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Revisional Operations Improve Results of
Neurovascular Free Muscle Transfer for
Treatment of Facial Paralysis

Akihiko Takushima, M.D., Kiyonori Harii, M.D., Hirotaka Asato, M.D., and Akira Momosawa, M.D.

Tokyo, Japan

Background: Neurovascular free muscle
transfer is currently the mainstay for smile
reconstruction. However, problems such as

excessive muscle bulk and dislocation of

the transferred muscle attachment have
been described. Furthermore, dynamic
movements of the transferred muscle are
sometimes too strong or too weak, resulting
in facial asymmetry. In these cases, second-
ary revisional operations for the trans-
ferred muscle are required after neurovas-
cular free muscle transfer. This report
describes revisional operative procedures
in detail and examines the extent of im-
provement of the smile by comparing pre-
operalive and postoperative results.

Methods: Of 468 patients in whom neuro-
vascular free muscle transfer was per-

formed between 1977 and 2000, a total of

183 received revisional operations for the
transferred muscle. Operations included
revision of muscle attachment in 129 pa-
tients, debulking of the cheek in 114 pa-
tients, and fascia graft in 21 patients.

Results: Evaluation with the grading scale
was performed in 117 of the 183 patients.
Grading improved in 59 patients and wors-
ened in seven patients. The remaining 51
patients displayed no change in grading.
Differences between preoperative and post-
operative grading were compared statisti-

cally, and revisional operations improved the
grading score.

Conclusions: Revisional operations are ef-
fectve and important as secondary opera-
tions after neurovascular free muscle trans-
fer. However, care must be taken not to
damage the neurovascular pedicles.  (Plast.
Reconstr. Surg. 116: 371, 2005.)

The goal of facial reconstruction in long-
standing facial paralysis is to achieve symmetry
at rest, during voluntary motion, and during
expression of emotion. Although all areas of
the face, eyebrows, eyelids, mouth, and cheeks
may require attention, one of the most impor-
tant functions is the ability to smile voluntarily
and thus facilitate emotional communication.!
Numerous reconstructive procedures, includ-
ing nerve transfer? and local muscle transfer,?
have been developed to achieve a natural-
looking smile. Neurovascular free muscle
transfer is now the mainstay for smile recon-
struction.*® Since the introduction of neuro-
vascular free muscle transfer by Harii et al.,b
problems such as excessive muscle bulk and
dislocation of muscle attachment have been
described. To solve the problem of excessive
muscle bulk, Manktelow and Zuker’ refined
use of the gracilis muscle by identifying inde-
pendent neuromuscular units within the graci-
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lis. Dellon and Mackinnon®? also used a small,
segmentally innervated portion of the latissi-
mus dorsi muscle.

Fixation of transferred muscle on both the
nasolabial and malar sides also represents an
important factor for acquiring maximui ex-
cursion. Asato et al.'? used a disposable stapler
to create a stable muscle end for accurate mus-
cle fixation in the nasolabial fold line. Bartlett!
reported that superior fixation was achieved
using zygomatic arch periosteum and the su-
perficial layer of deep temporal fascia. With
such technical refinements, smiles acquired us-
ing neurovascular free muscle have improved.
However, some cases still show unnatural smil-
ing because of dislocation of muscle attach-
ment (particularly in the nasolabial fold) or
excessive bulk of the cheek resulting from the
volume of transferred muscle. Furthermore,
dynamic movement of transferred muscle is
sometimes oo strong or too weak, resulting in
facial asymmetry.

In these cases, secondary revisional opera-
tions are required after neurovascular free
muscle transfer. However, no reports have yet
described revisional operations in detail, with
only brief notions by Terzis and Noah,* in
which revision and debulking of free muscle
were performed in 26 percent of patients, and
O’Brien et al.,'? in which release, debulking,
and reinsertion of muscle were performed as
secondary procedures. The present report de-
scribes revisional operative procedures in de-
tail and analyzes the extent of improvement to
the smile by comparing preoperative and post-
operative resulls.

PATIENTS AND METHODS

Patient Profiles

Between 1977 and 2000, neurovascular free
muscle transfer was performed in 468 patients
with longstanding facial paralysis. Of these, 183
patients (39.1 percent) have received revi-
sional operations (0 the transferred muscle,
with one revisional operation in 1238 patients,
two in 39 patients, three in 10 patients, and
four in six patients. Operations included revi-
sion of attachment, debulking of cheek, and
fascia gralt (Table I). Revision of muscle at-
tachment was performed from either a nasola-
bial fold incision (n = 92) or a preauricular
incision (n = 37). Debulking of cheek protru-
sion was performed by debulking transferred
muscle with subcutaneous fat tissue from a
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TABLE 1
Revisional Operations

Type of Operation No. of Paticins

Revision of attachment

Nasolabial fold incision 92

Preauricular incision 37
Debulking of the cheek

Muscle debulking 100

Liposuction 14
Fascia transfer 21

preauricular or nasolabial incision (n = 100)
or by liposuction of buccal subcutancous fat
(n = 14). Fascia graft was performed for muscle
elongation or lower lip suspension (n = 21).

Fuvaluation

The grading scales® shown in Table II are
used to evaluate the results of neurovascular
free muscle transfer. These were applied to
revisional operations by comparing results be-
fore and after revisional operations in 117 pa-
tients. When several revisional operations were
performed, results were evaluated after all re-
visional operations. Grading scores were statis-
tically compared between those obtained pre-
operatively and postoperatively using the
McNemar test.

