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R
estoration of form and function after composite oro mandibular resections, especially those of the

symphysis, is one of the greatest challenges facing the reconstructive surgeon. Loss of the anterior

mandibular arch results in serious impairment of oral competence, speech, deglutition, and mastication

producing th~ striking cosmetic disfigurement characterized by the "Andy Gump" caricature of the 1930s

(Fig. l)Y The pathomechanics of this deformity are due to anterior and medial deviation of the lateral

mandibular segments by the residual mylohyoid muscles and superior displacement by the medial pterygoid,

masseter, and temporalis muscles. In comparison, these deforming forces are relatively absent following

lateral mandibulectomy. Prevention of the "Andy Gump" deformity and its sequelae is paramount and often

mandates composite replacement of bone, skin and mucosa. Additionally, through-and-through lateral or

posterior defects requiring trilaminar replacement of skin, bone and mucosa or long bone gaps crossing the

midline with massive soft tissue losses pose formidable reconstructive challenges.

With the advent of microvascular free
tissue transfer, the feasibility of reliable,
one-stage, complex oromandibular recon-
struction is now reality. Currently, several
free flaps enjoy popularity in mandibular
reconstruction including the radial fore-

arm, iliac crest, scapula, and fibula.
Additional options include the combina-
tion of a reconstruction plate with free
vascularized soft tissue or muscle and se-
quential free flaps combining the best in-
dividual flaps for bone and soft tissue

components, such as the fibula for bone
and the radial forearm for soft tissue.
Each of these options possesses relative
advantages and disadvantages (Table 1).
None of these flaps is universally applica-
ble to all mandibulectomy defects.

338



TABLE 1

Free Flap Options

Radial Forearm

Advantages Disadvantages

* Up to 14 cm straight unicortical bone
* Multiple osteotomies
* Thin, pliable, abundant, relatively hairless skin
* Excellent intraoral lining
* Three-dimensional orientation of tissue components
* "Sensational" -reinnervation possible

Iliac Crest

Advantages

* Donor radius fracture
* Skin graft loss with tendon exposure
* Prolonged extremity immobilization
* Osseointegration not possible

Disadvantages

* Up to 14 cm thick corticocancellous bone
* Best bone stock for osseointegration
* Natural bone curvature
* Least three-dimensional flexibility
* Delayed ambulation
* Contour deformity at donor site

Scapula

Advantages

* Extremely bulky soft tissue
* Poor intraoral, chin and

submental contour

Disadvantages

* Bulky soft tissue
* Two-team approach not possible

* Up to 14 cm straight corticocancellous bone
* Independently vascularized bone and skin paddle(s)
* Excellent three-dimensional flexibility
* Good external skin coverage
* Osseointegration possible
* Minimal donor site morbidity

Fibula

Advantages Disadvantages

* Up to 25 cm straight bicortical bone
* Multiple osteotomies
* Osseointegration possible
* Minimal donor site morbidity

* Unreliability of skin paddle
(no longer a problem)

* Limited amount of skin available
* Delayed ambulation

Advantages

Reconstruction Plate and Vascularized Soft Tissue or Muscle

Disadvantages

* No donor bone morbidity
* Easy to contour
* Reduced operative time
* Condylar replacement
* Reconstruction of extensive bony defects in

elderly and infirm

* Plate loosening, fracture or extrusion
* No bone stock for osseointegration

Advantages

Sequential Free Flaps

Disadvantages

* Combines the best qualities of bone and
soft tissue of individual flaps

* Prolongs operative time
* Adds complexity to case
* Increases donor morbidity

However, the objective is to select the
best flap for a particular oromandibular
reconstruction rather than using one flap
to accomplish all reconstructions.

Choosing the particular flap to be used
in a patient must be individualized and

depends upon numerous factors. These
include the experience and personal pref-
erence of the surgeon, extent of the de-
fect with respect to bone and soft tissue
requirements, need for intraoral lining
and! or external skin coverage, three-di-
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mensional orientation of the various tissue
components, candidacy for osseointegra-
tion, prognosis, considerations for donor
site morbidity, and overall medical condi-
tion of the patient. This can often be an
extremely difficult decision-making
process even for the experienced micro-
surgeon.

