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Abstract With the development of various reconstructive
procedures, most patients who have undergone ablative
surgery for oropharyngeal cancer have obtained satisfac-
tory functional results and good quality of life. However,
many questions remain concerning methods of obtaining
optimal postoperative oral and pharyngeal functions, espe-
cially after glossectomy. This review focuses on reconstruc-
tive methods after partial glossectomy, hemiglossectomy,
and subtotal or total glossectomy and discusses cur-
rent problems and the possibility of sensory and dynamic
reconstruction.

Key words Reconstruction after glossectomy - Postopera-
tive functions - Microsurgical reconstruction

Introduction

The ultimate purpose of reconstruction is to duplicate the
form and function of normal anatomic structures. The goals
of oropharyngeal reconstruction from the 1970s to the early
1980s were to close the oral cavity and to avoid local post-
operative complications. Several reconstructive methods
employing microsurgical techniques were introduced to
achieve these goals. However, the goals of reconstruction
have now changed to maintaining postoperative function
and improving quality of life.

In this field, functional reconstruction after glossec-
tomy is the most challenging area; however, postopera-
tive functional results are often unstable, and additional
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laryngectomy may be required because of intractable
aspiration and pneumonia. In this review, we discuss recon-
structive methods after partial glossectomy, hemiglos-
sectomy, and subtotal or total glossectomy; we also discuss
the possibility of dynamic and sensory reconstruction and
current problems.

History of reconstructive methods after glossectomy

Resection of the intrinsic and extrinsic musculature of the
tongue prevents active intraoral food transposition and in-
hibits articulation. Loss of the mylohyoid sling removes the
support of the floor of the mouth and prevents elevation of
the base of the tongue, affecting speech and swallowing
functions. Reconstruction immediately after glossectomy
involves three aspects: restoration of the mucosal surface to
preserve the movement of the residual tongue, restoration
of coordinated motor activity, and restoration of sensation.
Early attempts at reconstruction after glossectomy aimed
only to resurface the defect with skin grafts, local mucosal
flaps, and, later skin flaps, such as the deltopectoral skin
flap."” Because these flaps were of insufficient bulk, recon-
struction with them resulted in dead space, pooling of secre-
tions, and high rates of local complications. Because of
these poor results, radiotherapy was often selected as an
alternative treatment until the 1970s. After the pectoralis
major myocutaneous flap was introduced to head and neck
reconstruction by Ariyan’ and Baek et al.’ in 1979, both
wider surgical resection and satisfactory postoperative func-
tions became possible. The bulk of the pectoralis major
myocutaneous flap decreases the size of the oral cavity and
fills the dead space. However, this flap has several disadvan-
tages, including poor reliability of its cutaneous portion,
limited pedicle length, and compromised tongue elevation
due to the muscle’s downward traction. To address these
problems, the free flap with microsurgical anastomosis was
introduced to head and neck reconstruction in the early
1980s. Flaps often used for reconstruction include the free
radial forearm flap,’ the rectus abdominis musculocutane-
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Fig. 1. Changes in the reconstructive methods used for massive
oropharyngeal defects at the National Cancer Center Hospital, Japan,
from 1962 to 1991. The numbers of patients with massive oropharyn-
geal defects are shown in parentheses. Pale gray bars, free flap; stippled
bars, pedicled myocutaneous flap; striped bars, pedicled cutaneous flap;
black bars, without reconstruction

ous flap,® the latissimus dorsi musculocutaneous flap,’
the scapular flap," and the jejunal flap,'" all of which are
easily elevated and have long vascular pedicles. In the early
1990s, the use of microsurgical techniques and free flaps
for head and neck reconstruction became widespread
(Fig. 1). For the reconstruction of large, complex defects of
the head and neck, the anterolateral thigh flap has been
suggested by several authors.”'* The main advantage of
this flap is the possibility of combined transfer with other
flaps, allowing a variety of large defects of the head and
neck to be repaired.

Morbidity at the flap donor site remains a concern. To
minimize donor-site morbidity, perforator flaps, which are
skin flaps without harvested muscle, were developed to re-
construct head and neck defects. The deep inferior epigas-
tric artery perforator flap is the most commonly used flap
of this type."” The classic free groin flap has also been used
to minimize donor-site morbidity in head and neck
reconstruction.'®

Although several reconstructive methods and flaps have
been developed since the 1970s, several important points
should be kept in mind, such as minimizing early postopera-
tive complications that may prolong hospitalization and
become life-threatening, maintaining postoperative func-
tions, and decreasing the degrees of surgical invasiveness
and donor-site morbidity. To shorten operative time, the
preferred flap is one that can be elevated simultaneously
with tumor resection while the patient remains in the supine
position.