TABLE 11

Evaluation Criteria

Grade Description

5 Symmetric balance and good facial tone ar rest
Sufficient muscle power upon voluntary contraction
Synchronous and natural expression upon
emotional facial movements, especially upon
smiling

EMG demonstrating relatively high amplitudes with
full interference patterns and high evoked
potential obtained upon stimulation of the
contralateral facial nerve
4 Symmetric balance and good facial tone at rest
Active muscle contraction acquired but not
sufficiently synchronous (too strong or slightly
weak)

EMG demonstrating good interference patterns and
evoked potentials

Results well accepted by the patients

3 Symmietric balance and good facial tone at rest
Insufficient contraction of the muscle
Low volitional EMG spikes with discrete

interference patterns

2 Reduced symmetric balance upon smiling
No effective contraction of the muscle
EMG with no interference patterns

1 No correction
Electrically silent EMG

0 No follow-up
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Operative Procedures

Revision of atlachment (nasolabial end). When
neurovascular muscle is transferred to the
cheek pocket, the proximal muscle end is fixed
to the lateral aspect of the atrophied orbicularis
oris muscle to create symmetrical nasolabial
folds on smiling. However, asymmetry some-
times occurs, typically because of dislocation of
muscle attachment to the superolateral side.
Under such conditions, muscle attachment on
the nasolabial fold is revised.

A skin incision is made on the nasolabial fold
line, taking particular care to avoid damaging
the donor nerve where it crosses through the
upper lip. Dissection from the skin incision to
the superolateral buccal side enables exposure
of the dislocated end of the transferred mus-
cle. In most cases in which the muscle end is
dislocated, dynamic movement of the trans-
ferred muscle is clinically weak. The muscle
end is then pulled down to the mid lower side
and again fixed to the lateral edge of the or-
bicularis oris muscle. Dermis and epithelium
are sutured layer to layer when the nasolabial
fold on the normal side is not deep. However,
when the nasolabial fold on the normal side is
deep, as is often seen in elderly patients, two
skin strips beside the incision line are deepi-
thelialized by approximately 5 mm on cach
side. Denuded skin on the buccal side is then
turned upside-down and the upper surfaces of
denuded skin on both sides are sutured (Fig.
). With this manipulation, buccal skin just
lateral to the nasolabial line protrudes slightly

cheek skin

transferred
muscle
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anteriorly, facilitating a natural-looking nasola-
bial fold.

Revision of attachment (zygomatic end). In neu-
rovascular free muscle transfer procedures, the
distal muscle end is fixed around the zygomatic
arch. When facial paralysis is complete, part of
the soft tissue on the zygoma is resected, and
transferred muscle is fixed to the periosteum of
the arch for rigid fixation.’®!* However, this
procedure cannot be sufficiently performed in
patients with incomplete paralysis, given the
possibility of damaging residual facial nerve
function. Transferred muscle is. thus fixed to
soft tissue on the zygomatic arch, which tends to
loosen in the direction of the nasolabial fold.
Under such conditions, muscle attachment in
the zygomatic end should be pulled up again.
The zygomatic muscle end is also pulled up
again when muscle power is weak both electro-
myographically and clinically.

The preauricular incision for muscle trans-
fer is therefore reused to expose the zygomatic
muscle end. The upper surface of the muscle is
dissected lateral to the nasolabial fold. If dis-
section is stopped halfway at the middle of the
cheek, dimples or wrinkles on the buccal skin
may become conspicuous. Because the muscle
is placed with neurovascular bundles on the
undersurface, dissection of the upper surface
of the muscle can be performed safely. In two-
stage methods combining free muscle transfer
with crossface nerve grafting, however, nerve
suture between the cross-face nerve and the
motor nerve of the transferred muscle is usu-

lip skin

m. orbicularis oris

FiG. 1. Schema for revision of attachment (nasolabial end). Skin tissue on
both sides of the incision is denuded to approximately 5 mm wide. Denuded skin
on the buccal side is then turned upside-down and the upper surfaces of the
denuded skin on both sides are sutured to create a nasolabial fold.
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ally performed around the preauricular re-
gion. Dissecting the undersurface of the trans-
ferred muscle in this region to shorten the
muscle is then difficult and risky. Conversely,
when one-stage methods using the latissimus
dorsi muscle® are used, dissection of the mus-
cle undersurface can be safely performed half-
way to nasolabial fixation, because the neuro-
vascular hilus is around the nasolabial region.
Dissected muscle is then pulled superolaterally
and again sutured to firm tissue over the
Zygoma.

Debulking the cheek. Because the paralyzed
cheek is depressed as a result of facial muscle
atrophy, symmetry in both cheeks is usually
achieved after neurovascular muscle transfer.
However, excessive muscle bulk is sometimes
evident, requiring debulking of muscle volume.
When bulkiness is severe, the upper surface of
the transferred muscle is dissected from a
preauricular incision, a nasolabial incision, or
both. Transferred muscle and some of the sub-
cutaneous fatty tissue above the muscle are then
resected to leave a suitable volume. As noted
above, the necurovascular bundles are on the
undersurface of the muscle, so debulking of the
upper surface can be safely performed.

When excess bulk in the cheek is not severe,
liposuction of subcutaneous fat tissue without
muscle debulking is usually sufficient to obtain
symmetry of cheek contour. The suction can-
nula is inserted from the scar of the preauric-
ular incision for liposuction on the zygomatic
half of the transferred muscle. For liposuction
on the nasolabial half of the muscle, a small
wound is applied on the nasolabial fold line or
beneath the chin.

Fascia graft. When asymmetry in the lower
lip is evident, fascia grafting proves effective.
After a skin incision is made on the nasolabial
fold line, the nasolabial end of the muscle is
dissected without damaging the neurovascular
pedicles. A fascia strip 1 to 2 c¢m in width is
harvested from the lateral thigh. This is then
passed through the lower lip and fixed to the
orbicularis oris muscle at the center of the lower
lip, and the other end of the fascia is fixed to the
nasolabial end of the muscle so that the lower
lip is elevated with contraction of the trans-
ferred muscle (Fig. 2).

Fascia grafting is again effective when con-
traction of the transferred muscle is too strong
and tight. After making a skin incision on the
nasolabial fold line, a fascia strip is interposed
between the lateral edge of the orbicularis oris

PLASTIC AND RECONSTRUCTIVE SURGERY, August 2005

Fi6. 2. Fascia is grafted when asymmetry in the lower lip
is evident. A fascia (f) is passed through the lower lip and
fixed to the orbicularis oris muscle at the center of the lower
lip, whereas the other end of the fascia is fixed to the naso-
labial end of the muscle so that the lower lip is elevated with
contraction of the transferred muscle.

muscle and the transferred muscle, effectively
clongating the muscle and reducing its con-
tractile power.

