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ABSTRACT

This article aims to discuss the various defects that occur with maxillectomy with a full review of the
literature and discussion of the advantages and disadvantages of the various techniques described.
Reconstruction of the maxilla can be relatively simple for the standard low maxillectomy that does
not involve the orbital floor (Class 2). In this situation the structure of the face is less damaged and
the there are multiple reconstructive options for the restoration of the maxilla and dental alveolus. If
the maxillectomy includes the orbit (Class 4) then problems involving the eye (enopthalmos, orbital
dystopia, ectropion and diplopia) are avoided which simplifies the reconstruction. Most controversy
is associated with the maxillectomy that involves the orbital floor and dental alveolus (Class 3).
A case is made for the use of the iliac crest with internal oblique as an ideal option but there are
other methods, which may provide a similar result. A multidisciplinary approach to these patients is
emphasised which should include a prosthodontist with a special expertise for these defects.
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axillary reconstruction still remains an area of

controversy in Head and Neck Surgery. In the

past the main method of rehabilitation involved
prosthesis with an obturator which often produced
very acceptable results considering the extent of the
ablative surgery. The operation was simpler and could be
accomplished in relatively shorter time and also the defect
could be inspected to detect the presence of recurrence
at an earlier stage. Very little research had been done on
the quality of life outcomes in this group and it is still
uncertain how patients cope with this form of prosthetic
rehabilitation, especially for larger defects.

Tumours arising in the paranasal sinuses and the
maxillary alveolus form the majority of maxillectomy
cases and the incidence of squamous cell carcinoma
arising in these sites is relatively uncommon. As a result
there are few studies reporting on the management of
these cases. Most papers tend to report a single method
of reconstruction and few studies have been reported to
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compare the outcome of using different rehabilitative or
reconstructive methods.

ANATOMY AND FORM

In most cases of mid-face ablation the facial skin is spared
and the main loss of structure is part of the maxilla. The
maxilla provides a skeletal base for the form of the face
and supports the orbit and the alar part of the nose.
It also provides the alveolar bone, which supports the
teeth of the upper jaw. The majority of this tissue is
bone and its replacement should be the main aim of
the reconstruction. If the facial skin does not require
resection then the soft tissue structure that is lost with
a maxillectomy is mucoperiosteum, which lines the nasal
cavity and the palate. The most natural replacement of
this tissue is in fact muscle which when used to line bone
forms a pseudo-periosteum that becomes epithelialised
and firmly attaches to the bone. The structure is immobile
and is the passive partner of the lower jaw. Mobility of
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the soft tissue reconstruction is not an advantage as in
the floor of the mouth and tongue.

CLASSIFICATION AND CONCEPTS IN
RECONSTRUCTION

There are a number of working classifications of the
maxillary defect but it is important that any classification
is simple to remember and clearly indicates the increasing
complexity of the defect. Well have described a system,
which includes the dental loss as well as the facial or
surgical defect [Figure 1].

SURGICAL COMPONENT (VERTICAL)

Class 1

Minimal loss of the alveolar bone without an oro-antral
fistula. Loss of the hard palate only. Partial maxillectomy
with no breach of the oral cavity or loss of the alveolus

Class 2
Including the alveolus and antral walls, but not extending
to the orbital rim or adnexae

Class 3
As in Class Il but including the orbital floor or medial wall

Class 4
Maxillectomy with orbital exenteration

DENTAL COMPONENT (HORIZONTAL)

a) Less than or equal to half the dental alveolus

b) More than half the dental alveolus or crossing the
midline

c) The entire maxillary alveolus

The principle of this classification is that the need for
composite reconstruction increases as the Class of the
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Figure 1: Classification of the maxillectomy defect (23)
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defect increases. There is evidence that patients with
larger defects had a decreased quality of life.

A Class 1 defect can be simply treated with obturation or a
soft tissue flap often preferred at the junction of the hard
and soft palate. Partial maxillectomies involving the lateral
nasal wall for an inverted papilloma can be left without
obturation or reconstruction with excellent results.