HISTORICAL PERSPECTIVE

Over the years, various techniques for
mandibular reconstruction have evolved
with poor or, at best, unpredictable re-
sults largely due to the variability of the
recipient bed. These procedures have in-
cluded the use of free bone grafts; allo-
plastic materials such as metallic implants
and metal or Dacron trays packed with
cancellous bone; freeze-dried, autoclaved
or irradiated bone allografts; and pedicled
flaps. These conventional methods of
mandibular reconstruction encountered
limited success. when employed in trau-
matized, irradiated, or avascular recipient
beds. Furthermore, these reconstructions
often required multiple-staged proce-
dures and long hospitalizations with the
patients often succumbing prior to com-
pletion of the reconstruction.

INDICATIONS

With the introduction of microsurgical
free flaps to the armamentarium of the
plastic surgeon, the indications for oro-
mandibular reconstruction have been lib-
eralized. Patients previously deemed unre-
sectable because an extensive defect was
anticipated are now in the operable cate-
gory. Complex soft tissue and bony defects
can now be corrected with a single opera-
tion at the time of the initial resection with
excellent success rates. Microsurgical free
flaps, by facilitating one-stage reconstruc-
tion, can tremendously improve the qual-
ity of life and should be considered even in
patients with very limited life expectancies
as long as they can medically tolerate the
operation.

TIMING

The ability to reliably transfer well-
vascularized composite tissue at the time
of resection has revolutionized head and
neck surgery. l Currently, immediate re-
construction is the preferred approach to
mandibular reconstruction. Primary re-
.construction can be performed in the face
of extensive soft tissue loss, oral contami-
nation, dense scarring, and preoperative
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irradiation. This avoids the permanent
aesthetic and functional problems associ-
ated with soft tissue scarring, fibrosis and
contracture that can never be fully cor-
rected with a delayed procedure. Primary
wound closure, early oral rehabilitation,
and immediate restoration of body image
are the benefits of this advance.

INTRAOPERATIVE CONSIDERATIONS

Mandibular reconstructions are
lengthy procedures. Whenever possible, a
two-team approach should be taken.
Simultaneous tumor ablation and flap har-
vest can significantly reduce operative
time. Once composite tissue require-
ments are established, flap harvest can
begin. If necessary, an excess of tissue
should be harvested. Flap ischemia time
can be minimized by performing the os-
teotomies and shaping the bone segments
prior to transfer to the neck. The speci-
men is taken to a back table and used as a
template to fashion the mandibular arch.
The neck vessels should also be isolated
and prepared for anastomosis prior to flap
transfer. The use of vein grafts and multi-
ple flaps should be avoided whenever pos-
sible by careful selection of the donor site
and recipient vessels since they increase
the incidence of complications.

FREE FLAP SELECTION

Microvascular free tissue transfer has
revolutionized mandibular reconstruction.
Skin, soft tissue, and bone can be trans-
ferred to hostile recipient beds that are
heavily contaminated by oral secretions,
densely scarred, or irradiated with excel-
lent functional and aesthetic outcomes. The
ideal flap should incorporate a bony com-
ponent that is well-vascularized, is easily
shaped by osteotomies without vascular
compromise, is of sufficient length, width,
and height to conform to all defects, has a
contour similar to the mandible, has mini-
mal donor site morbidity, and can be har-
vested by a two-team approach. The soft
tissue should be well-vascularized, capable
of providing both intraoral lining and ex-
ternal skin coverage, thin, pliable, hairless,
abundant, capable of being reinnervated,
have minimal morbidity, and can be har-
vested by a two-team approach. Currently,
no single free flap can meet all of these
qualifications. We have developed an algo-
rithm that can be useful in choosing the
most appropriate flap for a specific clinical
situation depending on bone and soft tissue
requirements (Figs. 2,3).

Figure 1. Clinical example of "Andy Gump" deformity.

Figure 2. Algorithm for mandibular reconstruction: Bone component.

Figure 3. Algorithm for mandibular reconstruction: Soft tissue component.
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Figure 4a. 32·year·old woman after shotgun blast
to the face with loss of the anterior mandible, floor
of mouth, chin soft tissue, and 80 percent of the
lower lip.