RESULTS

Comparisons between preoperative and
postoperative results on the 117 patients who
could be followed-up for at least 1 year are
shown in Table 1II. Grade was improved in 59
patients, unchanged in 51 patients, and wors-
ened in seven patients. The two patients with a
preoperative grade of 2 were unchanged post-
operatively. Of the 22 patients with a preoper-
ative grade of 3, improvement to grade 4 was
observed in 15 (68 percent), but seven patients
(32 percent) were unchanged. Of the 66 pa-
tients with a preoperative grade of 4, improve-

TABLE 111
Change of the Grading Scale before and after Revisional
Operations
Scale of No. of Patenis
Pre-Operation Seale of
{No. of Paticnts) Post-Operation Worsened Unchanged huproved
Grade 2 (2) Grade 2 2
Grade 3 (22) Grade 3 7
Grade 4 15
Grade 4 (66) Grade 2 2
Grade 3 4
Grade 4 16
Grade b 44
Grade 5 (27) Grade 4 1
Grade 5 26
Total 117 7 51 59

MeNemar test revealed that the revisional operations improved the grading
scores (p < 0.01).
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ment to grade 5 was seen in 44 patients (67
percent), whereas 16 patients (24 percent)
were unchanged, four patients (6 percent)
worsened to grade 3, and two patients (3 per-
cent) worsened to grade 2. In these two pa-
tients with worsening to grade 2, nerves inner-
vating the transferred muscle appear to have
been damaged during revisional operations.
Twenty-seven patients who had already scored
5 (at the top end of the scale) underwent
revisional operations for further improvement.
Of the 27 patients with a preoperative grade b,
one patient worsened to grade 4 (4 percent)
postoperatively, whereas 26 patients (96 per-
cent) were unchanged. Statistical analysis using
the McNemar test revealed that the revisional
operations improved the grading scores (Mc-
Nemar test, p < 0.01).

CASE REPORTS

Case 1

A 44-year-old man presented with irreversible Bell’s palsy
on the right side that had begun approximately 5 years ear-
lier. A one-stage method using latissimus dorsi muscle was
performed for smile reconstruction, with gold plate lid-load-
ing in the paralyzed upper eyelid as an ancillary procedure.
Thoracodorsal vessels were anastomosed to the right facial
vessels and the thoracodorsal nerve was passed through the
upper lid and sutured to the contralateral branch of the facial
nerve. Two years postoperatively, clinical muscle movement
on smiling was noticed but was considered insufficient, show-
ing a grade of 4, although electromyography revealed high-
amplitude action potentials with good interference patterns.
Because excessive muscle bulk was also evident, a revisional
operation was planned. The nasolabial fold line was incised
and the thoracodorsal nerve exposed to avoid accidental
damage. The dislocated nasolabial muscle end was then ex-
posed, and dissection on the transferred muscle was under-
taken on the superolateral side without damaging the vascu-
lar pedicles. Redundant muscle with overlying buccal
subcutancous fat was debulked to improve symmetry of cheek
contour on the contralateral side. Skin strips approximately
5 mm in width on both labial and buccal sides were deepi-
thelialized to create denuded flaps, and dermis of the buccal
flap was turned over the dermis of the labial side to create the
nasolabial fold. Three years after the revisional operation,
near-natural movements on smiling were obtained and cheek
contour was symmetrical. Grading had improved from 4 to 5

(Fig. 3).

Case 2

A 45-year-old man experienced complete facial paralysis
on the right side resulting from longstanding Bell's palsy
starting 9 years earlier. In the first operation, a cross-face
nerve graft using a sural nerve segment was placed through
the upper lip with gold plate lid-loading, which was resected
because of exposure 4 months later. At 10 months after cross-
face nerve grafi, neurovascular free gracilis muscle was trans-
ferred, with concomitant transfer of temporal muscle to the
eyelids for eye closure and juxta-brow skin excision for brow
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lift. By 2 years postoperatively, muscle movement on smiling
was good. However, asymmetry of the cheek caused by ex-
cessive bulk of the transferred muscle was evident with a grade
of 4. In the revisional operation, vascular pedicles of the
gracilis muscle that were anastomosed to the superficial tem-
poral vessels were first dissected from the preauricular inci-
sion. The upper surface of the transferred muscle was then
dissected, followed by reduction of muscle bulk. Protrusion
of the transferred muscle during smiling was marked before
the revisional operation but had disappeared by 3 years after the
revisional operation, with improvement to grade 5 (Fig. 4).

Case 3

A 45-year-old woman presented with a 2-year history of
complete irreversible Bell’s palsy on the rightside. Latissimus
dorsi muscle was transferred for smile reconstruction and the
ptotic eyebrow was lifted using an endoscope. Transferred
muscle contraction was first recognized 6 months after neu-
rovascular free muscle transfer. At 2 years postoperatively, the
reconstructed cheek was bulky because of transferred muscle
volume, although muscle contraction was good and the grade
was 5. Because bulkiness of the cheek was slight, liposuction
was scheduled for cheek reduction. Liposuction was per-
formed through two small stab incisions placed on the preau-
ricula and nasolabial fold line. One year after revisional op-
eration, cheek contours on both sides were symmetrical
without worsened movement of transferred muscle. The
grade remained at 5 (Fig. 5).

Case 4

A b3year-old man presented with facial palsy caused by
Bell’s palsy on the leftside that had started 3 years previously.
Latissimus clorsi muscle was transferred with juxta-brow skin
excision for brow lift and temporal muscle transfer to the
eyelids for eye closure. As of 1 year postoperatively, muscle
movement was recognized. However, contractile power was
insufficient, particularly in the lower lip, and the grade was
4. Fascia transfer was therefore planned for lower lip eleva-
tion. In the revisional operation, the nasolabial fold line was
first incised and the fascia was transferred through a tunnel
created in the lower lip. Both ends were fixed to the orbic-
ularis oris muscie near the center of the lower lip and the edge
of the transferred muscle. Finally, the nasolabial fold was
created as indicated in Figure 1. By 1 year after fascia transfer,
facial coritours had improved and a grade of 5 was achieved

(Fig. 6).