In the classic hemi-maxillectomy defect (Class 2) it is the
extent of the loss of the dental alveolus (Class 2a-c), which
complicates both the obturation and the reconstruction.
In my experience this is very important if there has been
a high resection anteriorly with loss of the septum and
support of the alar base.

The Class 3 defect is the most complex problem for
either the reconstructive surgeon or the prosthodontist.
The problem with such a defect is the primary need to
reconstruct the orbital floor and medial wall, provide
support for the cheek skin and a reliable base for an
implant-retained dental prosthesis. By retaining the eye
the problems of facial disfigurement due to enopthalmos,
ectropion and the functional problem of epiphora need
to be addressed.

In the Class 4 defect it is necessary to enucleate or
exenterate the eye, which results in a significant facial
deformity but this surgery necessitates both an orbital
and dental prosthesis. The orbital prosthesis can be used
to disguise poor support of the cheek if the orbital rim
has not been restored and the problems of enopthalmos
and ectropion are avoided. The use of a composite graft
with a reasonable height of bone is required if dental
rehabilitation is to be achieved.

The principle of maxillary reconstruction is now accepted
although concern remains regarding the inability to
directly examine the defect. Postoperative scans and
regular endoscopy can play a more important role in
clinical surveillance, but there is no evidence that filling
the defect is associated with a compromised outcome in
terms of survival. The role of cavity inspection may be more
useful for lower grade disease such as an ameloblastoma
or low-grade salivary tumours but the prognosis for
patients with recurrent squamous cell carcinoma remains
poor, whatever the method of rehabilitation.

Review of the literature clearly shows the lack of consensus
on the management of this defect. Table 1 shows the
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articles published since 2000 describing different free flap
options on maxillary reconstruction and Table 2 lists larger
series and the choice of reconstructive options. Teaching
and guidance as to the best technique, therefore, is based
more on authority than clinical evidence.

Multidisciplinary decision-making in the manage-
ment of the maxillectomy defect

In the reconstructive practice the role of the Restorative
Dentist is essential in the management of any patient
with head and neck cancer and this is most important
for patients with a planned maxillectomy as part of
their treatment. Each case requires discussion in terms
of the disease, age, medical fitness and most important
the patient’s aspirations. Table 3 shows the essential
differences between obturation and reconstruction which

Table 1: Mid-face reconstruction reporting on a single
technique (Medline search)

Author Year Type of flap No. of
cases

Askar?! 2003 Radial 1
Hashikawal® 2006 Radial titanium mesh and

obdurate 5
Guelfuccil® 2001 Radial 23
Nakayamal® 2004 Radial and titanium mesh 18
Kim®! 2005 Radial (osteocutaneous) 23
Santamarial” 2000 Radial 2, (osteocutaneous) 4
Zhang® 2004 Radial and titanium mesh
Barnoutil® 2006 Lateral arm (osteocutaneous) 1
Brown!"® 2002 lliac crest with internal oblique 24
Kelly!" 2004  Inner table of iliac crest 1
Bianchil'? 2005 Rectus with 8" and 9

vascularised costal cartilages 1
Butler!™ 2004 Rectus 7
Davison!'4 2004 Rectus with vascularised rib 6
Pryor!' 2005 Rectus 13
Sakurabal'®! 2003 Rectus and obturation 5
Chang!"” 2003 Fibula 3
Chang!® 2004 Fibula 1
Peng!9 2005 Fibula 34
Yazart?! 2006 Osteomyocutaneous peroneal

artery perforator flap 6
Jones? 2003 = Scapula (osteocutaneous) and

radial 1
Bidros?? 2005 Thoracodorsal scapula 2
Uglesici® 2000 Thoracodorsal scapula 3

Maxillary reconstruction

need to be considered while making the decision. The
team should be able to offer the full range of prosthetic
and reconstructive options and devise a treatment plan
to restore the form and function lost as a result of the
ablative surgery.

