fluorouracil and cisdatin, the maxilla including the
upper and lower horizontal planes was resected en
bloc, preserving the orbital contents, together with a
radical neck dissection. The upper horizontal plane
was reconstructed using non-vascularised eighth
and ninth costal cartilages, which were fabricated
and fixed to the remaining frontozygomatic process
and zygomatic arch with titanium miniplates. A

Table II. Success rate of bone and cartilage grafts for reconstruc-
tion of the orbital floor. Data are number of patients.

Number of patients
who survived

Immediate  Delayed
Material used for reconstruction (n=6) (n=22)
Vascularised bone 4 14
Non-vascularised bone and cartilage 2 5
Implant 0 3

rectus abdominis musculocutaneous flap with two
cutaneous islands was used for reconstruction of the
palate and nasal lining. His postoperative course was
uneventful, with no infection or exposure of carti-
lages. Four years postoperatvely, the position of his
eyes is symmetrical, and he has no double vision, but
the left cheek is slightly depressed (Figure 2).

Case 2

A 66-year-old woman presented with severe facial
deformity and double vision caused by downward
dislocation of the left eye after resection of squamous
cell carcinoma of the left maxillary sinus. As the
palate was not resected and the soft tissue defect was
small, a 4 x 2 cm piece of calvarial bone was used to
reconstruct the orbital floor and restore the position
of the eye. An anterolateral thigh flap was used to
cover the transferred calvarial bone and to recon-
struct the facial skin defect created in the lower lid
region by repositioning the slipped eyeball to avoid
ectropion. One year postoperatively, her double
vision has vanished, and her facial contours are
improved (Figure 3). The anterior thigh skin gave a
poor colour match to the cheek, and was later
replaced with a skin graft from the preauricular skin.



Maxillary reconstruction with free flap 17

Figure 2. Case 1. (a) Preoperative computed tomogram. (») Immediately after the en bloc excision using the Weber-Fergusson approach.
(c) The rectus abdominis musculocutaneous flap was set in the defect to create the oral and nasal lining. (d) The non-vascularised rib
cartilage (—) was fabricated and fixed to the remaining frontozygomatic process and zygomatic arch with titanium miniplates. (e)
Postoperative appearance at four years. (Published with the patient’s consent). () Postoperative computed tomogram at four years.

Case 3

A 27-year-old man had a spindle cell sarcoma of the
left maxilla resected. After a period of three years he
complained of double vision and oronasal incompe-
tence as a result of the resection of the palate.
Because the defective maxilla with its bacterial
contamination had to be removed for palatal closure,
vascularised scapula was used for the reconstruction
of the upper horizontal plane and a scapular flap was
used for obliteration of the maxilla. Three years
postoperatively the patient can speak well and eat
without dentures, although the alar base is slightly
depressed (Figure 4).

Discussion

The midface contains highly specialised structures
that serve multiple functions confined within a small
space, and is therefore exceedingly complicated.
Reconstruction of defects is a challengé to recon-
structive surgeons. Microvascular tissue transfer has
dramatically changed the way we reconstruct the
head and neck, and also forms the mainstay for
reconstruction after maxillectomy. However, there
are various opinions about which materials and
methods are best for the midface. Some reconstruc-
tive surgeons have recently advocated that midfacial
skeletal reconstruction after resection should be
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Figure 3. Case 2. (a) Precperative appearance. (Published with the patent’s consent). (b) Preoperative three-dimensional computed
tomogram. (c) Calvarial bone (—) was used to restore the position of the eyeball. (d) An anterolateral thigh flap was used to cover the
transferred calvarial bone and to reconstruct the facial skin defect. (¢) Postoperative appearance at one year. (Published with the patient’s
consent). () Postoperative three-dimensional computed tomogram at one year.
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Figure 4. Case 3. (a) Preoperative appearance. (Published with the patient’s
consent). (b) Preoperative three-dimensional computed tomogram. (¢) The
vascularised scapular osteocutaneous flap that was harvested. (d) The
scapula (a) was used for the upper horizontal plane reconstruction, and
the scapular flap (b) was used for palatal closure. (¢) Postoperative
appearance at three years. (Published with the patient’s consent). (f) The
palate closed by the scapula flap. (g) Postoperative three-dimensional
computed tomogram at three years.
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based on the principles of the restoration of max-
illary buttresses [3,4]. The concept of maxillary
buttresses was originally described by Sicher and
DeBrul [5] and re-emphasised by Manson et al. {6]
and Gruss and Mackinnon [7] in the treatment of
Le Fort-type facial fractures. The three maxillary
buttresses are the medial buttress (nasomaxillary
buttress), the lateral buttress (zygomaticomaxillary
buttress) and the posterior buttress (pterygomaxil-
lary buttress). According to Gruss and Mackinnon
[7], reconstruction of the anterior (medial and
lateral) buttresses is important for exact vertcal
height and horizontal projection of the maxilla.
These concepts attach great importance to vertical
skeletal supports and simplify the treatment of
complicated facial bone fractures. These concepts
are absolutely true in the treatment of the Le Fort-
type fracture in which the midface is often shortened
vertically.