Discussion

Since neurovascular free muscle transfer was
developed as a new operative procedure for
facial reanimation,® one key concern has been
which muscle should be selected as a donor to
achieve a naturallooking smile with sufficient
excursion of transferred muscle. For this pur-
pose, many types of muscles have been se-
lected, including gracilis,® pectoralis minor,'®
abductor hallucis,'® rectus abdominis,'” and la-
tissimus dorsi.? In addition to seeking a novel
muscle, refinements of operative procedure
have been also developed.13 To avoid cheek
bulkiness caused by volume of the transferred
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FIG. 3. A 44-year-old man with irreversible Bell’s palsy on the right side. {Above, left) Preoperative appearance on smiling.
(Aboue, center) Two years after latissimus dorsi transfer. Dislocation of the nasolabial e¢nd of the wansferred muscle and cheek
bulk because of muscle volume are evident. {Above, right) The dislocated nasolabial end was reattached to create a new nasolabial
fold and redundant muscle volume was debulked. (Below) Appearance 3 years after revisional operation. The grade has improved

from 4 Lo b.

muscle, segmental use of the gracilis’ and latis-
simus dorsi? muscles has been proposed. The
reason why muscle bulkiness represents a prob-
lem is that estimating how much transferred
muscle will prove atrophic is very difficult. Ac-
cording to Guelinckx et al.,'® a major portion
of decreases in muscle mass and impairments
in force arise from tenotomy and repair. How-
ever, muscle atrophy caused by denervation
should also be considered.! According to Irey,
approximately double the muscle volume nec-
essary to be replaced has to be planned,”

based on experimental results.®’ Because Frey
used the two-stage method combining the free
muscle transfer with cross-face nerve grafting,
this rough formula is not applicable to all op-
erative methods like the one-stage method.
This is because the extent of muscle atrophy
depends on the period of denervation, the
number of nerve sutures, and the speed of
axon recovery. Determining the amount of
muscle to be transferred to obtain symmetry of
facial contour with the desired dynamic results
thus remains very difficult. Consequently, mus-
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FIG. 4. A 45-year-old man with established facial paralysis on the right side caused by
Bell’s palsy. (Above, left) Preoperative appearance on smiling. (Above, right) Appearance 2
years after gracilis muscle transfer, which was performed 10 months after cross-face nerve
graft. (Below) Appearance 3 years after a revisional operation. Grading has improved from
4.t0 5. :

cle debulking for cheek contour is required in
marny cases.

Besides volume of the transferred muscle,
tension of transferred muscle has not yet been
well delineated. Some surgeons suggest fixing
the muscle under original muscle resting ten-
sion,'? whereas others suggest fixing the mus-
cle under sufficient tension to keep the angles

of the mouth either symmetrical in the opera-
tive paralyzed state or slightly overcorrected
for the deformity.' Harii et al. also described
fixing the muscle end, giving proper tension to
the muscle segment.® However, muscle con-
traction after imnervation can be too weak or
strong, resulting in the need for revisional op-
erations. Furthermore, when muscle 1s fixed
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FIG. 5. A 45-year-old woman presented with irreversible Bell’s palsy on the right side. (Left) Preoperative appearance on
smiling. (Cenler) Appearance 2 years postoperatively. Muscle movement was sufficient, showing a grade of 5, with slightasyimmetry
of cheek contour. (Right) Appearance 1 year after liposuction of subcutaneous cheek fat. The grade is unchanged, although cheek

contour is improved.

under relatively strong tension, suture sites
sometimes break and slip out of place because
of the fragility of the muscle end, although a
pull-out suspension suture is placed for resting
tension to the muscle for 2 weeks, and a device
that staples the muscle end to a secure anchor-
ing is used.'” This results in malpositioning of
the newly created nasolabial fold or masking of
muscle contraction as if distance of the trans-
ferred muscle excursion is small. Restoring the
muscle end is then required in revisional
operauons.

Although several situations that require revi-
sional operations have been detected, these
symptoms are not independent of each other,
but are closely related. For example, when the
nasolabial muscle end is dislocated, muscle
weakness is often noticed along with asymme-
try of the nasolabial fold line. Also, when the
zygomatic muscle end is dislocated, both over-
bulking of the check and muscle weakness are
noticed. Revisional operations should there-
fore be selecied depending on the condition of
the individual patient.

In this series, revisional operations were lim-
ited to revision of attachments, debulking of
the cheek, and fascia graft, as these operations
are directly associated with neurovascular free
muscle transfer. However, minor o}’_)eral_ions
other than these are often performed simulta-
neously or separately to neurovascular muscle
transfer. Neurectomy of the mandibular

branch or myectomy of the depressor muscle
of the lower lip on the nonparalyzed side 1s
effective for improving symmetry of the lower
lip on smiling. Lipoinjection to the deformed
cheek is also effective for aesthetic improve-
ment. However, these techniques were not
evaluated in this series, as they are not directly
associated with neurovascular free muscle
transfer.

The effect of revisional operations was eval-
uated using the grading scale that was origi-
nally developed to evaluate smiling results alter
neurovascular free muscle transfer. This scale
is therefore not suitable for evaluating the re-
sults of the revisional operation itself. For ex-
ample, when a revisional operation is per-
formed on patients whose score was already
grade 5 (at the top end of the scale), scoring
improvement cannot be achieved, even though
improvements might be apparent following re-
visional operations. This is because no grade is
higher than grade 5. In our series, 26 of the 27
patients with a preoperative grade of 5 dis-
played no change in score postoperatively.
However, among these 26 patients, clinical im-
provements that could not be elucidated using
our grading scale might be achieved. Neverthe-
less, revisional operations improved the results
in 59 of the 117 patients who could be evalu-
ated preoperatively and postoperatively using
our grading scale, and statistical analysis using
the McNemar test revealed that revisional op-
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F1G. 6. A 53-year-old man presented with facial palsy caused by irreversible Bell’s palsy
on the leftside. (Abowe, lefi) Preoperative appearance on smiling. (Above, right) Appearance
1 year after one-stage smile reconstruction using latissimus dorsi muscle. Contractile power
was insufficient, particularly in the lower lip, with a grade of 4. (Below) Appearance 1 year
after fascia transfer. The grade has improved to 5.

erations improved the grading score. Revi-
sional operations can therefore prove effective
and important as secondary interventions after
neurovascular free muscle transfer.