Although the evidence in the literature is weak there
is a trend to suggest that patients are more satisfied
following reconstruction when compared to obturation.
We published a study involving 28 patients, 10 managed
with obturation and 18 with a free flap and although
the groups were not matched the results favoured the
reconstructed group although these defects were larger
and a higher percentage required radiotherapy [Table 4].
While comparing the groups the oral pain and soreness
was significantly less and overall satisfaction with function
was greater in the reconstructed group. The facial
appearance is generally not compromised with a Class 2
defect, which comprised the majority of the comparative

group.

Eric Genden from Mark Urken’s group compared matched
patients with Class 2a defects with obturation and
reconstruction (one scapula, three iliac crest with internal
oblique) but they only had four in each group with four
controls.?” The results favoured the reconstructed group
and the donor site did not seem a significant problem in
them.

For the purposes of this article | will concentrate on the
reconstruction of the Class 2-4 defects as Class 1 cases
often need no reconstruction or a soft tissue flap is all
that is required since there is no loss of the functioning
dental alveolus.

RECONSTRUCTION OF CLASS 2, 3 AND 4
MAXILLARY DEFECTS

Class 2a
There are a multitude of techniques that have been
described which can give good results in the standard

Table 2: Mid-face reconstruction reporting on a selection of free tissue transfer options with greater than 25 cases reported
(Medline search)

Author Year Radial C Radial  Fibula DCIA
Brown!" 2000 15 7 12
CordeiroP4 2000 6 4

Triana 2000 10 1
Yamamoto!?®! 2004 6 - 2 -

Scapula Rectus LD Others Total
34
45 55
9 14 5 Thoracodorsal scapula 13 62
2 20 1 31

C Radial - Composite radial, DCIA - lliac crest with internal oblique, LD - Latissimus Dorsi
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Table 3: Factors that require discussion with the patient as
part of the consent for oral and facial rehabilitation

Factor
Method

Donor site

Facial restoration
Dental restoration
Obturator changes
under GA

Cavity inspection
Retained dentition

Poor fit of obturator
Oronasal reflux
Results for Class 3

Obturation
Simple

Quick procedure
Not required

Immediate
Immediate
Required

Available
Helpful for retention

Can be problematic
Can be problematic
Difficult obturator fit

Reconstruction
Complex

Longer operation
Donor site
morbidity
Immediate
Secondary

Not required

Not available
Simpler second
stage rehabilitation
Avoided

Avoided

Preferred option
for larger defects
No further major
surgery required

and 4 defects
Secondary surgery

and higher risk of failure
Reconstruction remains
an option in the longer
term

Table 4: University of Washington questionnaire

Cumulative score 74 75 0.68
EORTC head and neck 35 (% with problem
during the last week)

Pain in your mouth 60 22 0.04

Soreness in your mouth 80 33 0.05

Gained weight 20 61 0.06
Oral symptom checklist (% item present)

Aware upper teeth 90 40 0.06

Self-conscious 50 9 0.06
Denture satisfaction (% satisfied)

Satisfied with function 40 100 0.03

Cumulative score high score most satisfied

low maxillectomy that does not cross the midline. In my
opinion this is the only defect that can be reconstructed
without a composite free flap and hence the role of
pedicled flaps is useful and often adequate.

Pedicled flaps

The most commonly described pedicled flap is temporalis
but this flap is limited to an arc of rotation that reaches
the ipsilateral canine. If the flap is to be used for a defect
involving the ipsilateral central incisor then its reach may
be a problem and dehiscence an expected complication.
Tideman®® described this flap in conjunction with non-
vascularised bone from the iliac crest maintained in a
titanium mesh structure. The buccal fat pad is a useful
source of tissue but can usually only reach more posterior
defects.? The use of the temporoparietal fascia and outer
calvarium based on the superficial temporal artery has also
been described although the source of bone is limited.%
Although the use of the deltopectoral flap is not preferred
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there is a large series that describes good results as long
as the flap is delayed prior to transfer.®Y More recently,
the submental island flap®™ has been developed in many
areas of facial and oral reconstruction as reverse-flow can
be utilised to increase the length of the pedicle to reach
the orbit. This is perhaps the simplest and most reliable
reconstruction when bone is not required for defects
posterior to the canine in the dentate patient. It is more
preferable to use a muscle-based flap such as temporalis
for the edentulous patient as the epithelialised muscle
base is more suitable to bear a denture.