In reconstruction of the maxilla after tumour
ablation, however, vertical reconstruction is rarely
required because posterior components of the mid-
face such as posterior wall of the maxillary sinus and
pterygomaxillary buttress almost always remain.
Vertical height of the maxilla is rarely shortened
after maxillectomy, even in total maxillectomy.
Conversely, horizontal planes such as the orbital
floor (upper horizontal plane) and palate (lower
horizontal plane) are often resected. Coleman there-
fore proposed an alternative concept for maxillary
reconstruction after tumour ablation, in which mid-
facial bones are simplified into a truncated pyrami-
dal shape and functional surfaces of the midface
buttress include the infraorbital area, palate, lateral
nasal wall, and buccal-malar skin [2]. Coleman
noted that reconstruction of the entire structure is
usually impractical and satisfactory reconstruction
can be performed by obliterating the central cavity
and replacing the important surfaces (orbital, pala-
tal, and malar) using vascularised bone and soft
tissue flaps.

Our concept of the maxillary structure is shown in
Figure 1. The three vertical buttresses of the maxilla
including the nasofrontal, zygomatic, and pterygo-
maxillary buttresses, maintain midfacial projection
and vertical height. The concept of buttresses means
vertical supports, so buttresses primarily comprising
orbital and palatal bones should be named horizon-
tal planes rather than buttresses, to avoid confusion
in terminology. Of the two horizontal planes, the
lower horizontal plane consists mainly of palatal
bone and maxillary alveolus, and provides a normal
occlusal plane for the mandible. This also maintains
facial width and proportion in close connection with
the vertical buttresses. The upper horizontal plane,
consisting of the orbital floor and zygomatic arch,

supports the eyes and forms the zygomatic promi-
nence, which is also aesthetically important in
manifesting three-dimensional form of the face.

Maxillary reconstruction should be planned ac-
cording to these anatomical characteristics. We think
that reconstruction of all three vertical buttresses
is unnecessary, because the posterior wall of the
maxilla is almost always left intact after resection,
which is a distinct difference from a Le Fort-type
fracture. As a result, the vertical height of the maxilla
can be retained without reconstruction. Bony recon-
struction of the nasofrontal vertical buttress is clearly
important to avoid depression of the alar base. The
pterygomaxillary buttress and lower horizontal plane
are likewise important for osseointegration. How-
ever, reconstruction of this buttress and plane using
a vascularised bone transfer is difficult, and these
problems can be resolved simply using maxillary
prostheses [8]. A depressed alar base can be raised
by dentures, with only reconstruction of the medial
nasal wall with a soft tissue flap. Osseointegration is
hardly required for patients with maxillary cancer,
who typically have a poor prognosis. The zygomatic
buttress, while certainly important for malar promi-
nence, can be achieved by reconstruction of the
upper horizontal plane. On the other hand, recon-
struction of the upper and lower horizontal planes is
more important than that of the vertical buttresses.
Restoration of downward deviation of the orbit
because of loss of the upper horizontal plane is
critical for the treatment of double vision and facial
aesthetics. Although many surgeons admit that ‘the
upper horizontal plane (orbital floor) should be
reconstructed using hard tssue, some have sug-
gested that vascularised bone should be used to
avoid infection or absorption of transferred bone
[4,9,10], while others have reported the safety of a
non-vascularised bone graft [3,11]. We think that
one of the reasons underlying such confusion lies in
differences of the timing of reconstruction. One of
the aims of the present paper was therefore to
elucidate differences in results between immediate
and delayed reconstructions.