However, development of transferred mus-
cle function itself after revisional operations
remains suspicious. Do muscle fibers increase
in number and muscle power following stretch-
ing of dislocated muscle in revisional opera-
tions? Muscle length reduction and tenotomy

are well known to impair muscle function .22
As noted before, Guelinckx et al. insist that the
major portion of decreased muscle mass and
impairments in force arise from tenotomy and
repair.'® However, litle is known regarding
muscle force and power after muscle stretch-
ing, although morphologic changes have been
reported in a stretched avian model. 221 Ac-
cording to Alway et al.,* muscle stretch re-
sulted in enlargement of the anterior latissi-
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mus dorsi muscle and an increase in the
number of muscle fibers in adult quails. How-
ever, no studies regarding practical measure-
ments of muscle power and force or changes to
excursion length in stretched muscle models
have been reported. In our series, electromyo-
graphic improvements were not clearly seen in
any patient who displayed improved grade.
The main cause for the improved grade is thus
attributed to more conspicuous movement of
transferred muscle caused by increased muscle
tension following revisional operations.

CONCLUSIONS

Problems after neurovascular free muscle
transfer for treatment ol facial paralysis in-
clude excessive muscle bulk and dislocation of
muscle attachment. Muscle contractions that
are too strong or too weak also represent a
problem. The present study revealed that revi-
sional operations for the already transferred
muscle are effective for achieving symmetrical
facial contours and a near-natural smile.
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Mid-facial reconstruction after maxillectomy
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Abstract Reconstruction following extensive resection
of the maxilla has been a challenging problem in the field
of head and neck cancer surgery. At our institutes,
maxillectomy defects have been restored based on the prin-
ciples of repair involving the important concept of maxillary
buttress reconstruction. Reconstruction of the Zygomatico-
maxillary buttress (ZMB), including the orbital floor, is
essential for prevention of the malpositioning of the
eyeglobe in preservation of the orbital contents. ZMB re-
construction is also important to provide a good contour of
malar prominence. Pterygomaxillary buttress (PMB) recon-
struction provides sufficient support for the fitting of a den-
tal prosthesis. In patients with extensive resection of buccal
soft tissue, a PMB and nasomaxillary buttress (NMB)
should be reconstructed to prevent superior and posterior
deviation of the alar base and oral commissure. We advo-
cate that critical assessment of skeletal defects, as well as
associated soft-tissue defects, following various types of
maxillectomies is essential for a rational approach to
achieve satisfactory clinical results.
Key words Maxillary reconstruction - Vascularized com-
posite autograft - Maxillary buttress

introduction

With the development of vascularized composite autografts
using microsurgical techniques, reconstruction of extensive
maxillary defects has been achieved to a high level of func-
tional and esthetic results.""" In this article, the therapeutic
concept of maxillary buttress reconstruction in mid-facial
reconstruction after oncologic resection of the maxilla, at
the Hokkaido University Hospital, is introduced.

Department of Plastic and Reconstructive Surgery, Graduate School
of Medicine. Hokkaido University, Kita 14 Nishi 7, Kita-ku, Sapporo
060-8638, Japan
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Maxillary buttresses in reconstruction of maxillary
skeletal defects

The important role of buttress reconstruction in the surgical
management of maxillary skeletal defects has been ad-
dressed.’ The midfacial structure consists of three principal
maxillary buttresses, the zygomaticomaxillary (ZMB),
plerygomaxillary (PMB), and nasomaxillary buttresses
(NMB).

The ZMB extends from frontal process of the maxilla
along the inferior ridge of the orbit to the zygomatic process
of the frontal bone and laterally to the zygomalic arch. The
PMB extends from the alveolar ridge anterior to the ptery-
goid plate of the sphenoid bone. The NMB extends from
the anterior maxillary alveolus along the pyriform aperture
to the nasal process of the maxilla (Fig. 1). Restoration of
these buttresses is an important approach to obtain the
most effective reconstruction of complex maxillectomy
skeletal defects.

Three categories of maxillectomy defects

Maxillectomy defects have been classified into three catego-
ries based on the assessment of anatomic sites of resection,

Category 1 includes imited maxillectomy and subtotal
maxillectomy defects (Fig. 2a). In this category, the anterior
and/or medial walls of the lower maxiila, including the
palate, are mainly removed. with preservation of the orbital
inferior ridge and floor. According to the buttress conecept,
the PMB and partial NMB are ablated.

Category 11 includes orbitomaxillectomy and orbitozy-
gomaticomaxillectomy defects (Fig. 2b). In this category,
the anterior and medial walls of the upper maxilla, includ-
ing the orbital contents (orbital exenteration) are mainly
removed, with preservation of the palate. The malar region.
including the zygomatic arch, is occasionally resected in
orbitozygomaticomaxillectomy  defects.  According to
the buttress concept, the ZMB and partial NMB are
ablated.




Category 11 includes total maxillectomy and extended
total maxillectomy defects (Fig. 2¢). In this category, the
maxilla is completely removed without preservation of the
orbital inferior ridge, the floor, or the palate. The orbital
contents (orbital exenteration), malar region, including the
zygomatic arch, and/or facial skin and/or mimetic muscle
are occasionally resected in extended total maxillectomy
defects. According to the buttress concept, the ZMB, PMB,
and NMB are ablated.