Free tissue transfer

If the reconstruction is for a dentate patient with a
posterior defect in which the ipsilateral canine can be
saved then a soft tissue flap is all that is required as there
is sufficient bone to support the face and a partial denture
need only hold the premolar teeth.

For larger defects involving the incisors a composite flap
is generally preferred. The composite fibula flap seems
to be the most appropriate flap for this defect, since it
has sufficient height of bone for a low unilateral defect
and a longer pedicle to make the anastomosis possible
in the main part of the neck without grafting [Figure 2].
In general terms the fibula flap offers many advantages
because of the ease of harvest and comfortable two-team
working as well as the fact that the skin may get drawn
against the bone preventing sagging of the paddle. The
other flaps used in these defects include the composite
radial forearm flap (RFF) and the DCIA flaps. The problem
with the composite RFF is the continuing concern over
the donor site fracture rate and poor quality bone, which

Figure 2: Class 2a defect for squamous cell carcinoma reconstructed with a
fibula bone. There is sufficient height of bone to support a dental implant and
support the facial skin. The longer pedicle is an advantage over the iliac crest
for this defect
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is insufficient for an implant-retained denture.

Class 2b-c

Once the low maxillectomy (Class 2) defect crosses
the midline (Class 2b) or involves the whole of the
functioning dental alveolus (Class 2c), then a composite
flap is essential to restore the loss of bone which
includes the important anterior alveolus, support the
alar region and nasal columella and provide an adequate
bony base for an implant-retained prosthesis. The
choice of flap for this more complex defect depends on
the height of bone that is lost in the anterior maxilla
and nasal septum. If the loss of bone only includes the
dental alveolus then a fibula flap is the ideal choice. If
the height of bone loss includes a significant part of
the nasal piriforms, the nasal septum and extending
towards the nasal bones (=2 cm) then a vertically

Figure 3a: Coronal MRI scan demonstrating the need to remove the orbital floor
and medial wall as part of the maxillectomy

Figure 3b: The specimen is bone covered by mucoperiosteum for which the best
reconstruction is muscle and bone of sufficient height and depth
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placed iliac crest with internal oblique provides the
ideal flap. In the original paper first describing the use
of iliac crest with internal oblique | suggested the use
of the horizontal placement of the bone for the lateral
defect using part of the bone to fill the palatal defect
also. But it has been found unnecessary to provide
bony reconstruction of the palate and also the use of
the internal oblique for soft tissue.

Correction becomes difficult when the iliac crest is
placed horizontally. Figure 3 shows the case previously
published following a further composite RFF to try and
augment the loss of the facial bone. Unfortunately, the
segment of bone was lost and in the long term we have
not been able to orally rehabilitate this patient despite
the placement of implants. Shorter implants seem to
work well in the fibula bone but the additional height

Figure 3c: This per-operative photograph shows the thickness of the graft to
support titanium mesh used for the orbital reconstruction and demonstrates
how the bone has been fashioned to fit the maxillary defect so that the alar is
supported and there is excellent bone contact at the zygomatic buttress the
nasal bones and the anterior dental alveolus

Figure 3d: There was no enopthalmos or ectropion 9 months after this procedure.
There is some ptosis of the lateral orbital soft tissues which indicates the need
to hitch up the muscle and soft tissue in this region
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of the iliac crest is an advantage to ensure successful
osseointegration.