Figure 4b. Several conservative debridements
have been perfonned and the patient is ready for
definitive reconstruction. A Webster modification
lip repair is designed.

Figure 4d. A neurosensory osteocutaneous radial foreann flap is designed. A segment of radius and
"split" skin paddles are incorporated for reconstruction of the anterior mandible, floor of mouth and
chin soft tissue.

Figure 4e. Flap inset. The radius is fixed to the na-
tive mandible by interosseous wires. The distal skin
paddle is placed at the base of the tongue to recre-
ate the floor of mouth. The proximal skin paddle is
used to reconstruct the chin soft tissue as a single
aesthetic unit. The bridge between the "split" skin
paddles will later be deepithelialized to allow me-
dial advancement of the lower lip remnants.

Figure 4f. Flap inset is completed. The lower lip
remnants are advanced medially over the deep-
ithelialized bridge. The lip, oral mucosa and or-
bicularis oris muscle are approximated.
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Figure 4c. Triangular wedges of skin and subcutaneous
tissue are excised from the nasolabial folds to facilitate
medial advancement of the cheek and lateral lip rem-
nants which are extensively undermined. The neurovas-
cular supply to the orbicularis oris muscle is preserved.

RADIUS

The radial forearm osteocutaneous
flap can provide up to 14 cm of straight
unicortical bone that can be recontoured
by one or two closing wedge osteotomies
since it receives a "segmental" blood sup-
ply from the radial artery to create an an-
terior mandible or hemimandible. The
thin forearm skin conforms extremely
well to the contours of the oral cavity to
re-establish the sulci and prevent tether-
ing of the tongue!·? When needed, it can
be "split" into two separate paddles per-
mitting simultaneous reconstruction of
both intraoral mucosal lining and exter-
nal skin coverage." There is significant
flexibility in the three-dimensional orien-
tation of the bone segments and the ac-
companying skin paddle(s). Donor ves-
sels are consistent in location, provide a
long pedicle (up to 10 em), and are large
caliber vessels (2-3 mm) with dual ve-
nous drainage.

The suitability of the radial forearm
flap for oral lining is unmatched by other
free tissue transfers in its potential for cu-
taneous reinnervation facilitating oral re-
habilitation, including lip competence,
speech, swallowing, and mastication.
Neural coaptation of the greater auricular,
lingual, or mental nerve to the lateral or
medial antebrachial cutaneous nerve is
possible with restoration of sensibility and
two-point discrimination. 9.1

Potential drawbacks include donor ra-
dius fracture, skin graft loss with tendon
exposure, displeasing appearance of the
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Figure 4g. Schematic representation of one-stage
reconstruction od anterior mandible, floor of
mouth, chin soft tissue and subtotal lower lip. The
composite flap is revascularized by anastomosis
of the radial artery and one of the venae comi-
tantes to the facial vessels. The flap is reinner-
vated by coaptation of the lateral antebrachial cu-
taneous nerve to an anterior twig of the greater
auricular nerve.

skin grafted donor forearm, and inade-
quate bone stock for osseointegration.":"
Reasons for donor radius fracture include:
(1) harvesting an excessive thickness of
bone, (2) perpendicular osteotomies with
cross-cutting or weakening of the radius,
(3) lack of or short period of postoperative
immobilization, and (4) failure to prevent
pronation and supination by an above-
elbow cast. Removal of a unicortical seg-
ment of distal radius results in significant
weakening of the donor bone, however, by
employing a keel-shaped modification of
the radial forearm osteocutaneous flap,
donor radius fracture can be prevented. 7

The radial forearm cannot provide suf-
ficient bone stock for placement of os-
seointegrated dental implants and should
not be employed in patients where dental
rehabilitation is a consideration. Use of the
thin radial forearm skin, however, can
allow restoration of the normal sulci and
provide a satisfactory buttress for denture-
fitting. This flap is best indicated for short
lateral mandibulectomy defects with ex-
tensive intraoral lining or external skin re-
quirements. It can also serve well for ante-
rior mandibular and hemimandibulectomy
defects in which osseointegration is not
considered (Fig. 4).