Concepts underlying the surgical management of
maxillectomy defects

Reconstruction  of  hoth  skeletal and  sofl-tissue
maxillectomy defects is ideal; however, various factors af-
fect the choice of reconstructive method. The patient’s age,

Fig. 1. Maxillary buttresses in the reconstruction of maxillary skeletal
defects. ZMB, zygomaticomaxillary buttress; PMB, pterygomaxillary
buttress; NMB. nasomaxillary buttress

P
2

Fig. 2a-c, Three categories of maxillectomy defects shown in three-
dimensional computed tomography (CT) scans. a Category | includes
limited maxillectomy and subtotal maxillectomy defects. b Category 11
includes orbitomaxillectomy and orbitozygomaticomaxillectomy de-
fects. ¢ Category HI includes total maxillectomy and extended total
maxillectomy defects

219




220

Fig, 3a-c. Reconstruction of the ZMB with vascularized costal carti-
lage combined with a rectus abdominis myocutaneous flap for a cat-
cgory | maxillary defect. a The rectus abdominis myocutancous free
{lap combined with the eighth and ninth costal cartilage. The vascalar
pedicle of this composite graft is the deep inferior epigastric vascular

system and the eighth and ninth costal cartilages are supplied from the
vascular connection between the eighth intercostal and deep epigastric
vascular systems. b Postoperative frontal view. e Postoperative three-
dimensional CT scan (asterisk, vascularized costal cartilage graft)

Fig, da~c. Reconstruction of two buttresses: the ZMB and PMB, with
a latissimus dorsi myocutaneous flap combined with a V-shaped scapu-
lar bone for a category IT maxillary defect. a The latissimus dorsi
myocutancous flap combined with V-shaped scapular bone. The vascu-

lar pedicle of this composite graft is the thoracodorsal vascular system

associated diseases, degree of advanced carcinoma, and re-
quest for skeletal reconstruction from the surgical oncolo-
gist are important issues to be evaluated preoperatively. In
the surgical restoration of maxiliectomy defects, precise as-

sessment and understanding of the mid-facial defects is the

and the scapula is nourished by the angular branch. b Postoperative
frontal view. ¢ Postoperative three-dimensional CT scan. (asterisk, V-
shaped scapular bone). The ZMB was reconstructed with the medial
border of the scapula, and the PMB with the lateral border

first key point (o approach effective maxillary reconstrue-
tion. The PMB is the main buttress to be reconstructed in
category I maxillary defects. In a patient with extensive
resection of buccal soft tissue, including mimetic muscle and
skin, the NMB should be reconstructed to prevent superior
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Fig. Sa-c. Reconstruction of three buttresses: the ZMB and PMB, and
partial NMB, with the latissimus dorsi myocutaneous free flap, com-
bined with V-shaped scapular bone and rib for a category 111 maxillary
defect. a The latissimus dorsi myocutaneous flap combined with
V-shaped scapular bone and cighth rib. The vascular pedicle of this
composite graft is the thoracodorsal vascular system. The scapula is
nourished by the angular branch, and the eighth rib is supplied from

and posterior deviation of the alar base. The ZMB is the
main buttress to be reconstructed in category 1l maxillary
defects, especially those with extensive resection of the zy-
gomatic process and arch. However, most category 11 de-
fects do not require skeletal reconstruction. In category 11
maxillary defects, the ZMB and PMB are the main but-
tresses to be reconstructed. Reconstruction of all three but-
tresses is considered for patients with category Il maxillary
defects with extensive resection of the zygomatic process
and arch and buccal soft tissue.

Reconstructive procedures using vascularized
composite autografts

Several reconstructive techniques using vascularized com-
posite autografts have been developed for maxillary recon-
struction at our institutes,”™™'

In the reconstruction of the ZMB, vascularized eighth
and ninth costal cartilage, combined with a rectus
abdominis myocutaneous flap, have been applied. The rec-
tus abdominis myocutaneous flap combined with costal car-
tilage is a useful tool for the restoration of one buttress: the
ZMB and a midfacial soft-tissue defect (Fig. 3).

In the reconstruction of the PMB, the lateral border of
the scapula combined with a latissimus dorsi myocutaneous
or scapular flap has been employed. We consider that the
lateral border of the scapula is well tolerated for restoration

the communicating perforators from the latissimas branch of the
thoracodorsal to the eighth intercostal vascular system. b Postoperative
frontal view. ¢ Postoperative three-dimensional CI' scan. (asterisk,
V-shaped scapular bone, PMB reconstructed with the lateral border of
the scapula, and partial NMB reconstructed with the medial border. §.
Vascularized rib grafted for restoration of the ZMB and zygomatic
arch)

of the PMB because it has enovgh volume to provide reli-
able stability for the fitting of a dental prosthesis.

In the reconstruction of two buttresses, the latissimus
dorsi myocutaneous or scapular flap, combined with a
V-shaped scapular bone is a good indication. The medial
border of the scapula is used for the ZMB restoration and
lateral border for the PMB. The central space of the V-
shaped scapular bone also allows for the placement of the
bulk of the transterred flap (Fig. 4).

In the reconstruction of all three buttresses, the latissi-
mus dorsi myocutaneous free flap combined with a V-
shaped scapular bone and rib is a versatile technique 1o
manage such complex skeletal defects (Fig. 5).
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Arterial Blood Flow Changes after Free Tissue
Transfer in Head and Neck Reconstruction

Mitsuru Sekido, M.D., Yuhei Yamamoto, M.D., Ph.D., and Tsuneki Sugihara, M.D., Ph.D.

Supporo. Japuan

‘Background: The "authors . measured
pedicle arterial flow volume output using :
color Doppler ultrasonography in 23 pa-

tients after free tissue transfer in head and
neck reconstruction. T B
Methods: - Transferred flaps  included
six free jejunums, eight free radial forearm
flaps, and four anterolateral thigh flaps.