Classification of defects after glossectomy

We have classified defects after glossectomy into three
types: those after partial glossectomy, hemiglossectomy,
and subtotal or total glossectomy (Fig. 2). In partial
glossectomy the defect involves less than half of the mobile

Fig. 2A-C. Classification of glossectomy defects. A shows partial
glossectomy, in which the defect involves less than half of the mobile
tongue and resection of the tongue base is minimal. B shows hemiglos-
sectomy, which involves resection of half of the mobile tongue and
tongue base. C shows subtotal or total glossectomy, in which more than
two-thirds of the mobile tongue and the tongue base are removed

tongue, and resection of the tongue base is minimal. Hemi-
glossectomy resects half the tongue base and half the
mobile tongue. In subtotal or total glossectomy more than
two-thirds of the mobile tongue and the tongue base are
removed.

Partial glossectomy defects

In most patients with partial glossectomy, primary closure is
possible with minimal disturbance of speech and swallowing
functions. When a wide defect of the mucosa of the floor of
the mouth remains after primary closure from the tip of the
residual tongue, transfer of a split-thickness skin graft is the
most adaptable and simple procedure. The degree of redun-
dancy can best be gauged by distracting the tongue and
tailoring the graft to the defect that has been stretched to its
maximum dimensions."” Local mucosal flaps, such as the
buccal mucosal flap and the facial artery musculomucosal
flap,"” are also effective for preventing local contracture.
For filling submandibular dead space, local flaps, such as the
digastric muscle flap" and the sternocleidomastoid flap, are
useful.

Hemiglossectomy defects

Resection of half of the mobile tongue and tongue base
produces significant swallowing and speech dysfunction.
Important points in the reconstruction of this type of defect
are to preserve the mobility of the mobile tongue and to fill
the dead space just below the mandible after tumor resec-
tion with the pull-through method. Because the total vol-
ume of dead space is moderate, a moderately sized flap
should be selected and transferred. Possible choices include
a radial forearm flap, an anterolateral thigh flap, an an-
teromedial thigh flap, a deep epigastric inferior artery per-
forator flap, and a groin flap. However, when the flap is
sutured to the cut edges of the residual mobile tongue, the
reconstructed tongue’s movements are often inhibited by
the weight of the flap and by contracture in the oral space.
To resolve this problem, a bilobular radial forearm flap™
has been suggested to preserve tongue mobility, by separat-
ing the reconstruction of the mobile tongue from the recon-
struction of the floor of the mouth. Multilobular
anterolateral thigh flaps® have also been developed for this



purpose, although speech function with these flaps has not
been accurately evaluated. Our experiences of the past 25
years suggest that the mobile residual tongue should be
closed primarily 3 to 4cm from its tip to allow maximal
movement and that the flap should be grafted to the defect
of the floor of the mouth.

The pectoralis major myocutaneous flap is also another
good choice for reconstruction after hemiglossectomy;®
however, the flap cannot be elevated while the tumor is
being resected, and the bulkiness of subcutaneous tissues
in female patients can be a problem. With adequate re-
constructive procedures after hemiglossectomy, functional
results are satisfactory in most patients.

Subtotal or total glossectomy defects

The development of the microsurgical free-flap technique
has greatly improved the quality of life of patients after
subtotal or total glossectomy. We have achieved satisfac-
tory results in reconstruction after subtotal and total
glossectomy, with laryngeal preservation in 95.3% and 70%
of patients, respectively.”” However, some patients have
poor speech and swallowing functions after surgery, despite
laryngeal preservation. Considerable effort must be made
to preserve the larynx;”"” however, functional results are
often unstable, and the effectiveness of total glossectomy
without laryngactomy remains questionable.”

To obtain satisfactory results in reconstruction after sub-
total or total glossectomy, several important points must be
considered, including: (1) the patient’s preoperative condi-
tion, (2) structures resected in addition to the tongue, (3)
the patient’s age, (4) the bulk of the transferred flap, and (5)
laryngeal suspension.

In a previous study, we found that patients with pre-
operative cerebral dysfunction or poor cardiovascular or
pulmonary function were poor candidates for laryngeal
preservation. Furthermore, we believe that laryngeal
preservation will be of limited benefit if more than half of
the oral and cervical tissues or the entire tongue and epig-
lottis have been resected. The postoperative function of
unresected tissues is difficult to predict preoperatively,
but it is negatively correlated with patient age. Postope-
rative function is generally poorer in patients older than
70 years.”

A transferred flap of sufficient bulk works together with
the buccal, palatal, and neighboring pharyngeal muscles to
produce positive oropharyngeal propulsion-pump forces.
However, few studies'"***" have examined the importance of
the height of the reconstructed tongue for swallowing and
articulation. In our recent study,” we classified the shape of
the reconstructed tongue into four types — protuberant,
semiprotuberant, flat, and depressed — and found that post-
operative speech and swallowing functions were significantly
worse in patients with flat or depressed tongues than in
patients with semiprotuberant or protuberant tongues.