Class 3a-c

In terms of the maxillectomy or mid-face defect the loss
of the maxilla and orbital floor presents the most complex
reconstructive problem. The aim of reconstruction is to
close the oronasal fistula, restore the functioning dental
alveolus, provide support for the facial skin and most
importantly support the orbit and eyelids. The iliac
crest with internal oblique is an ideal flap to fulfil these
requirements. It is the only bone source that will be able
to provide sufficient bone for an implant-retained dental
prosthesis, support of the face and a platform for the
reconstruction of the orbital floor with either titanium
mesh or free bone from the hip or the calvarium. The
muscle will obturate the oral defect and provide an
epithelialised lining for the lateral nose.

The relationships of the hard and soft tissue components of
the iliac crest with internal oblique are ideal. The criticism
of the use of the iliac crest with internal oblique relates to
the poor quality of the soft tissue, the short length of the
pedicle and the problems with the donor site.® There is
persisting concern regarding the iliac crest donor site but
in a retrospective study comparing 19 iliac crests with 16
fibula cases there was no difference in patient tolerance and
if anything the iliac crest caused less major problems for this
patient group.¥ We have also carried out a study asking
patients the preference for the site of a scar in free tissue
transfer and the fibula site was not favoured compared
to an abdominal scar (in press PRS). The problem of the
shorter pedicle is an important factor and considerable
skill is required to overcome this problem. It is possible
to site the bone harvest posterior to the anterior superior
iliac spine and | use the facial vessels overlying the body of
the mandible for the anastomosis. Others including Mark
Urken’s group now use vein grafts for both the artery and
vein and bring the pedicle into the main part of the neck.
In my experience it is virtually always possible to use the
facial or retromandibular vein but a graft may be required
if there is insufficient run-off from the facial artery.

The scapula donor site offers a reasonable height of
bone but this may be too thin in the dental alveolus to
accommodate implants. Uglesic®?® has described the use
of the angle of the scapula supplied by the angular branch
of the thoracodorsal artery in combination with the
muscle and/or skin of the latissimus dorsi, which | have
termed the thoracodorsal scapula [Table 1]. This has the
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advantage of the longer pedicle, which can easily reach
the neck and the use of epithelialised muscle in the oral
cavity, which results in a more natural denture-bearing
surface. The bone stock that can be safely transferred is
limited and this part of the scapula is thinner making an
implant-retained prosthesis unreliable. In my opinion this
may be a better alternative than the fibula flap, which has
a limited bone height and relies on skin coverage in the
nasal cavity and the mouth. Itis possible to carry out two
osteotomies of the fibula bone to reconstruct the orbital
rim, the lateral nasal wall and the dental alveolus but this
is not possible for Class 3b defects and results in a short
pedicle as most of the bone length is utilised. It is also not
possible to bring the dental alveolar section as far as the
zygomatic buttress to complete the bony reconstruction.
In the longer term there is a risk of a facial deformity as
there is no direct support to the facial skin. | have not
seen a reported case of a double-barrelled fibula flap for
a Class 3 defect but in this situation the orientation of the
skin island would be difficult and the pedicle shortened.
There would be little capacity to shape the bone graft to
fit the contours of the face.

The key to the reconstruction of the maxilla is the
provision of a reliable bony structure to support the soft
tissue components of the orbit and face and provide a
basis for the wearing of a tissue-borne or implant-retained
dental prosthesis. In my opinion neither the scapula nor
the fibula donor sites can make this provision for the
Class 3 defect and my preference is the iliac crest with the
internal oblique for the reasons stated above.

Class 4a

Once the decision has been taken to exenterate the orbit
in the management of mid-face malignancy then the
problems for the reconstructive surgeon are reduced. The
complications of diplopia, enopthalmos and ectropion
are obviated by the removal of the eye and the provision
of a prosthetic eye can mask some of the deformity if
vascularised bone has not been transferred as part of the
reconstruction.