Flow volume output could be measured on

all patients and was selectively measured in
17 patients with color Doppler ultrasonog-

raphy on days 1,4, 7, 14, 21, and 28 after
surgery. The authors compared output.

change-in different periods. In -addition,

they compared flow volume output on the -

first postoperative day in the different flaps
and in the different recipient arteries and
veins, and the effectiveness of irradiation in

the different patients, = " -

-~ Results:  Three of the 17 patients devel- -

oped venous thrombosis. Flow volume out-

put on the skin flaps increased gradually

from day 1 to 7 after surgery and decreased
‘gradually until day 28 in 14 patientswithout

venous thrombosis. The free jejunum had .

more pedicle arterial blood flow than the
skin flaps and it showed minimal flow vol-
ume output change. There were no signif-
icant differences among different recipient

vessels or different skin flaps, or in the ef-.

fectiveness of irradiation .in the different
‘patients. Three patients who developed ve-

nous thrombosis were salvaged by reanas-

tomoses of the thrombosed vein.-

From the Department of Plastic and Reconstructive Surgery,

December 11, 2008, revised May 21, 2004.

DOI: 10.1097/01.PRS.0000160273.17302.CE.

‘Conclusions:  Beéfore reanastomosis, -
~abnormal arterial waveform, decreasing
flow volume output, and a lack of venous
blood flow were observed in the patients
who developed venous thrombosis. After
- reanastomoses, the output was signifi-
~cantly improved and the flaps survived
completely in all three cases. The authors
conclude that color Doppler ultrasonog-
raphy “is useful for detecting venous
thromboses too. . (Plast. Reconstr. Sierg.
115: 1547, 2005.) a

Free tissue transfer has become a popular
and indispensable procedure in head and neck
reconstruction that offers great advantages in
head and neck reconstruction. Failure, how-
ever, results in disaster. The key to success for
free tissue transfer is to get sufficient blood
inflow and blood drainage in the transferred
tissue. The main reasons for flap failure in-
clude vascular thrombosis, compression, and
wisting. These causes can be recovered by re-
operation if failure is discovered early. To find
blood flow abnormalities, various methods
have been reported. These methods include
clinical observation of the flap temperature
and color, pinprick test, laser Doppler flow-
metry,! implantable Doppler probe,2® ultra-
sonic Doppler probe,! Doppler ultrasound,?
and angiography. Color Doppler ultrasonogra-
phy is widely used in cardiovascular surgery to
assess the internal mammary artery blood
flow.® It is a simple, rapid, and noninvasive

Hokkaido University Graduarte School of Medicine. Received for publication
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method. There have been few reports about
continuous blood flow monitoring after free
tissue transfer over 1 week with color Doppler
ultrasonography. In this study, we evaluated
the flap arterial blood flow change after various
kinds of free tissue transfer in head and neck
reconstruction using color Doppler ultra-
sonography at various time points. In addition,
we compare arterial blood flow in different
recipient vessels, irradiated effects, and trans-
ferred tissue.

PATIENTS AND METHODS

Head and neck reconstruction with free tis-
sue transter was performed on 23 patients at
the Department of Plastic and Reconstructive
Surgery, Hokkaido University Hospital from
September of 2001 to March of 2003, Patient
ages ranged from 22 to 78 years (average, 57.7
years; median, 60 years). Fifteen were men and
eight were women. Fourteen of the 28 padents
received radiotherapy before surgery. The ra-
diation dose ranged from 20 Gy to 65 Gy.
Arterial anastomoses were performed under a
surgical microscope in end-to-end fashion us-
ing 9-0 or 10-0 nylon. Venous anastomosis with
internal jugular vein was performed in an end-
to-side manner and the other venous anasto-
moses were performed in an end-to-end man-
ner. The transferred free tissues and recipient
vessels are shown in the tables (Tables I and
IT).

Flow volume output of the flap artery was
measured using a color Doppler ultrasonogra-
phy (Logiq 500, GE-Yokogawa Medical System,
Tokyo, Japan). All measurements were made
by the senior author, who performed microsur-
gery in every case and knows vessel locations
very well. Locations of pedicle and recipient
artery were recorded precisely before wound
closure. Pedicle location and anastomosis were
performed by identifying the recipient vessels
with color Doppler ultrasonography. The re-
cipient arteries were native branches of the
carotid artery. It is not difficult to identify the

TABLE 1
Types of Transferred Free Tissue

Free Flap No. of Cases
Radial forearm 8
Jejunum 6
Anterolateral thigh 4
Rectus abdominis musculocutaneous 2
Other 3
Tatal 23
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TABLE 11

Recipient Arteries and Veins

No. of Cases
Recipient artery
Superior thyroid 11
Facial 6
Transverse cervical 4
Others 2
Total 23
Recipient vein
Intemal jugular* 14
Facial 4
External jugular 2
Retromandibular 2
Other 1
Total 23

* Internal jugular vein was anastomosed in an end-to-side manner.

superior thyroid artery, facial artery, and trans-
verse cervical artery we used for microvascular
anastomosis by knowing their relationship to
internal and external carotid artery. In addi-
tion, the pedicle always runs in an unnatural
course, differing from normal anatomy. It runs
from the recipient artery to a transferred flap.
Flap vein runs very close to flap artery or it is
often anastomosed to the internal Jjugular vein.
It can be found without difficulty by recogniz-
ing its location.

At least three measurements were taken and
the mean value was used. Diameter of the flap
artery ranged from 1.5 to 4.5 mm (average, 2.5
mm). Flow volume output of flap artery was
measured in selected patients with the color
Doppler ultrasonography on days 1, 4, 7, 14,
21, and 28 after surgery. We compared the
changes in the flap arterial output on postop-
erative days to the output at postoperative day
1 for each patient. This was then considered to
be the flow volume output ratio (output at days
4,7,14, 21, 0r 28 / output at day 1), which was
compared and studied for the different post-
operative days in each patient. In addition, we
compared flow volume output itself on the first
postoperative day for the different flaps and
different recipient arteries and veins, and the
effectiveness of irradiation in the different
patients.