ILIAC CREST

The iliac crest osteocutaneous flap
has been promulgated by Tavlor":" and
others 16·" for mandibular reconstruc-
tion where considerable bone and soft
tissue replacement is required. Based

Figure 4h. Preoperative and postoperative photographs. At 14 months, the patient has a satisfactory ap-
pearance, intelligible speech, excellent sensory recovery, good aperture and excursion, and no problems
with drooling or mastication.

on the deep circumflex iliac vessels,
the iliac crest can provide up to 14 cm.
of curved bone. Its unique shape re-
sembles a hemimandible. The iliac crest
also offers excellent bone stock for the
placement of osseointegrated dental
implants. However, the iliac crest has
significant functional and aesthetic
drawbacks. The soft tissue is often too
bulky for intraoral lining unless a glos-
sectomy has been performed and may
even compromise the airway. When
used for external skin coverage, it is
difficult to create good chin and sub-
mental definition owing to the extreme
bulk of this flap. The nature of its blood
supply mandates close apposition of the
bone and skin paddle with minimal
flexibility in spatial orientation.
Moreover, the flap skin reliability is un-
predictable. Potential donor site prob-
lems include contour deformities espe-
cially when a large segment of bone is
harvested, abdominal wall weakness or
even herniation, injury to the lateral
femoral cutaneous nerve, delayed an;-
bulation and gait disturbances.
Modifications of this flap have been de-
scribed including the use of the internal
oblique muscle and skin graft for intra-
oral lining and split inner cortex bone
harvest. 20." This flap is best indicated in
cases where osseointegration is planned
or only bone reconstruction required.

SCAPULA

The scapula flap, based on the circum-
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flex scapular vessels, can provide up to 14
cm. of straight lateral scapular bone with
separate skin paddles for intraoral lining
and external skin coverage. This free flap
provides the greatest three-dimensional
flexibility of the flap options with respect
to orientation of independently vascular-
ized bone and skin paddle(s). However, the
skin paddles can be quite bulky limiting
their usefulness. The bone stock is not as
substantial as the iliac crest but is suitable
for osseointegration. Osteotomies can
devascularize the bone segments. The
major drawback is that a two-team ap-
proach is not possible; simultaneous tumor
resection and flap harvest is not possible
and intraoperative repositioning is neces-
sary.This can significantly increase the op-
erative time of these already lengthy pro-
cedures. This flap is best indicated for
extensive combined intraoral and extrao-
ral soft tissue defects.

FIBULA

The fibula can provide by far the largest
amount of bone (up to 25 cm.) for
mandibular reconstruction. The uniformly
shaped bicortical bone can be remodeled
by multiple osteotomies due to its seg-
mental periosteal blood supply.
'Additionally, the bone stock is adequate to
support osseointegrated implants. Early
on, the septocutaneous blood supply ap-
peared to be 'unreliable to support a skin
island and the fibula was considered to be
most useful in "bone-only" reconstructions
or in conjunction with a separate pedicled
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Figure Sa & b. 23-year-old woman with extensive osteogenic sarcoma involving the entire right hemimandible.

Figure Sc. CT scan demonstrates extent of tumor in-
volvement.

Figure Sd. Resected specimen.

Figure Se. Composite oromandibular defect involves the entire right hemi-
mandible including the condyle.

Figure Sf. Template for oromandibular reconstruction.
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Figure Sg. Howmedica reconstruction plate with condyle.

Figure Si. Reconstruction plate with condyle is placed.

or free flap for soft tissue coverage. More
recently, however, several papers testify to
the reliability of the skin paddle.25,26

Drawbacks include the limited amount of
available donor skin, objectionable appear-
ance of the skin grafted donor site, and de-
layed ambulation. The fibula free flap is an
extremely versatile option for oro-
mandibular reconstruction especially in
cases of extensive bony defects in which
osseointegration is considered. It is also
well-suited for short-segment "bone-only"
defects, hemimandible defects with adja-
cent lateral floor of mouth or buccal mu-
cosa loss, and symphyseal defects requir-
ing both floor of mouth replacement and
external skin coverage.