My first choice reconstruction for a Class 4 defect is still
the iliac crest with internal oblique.*%34 It is possible to
achieve an excellent result with full long-term support of
the facial skin and a base for an implant or tissue-borne
dental prosthesis. A close working relationship with both
the maxillofacial technician and the restorative dentist
is an essential part of achieving this sort of result. As in
the Class 3 defect neither the scapula nor the fibula flap
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can provide sufficient bone for the support of the orbital
prosthesis, the facial skin and the dental rehabilitation.
The best compromise reconstruction is a large soft
tissue flap with abundant muscle to obturate the whole
of the defect from the roof of the orbit to the dental

Maxillary reconstruction

alveolus. This provides sufficient bulk for good healing
and although there will inevitably be some facial collapse
due to the ptosis of the flap with gravity and no chance
of a successful dental rehabilitation, some quality of life
can be maintained.

Table 5: Summary of free flap reconstructive options in maxillary reconstruction

Class 1

Minimal defect only
requiring reconstruction
at the junction of the hard
and soft palate

1. Radial forearm flap

Class 2
Summary of defect

Ideal reconstructive 1. Fibula flap

option in order of 2.ALT 2. lliac crest 10
preference 3. Scapula
4. Radial

Low maxillectomy not
involving the orbit

Class 3
High maxillectomy involving
the orbital adnexae

Class 4
Radical maxillectomy with
orbital exenteration

1. lliac crest IO

2. Rectus,
Latissimusdorsi,
ALT

1. lliac crest 10
2. Scapula

10 - Internal oblique, ALT - Anterolateral thigh flap

Figure 4a: A pre-operative coronal CT scan showing an extensive adenoid
cystic carcinoma involving more than half the dental alveolus and invading the
orbit and nasal bones

Figure 4b: A post-operative occipitomental radiograph showing the iliac crest
filling the defect. The graft has been plated at the zygomatic buttress and the
dental alveolus in the region of the right lateral incisor (arrow). Additonal non-
vascularised bone from the iliac crest has been used to augment the nasal
bones (arrow)
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Figure 4c: Class 2a defect for squamous cell carcinoma reconstructed with a

fibula bone. There is sufficient height of bone to support a dental implant and
support the facial skin. The longer pedicle is an advantage over the iliac crest
for this defect

Figure 4d: The epithelialised muscle provides the most natural oral mucosa
substitute and a full denture can be worn without implant support (9;23)
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Class 4b-c

If this defect crosses the midline or involves the nasal
bones then an iliac crest with internal oblique is the only
flap that can provide sufficient bone to support the facial
and nasal skin as well as providing a choice for dental
rehabilitation [Figure 4]. There is an option of using
cranial bone or non-vascularised iliac crest covered with
a vascularised soft tissue myocutaneous flap but the use
of these is likely to result in loss of the bone graft and
inevitable facial collapse. The patient in Figure 4 also
demonstrates the advantage of using muscle to obturate
the exenterated orbit. In this situation it is possible to
maintain the eyelids, which are sutured together using
the internal oblique muscle to support this suture line and
prevent dehiscence. The contraction of the muscle allows
the orbital space to reform providing the ideal cavity for
the provision of an implant-retained orbital prosthesis.
Although in this patient there are no completion
photographs | have included the case because it shows
the provision of a bony base for both oral and orbital
rehabilitation following a Class 4b defect with partial loss
of the nasal bones. Completed cases have been previously
published.?19

CONCLUSIONS

As the level of evidence in the literature is provided by
retrospective case series any article on the best methods
for mid-face reconstruction must be opinion-based. The
main tissue loss in the maxillectomy defect without
the loss of facial or nasal skin is bone, which we can
reconstruct in terms of from and true function. Any
algorithm must therefore be based on the restoration
of the bony skeleton as the most important part of the
proposed reconstruction. Although the lower level Class
2 defect can be restored by bone from the fibula and
scapula donor site, the iliac crest must be the first choice
for defects requiring restoration of bone to support the
orbit and facial skin and provide a basis for successful
dental and orbital rehabilitation [Table 5].
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