Statistical Analysis

The arterial flow volume output ratios for
different days and in different patients were
assessed by the Wilcoxon signed-rank test. No
correction was made for the testing. Flow vol-
ume output itself at postoperative day 1 in
different flaps and different recipient arteries
and veins and the effectiveness of irradiation in
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the different patients were assessed by Mann-
Whitney U'test. Statistical significance was set at
P < 0.05 for both tests.

RESULTS

Flow volume output of each flap artery could
be measured in all 23 patents. Flap arterial
output ranged from 0 to 52.9 ml/minute. It
could be measured continuously with color
Doppler ultrasonography in 17 of 23 patients
on days 1, 4, 7, 14, 21, and 28 after surgery.
Continuous study was not done on six patients.
Three of the 17 patients developed venous
thrombosis, but they were salvaged by reanas-
tomosis. All 23 flaps survived.

Changes in Time Course

The flow volume output ratio was assessed in
14 patents without venous thrombosis. The
ratio increased gradually from days 1, 4, and 7
after surgery (Fig. 1). A significant difference
(p < 0.05) was observed between ratios on day
1 and days 4, 7, 14, and 21 after surgery. The
ratio decreased gradually after day 7. Signifi-
cant difterence was observed between the ra-
tios at day 7 and day 28.

Differences in Recipient Arleries and Veins

Comparison of flow volume output at post-
operative day 1 in the different recipient arter-
ies was carried out. The flap arterial output for
the superior thyroid artery, facial artery, and
transverse cervical artery anastomoses showed
no significant difference. Output for the differ-
ent recipient veins at postoperative day 1 was
compared in internal jugular vein, facial vein,

FVO ratio

and external jugular vein anastomoses. There
were no significant differences.

Effectiveness of Irradiation

Flow volume output at postoperative day 1
between patients with irradiation and those
without irradiation showed no significant
differences.

Differences in Transferred Tissue

The flow volume output at postoperative day
1 showed significant differences between the
free jejunum and skin flaps (radial forearm
and anterolateral thigh flaps) (p < 0.05). The
free jejunum had more pedicle arterial blood
flow than the skin flap. Output for the free

jejunum was higher than for the skin flap at

every time point and showed minimal changes
(Fig. 2). We were able to measure the flow
volume output in only three of the six free

jejunum continuously, so we could not analyze

it statistically regarding the time course
change.

Flow Volume Output in the Flap with Venous
Thromboses

Three of the 23 patients had venous throm-
boses, two had radial forearm flaps for tongue
reconstruction and one had a rectus abdominis
musculocutaneous flap for maxillary sofi-tissue
reconstruction. Flow volume output was mea-
sured immediately when venous congestion
was suspected. Abnormal flap arterial wave-
form, decreasing flow volume output, and ab-
sence of venous blood flow was observed using
color Doppler ultrasonography. Only the vein

Fic. 1. Flow volume output (FVO) ratio after free flap transfer (n = 14). Error

bars represent the standard deviations.



35

30 | A

FVQ (mi/min)
N N
c &
!
/
’

—
w
T

-t
[=]
T

PLASTIC AND RECONSTRUCTIVE, SURGERY, May 2005

day

FiG. 2. Comparison of average arterial flow volume output (#V0) in skin flaps
(n = 11; dicmonds) and in free jejunum (n = 8; squares). Free jejunum has more
pedicle arterial blood flow than the skin flap does.

was reanastomosed at day 1 in two patients and
at day 2 in one patient. After reanastomoses,
the output was significantly improved and the
flap survived completely in all cases.

CasE REPORT

A 74-year-old man had venous thrombosis after free radial
forearm flap transfer for tongue reconstruction. The recip-
ient vessels were the facial artery and internal jugular vein.
Venous anastomosis was performed in an end-to-side man-
ner. Slight venous congestion was observed 1 day after sur-
gery. The waveform of the flap artery indicated turbulence,
with systolic antegrade and diastolic retrograde flow and de-
creased flow volume output (Fig. 3, above). At that time,
venous blood flow was not detected by color Doppler ulua-
sonography. We suspected venous thrombosis, so we ex-
plored it in the operating room. Venous thrombosis was
found, and only the vein was reanastomosed. The flap arterial
waveform recovered immediately and the flow volume ou tput
increased significandy from 2.45 ml/minute to 7.92 mly/
minute (Fig. 3, below). The flap survived completely.

Discussion

Free tissue wansfer with microvascular anas-
tomosis has become a popular procedure. Ob-
taining adequate blood inflow and outflow is
very important for flap survival. Therefore, at-
tempts have been made to use various methods
to monitor flap blood flow. Color Doppler ul-
trasonography is widely used in cardiovascular
surgery to assess the internal mamimary artery
blood flow. In the field of plastic surgery, color
Doppler ultrasonography has been used for
preoperative assessment of transverse rectus
abdominis musculocutaneous flaps and perfo-

rator vessels” and assessment of artery and vein
preoperatively.® For blood flow measurement
after microsurgery, Amerhauser et al, reported
clinical and experimental study using color
Doppler ultrasonography in 19989 They re-
ported its precise measurement of blood flow
in an experimental animal model. In addition,
they monitored pedicle vessels after free tissue
transfer in head and neck reconstruction accu-
rately. Salmi et al. reported arterial blood flow
changes in free muscle flap pedicle postopera-
tively from 2 weeks to 9 months with color
Doppler ultrasonography.’® Color Doppler ul-
trasonography has also been used for monitor-
ing buried free flap in the head and neck
region.'? Hemodynamic changes after free
flap transfer were reported in free skin flap for
1 week after surgery.13.14

Zierler et al.’¥ studied the accuracy of blood
flow measurement using color Doppler ultra-
sound in small vessels ranging from 1 to 3 mm
in diameter. They reported an error of mea-
sured blood flow of 18 percent.

To minimize errors, at least three measure-
ments were taken and the mean was used. In
addition, angles of incidence of the Doppler
line of sight were almost keptin every measure-
ment. Angle, location, and direction of Dopp-
ler probe are relatively restricted in the neck
region; therefore, it is not difficult to measure
flow volume output in almost the same direc-
tion. The measured flow volume output is re-
producible with minimal error.