For immediate reconstruction we used either a
rectus abdominis or a latissimus dorsi musculocuta-
neous flap, which is rather large. In all six patents
who had their upper horizontal planes recon-
structed, the grafted bone survived well. This is
probably because non-vascularised costal cartilage
could be .adequately wrapped with a large flap.
However, various types of flaps with little soft tissue
such as radial forearm and anterolateral thigh flaps
were used for delayed reconstruction. Postoperative
infection occurred in three of four patients in whom
a non-vascularised costal cartilage had been used,
although vascularised bone that avoided necrosis of



the flap survived well in all patients. These results
indicate a greater possibility of infection if non-
vascularised bone cannot be wrapped adequately in a
large soft-tissue flap.

Another reason for the high infection rate in non-
vascularised bone with delayed reconstruction may
be that the operative field is inevitably contaminated
by bacterial flora that has already become estab-
lished in the maxillary defect. Vascularised bone
should be selected for reconstruction of the upper
horizontal plane for delayed reconstruction, but
bacterial contamination of the operative field can
be avoided in delayed reconstruction if the maxillary
defect is left untouched without reconstruction of
the nasal wall or palate. The upper horizontal plane
should be reconstructed using only non-vascularised
bone together with a soft-tissue free flap. The only
patient in whom non-vascularised bone was success-
fully transferred during delayed reconstruction had
such a manipulation. '

In addition to the upper horizontal plane, the
lower horizontal plane is critical for oronasal com-
petence. Palatal closure is advisable, as patients can
usually speak well and eat without dentures [3].
However, palatal closure may reduce prosthetic
stability [8], so we think that palatal defects should
be closed in younger patients with sufficient residual
maxillary teeth for chewing, and an obturator should
be used without palatal closure for elderly patients
with few residual teeth. Combining the reconstruc-
tive concepts of upper and lower horizontal planes,
reconstruction should be planned as follows: for
immediate reconstruction, the wupper horizontal
plane should be reconstructed using non-vascu-
larised free bone. Vascularised bone should be used
for delayed reconstruction when the nasal or palatal
walls are reconstructed and bacterial contamination
is expected. This is particularly so when patients are
young and with sufficient residual teeth and dentures
are not required. However, non-vascularised bone
should be used when the maxillary defect has not
been touched during operation. When the palate is
open dentures are obviously required postopera-
tively.

For immediate reconstruction all transfers were
successful, although there was one arterial throm-
bosis which was treated by immediate reanastomo-
sis. For delayed reconstruction, however, transferred
flaps resulted in necrosis in three of 30 patients. All
three necrosed flaps had required interpositional
vessel grafting or a radial forearm flap as an inter-
positional flap, as flap pedicles could not reach the
recipient vessels. However, the use of serial flaps is
reportedly safe [12,13], even though the risk of
necrosis may be higher because double the number
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of microanastomoses are required. We therefore
cannot conclude that the high rate of necrosis in
delayed reconstruction results from the use of serial
flaps. Another common factor in necrosed flaps was
arterial thrombosis, which occurred around post-
operative day 4 (relatively late postoperatively) in all
cases. The nasal cavity or palate was closed during
the operation in each of these three cases. Bacterial
contamination is inevitable when the maxillary
defect is completely closed, so we think that the
cause of the high rate of necrosis of flaps in delayed
reconstruction compared with immediate recon-
struction involves infection around the pedicles
that leads to late vascular thrombosis. To avoid this
type of infection, the maxillary defect should be
cleaned preoperatively.
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