METATARSAL

Duncan proposed the use of the
metatarsal osteocutaneous flap for ante-
rior mandibular reconstruction in the ra-
diated patient. The second metatarsal os-
teocutaneous flap is only suitable for small
defects, i.e., less than 7 cm. The skin terri-

Figure Sh. Rectus myocutaneous free flap is harvested.

Figure Sj. Rectus myocutaneous free flap is inset.

tory reliably supplied by this flap is only
approximately 6xlO cm. Additional disad-
vantages of the metatarsal flap are the dif-
ficulty of dissection and management of
the donor site. The anatomy of the first
dorsal metatarsal artery is variable and dis-
section of this artery can be extremely te-
dious as it penetrates the interosseous
muscle. The donor site has been problem-
atic with significant cosmetic deformity
due to skin graft loss. All factors consid-
ered, the metatarsal osteocutaneous may
only be indicated for small symphyseal de-
fects requiting a small segment of bone
and a solitary skin paddle.

RECONSTRUCTION PLATE WITH SOFT TISSUE
DR MUSCLE FREE FLAPS

The combination of a reconstruction
plate with vascularized soft tissue or mus-
cle has proven extremely useful in cases
involving the mandibular condyle and for
extensive defects in elderly and infirm
patients, thus reducing operative time
and minimizing donor site morbidity. "·32
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The major drawback of this technique is
that the absence of bone stock makes fu-
ture dental osseointegration impossible.
Other potential complications include
plate loosening, fracture, or extrusion.
While the role of this method of recon-
struction for the mandibular symphysis
has recently been questioned;" our expe-
rience with the AO plating system has
been favorable (Fig. 5).

SEQUENTIAL FREE FLAPS

Sequential free flaps should be reserved
for extensive bony and soft tissue defects
that cannot be satisfactorily reconstructed
by a single free flap.This method combines
the best qualities of bone and soft tissue of
the individual flaps as well as the concomi-
tant morbidities. However, it is technically
more demanding than more traditional ap-
proaches. While this method can be func-
tionally and aesthetically superior to that
of a single free flap, its specific role in mi-
crovascular mandibular reconstruction has
yet to be elucidated.
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Figure Sk & I. Postoperative appearance at 18 months. The patient has a satisfactory appearance, intelligible speech, and excellent aperture and
excursion.

Figure Sm. Radiograph of reconstruction plate
and condyle.

DENTAL REHABILITATION BY
OSSEOINTEGRATION

One of the key considerations in flap
selection for bony mandibular reconstruc-
tion is the suitability of the bone stock for
osseointegration .":" Osseointegration of
vascularized bone is the ideal rehabilitative
end-goal in mandibular reconstruction
maximizing functional and aesthetic re-
sults. Living bone provides an excellent
bed for osseointegrated dental implants. In
cases where donor bone may not be suit-
able for osseointegration, such as the ra-
dius, the adjacent native mandible may oc-
casionally be successfully osseointegrated.
Unfortunately, many patients with ad-
vanced intraoral malignancies are poor
candidates for this procedure for several
reasons. It is difficult to justify osseointe-
gration which requires several stages over
six to nine months in patients with very
poor prognoses (approximately 50% of
these patients will be dead within 1.5 to 2
years). Many of these patients were eden-
tulous or had poor dentition prior to
tumor ablation. Furthermore, there is sig-
nificant cost associated with this proce-
dure which may not be covered by the in-

surance companies. Lastly, the fate of os-
seointegrated dental implants in the face
of postoperative radiation is uncertain at
this time. Despite all discussion about the
meritorious role of osseointegration in
mandibular reconstruction, very few
mandibular reconstructions have actually
undergone this novel approach.

CONCLUSIONS

Microsurgical free flaps have revolu-
tionized oromandibular reconstruction.
Restoration of form and function can be
accomplished with various types of free
flaps, each with its unique advantages and
disadvantages. Primary complex mandibu-
lar reconstructions such as those involving
the anterior mandibular arch, trilaminar
lateral or posterior defects, and long bone
gaps crossing the midline with massive soft
tissue losses are now possible with excel-
lent success rates and tremendous im-
provement in the quality of life. E:iII
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