To help ensure that reconstructed tongues are protuber-
ant, wider flaps, at least 1.5-cm-thick, should be used.
Therefore, we prefer rectus abdominis musculocutaneous
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Fig. 3A,B. Rectus abdominis musculocutaneous flap in an extremely
thin patient. A shows the design of the cutaneous portion of the flap.
B shows the elevated flap; the cutaneous portion is de-epithelialized
(arrow) and grafted under another cutaneous portion of the flap at the
neck to reconstruct a tongue of sufficient volume

flaps, which can be elevated while the tumor is being
resected with the patient in the supine position. Some
authors™ have suggested that, to ensure a reconstructed
tongue of sufficient height, cutaneous flaps should be de-
signed approximately 20% wider and longer than the de-
fect. We now intend to design flaps 30% wider than the
defect (i.e., 9 to 10cm wide in Asian patients). However,
problems still arise in patients who have lost a great deal of
weight. For such patients, it may be necessary for several
cutaneous flaps to be transferred to increase tissue volume
(Fig. 3). Several authors have reported the use of pedicled
pectoralis major myocutaneous flaps for reconstruction
after total glossectomy.”™ However, in Asian patients,
the reliable cutaneous portion of this flap does not fill
the oral cavity, and neck contracture often develops
postoperatively.

The effectiveness of laryngeal suspension has been dis-
cussed in several articles.”*** However, a cineradiographic
study by Myers® has shown that neither the hyoid bone nor
laryngeal elevation are essential for effective swallowing.
Indeed, most of our patients could swallow without addi-
tional laryngeal suspension; however, in two of our patients,
severe laryngeal prolapse occurred and caused the recon-
structed tongue to be depressed. Therefore, to prevent pro-
lapse of the transferred flap, we now use thick nylon sutures
to suspend the larynx from the mandible (with approxi-
mately 2cm between the superior border of the hyoid bone
and the inferior border of the mandible).

To achieve a more functional reconstructed tongue

A fully functional tongue cannot be reconstructed with cur-
rent methods, and the possibility of postoperative function
is dependent on the extent of resection. However, to obtain
better functional results, some ambitious reconstructive
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procedures have been attempted. Mucosal sensation plays
an important role in oral function and the patient’s quality
of life. The ability to sense ingested material in different
parts of the mouth facilitates its presentation either to the
teeth for chewing or to the tongue for swallowing. Intact
intraoral sensation prevents the pooling of saliva and drool-
ing that are frequently seen after extensive head and neck
reconstruction. To restore sensation to the reconstructed
tongue, David,” in 1977, first reported the use of the inner-
vated deltopectoral cutaneous flap for intraoral reconstruc-
tion; he obtained good results in two of four patients. The
free sensate dorsalis pedis flap and lateral arm flaps have
also been used to restore intraoral sensation.”” More
recently, innervated radial forearm flaps have been the
most commonly used for reconstruction after partial
glossectomy.” In particular, Boyd et al."" have shown, with
sophisticated sensory testing, that the innervated flap is su-
perior to the noninnervated flap. We also examined the
benefit of the sensory flap in patients in whom more than
half of the tongue had been resected;” we found that post-
operative sensory recovery was significantly better with in-
nervated sensate anterolateral thigh or rectus abdominis
muscle flaps than with noninnervated flaps. However, re-
sults of Semmes-Weinstein testing showed that recovery did
not reach the level of protective sensation. Although
additional objective and functional testing is required and
the need for sensory reeducation should be considered,
this simple operative procedure, using sensate flaps, can
improve postoperative intraoral function and should be at-
tempted after glossectomy when possible.

Reconstruction of a mobile tongue after glossectomy is
the goal for the patient and for many reconstructive sur-
geons. However, tongue musculature is now most often
reconstructed with nonfunctional, noncontractile tissues.
Some attempts have been made to reconstruct the mobile
tongue with a latissimus dorsi musculocutaneous flap
or a rectus abdominis musculocutaneous flap in which the
included motor nerves are coapted to the remaining
hypoglossal nerve.”* Although the effectiveness of these
dynamic reconstructive methods after glossectomy has been
reported, equally satisfactory results can be obtained with
the methods we have described for use after subtotal or
total glossectomy defects. Because the hypoglossal nerve
includes many types of motor nerve fibers for intrinsic
tongue muscles, whether a single transferred muscle can
help to restore complicated swallowing functions is
questionable. Ideally, three or more muscle-transfer pro-
cedures should be performed to reconstruct the mobile
tongue. Reinnervating the transferred muscle by coapting
its motor nerves to the hypoglossal nerve will help to de-
crease the degree of muscle atrophy and maintain the vol-
ume of the reconstructed tongue. Infrahyoid muscle flap
transfer” and temporal muscle suspension® are other meth-
ods to increase the movement of the reconstructed tongue
by exploiting the contractile force of neighboring muscles.
Reconstructing a fully mobile tongue is extremely difficult
with current methods; however, we remain motivated
to develop surgical procedures to optimize the patient’s
quality of life.

Conclusion

In this review, we have described several reconstructive
methods for obtaining good functional results after
glossectomy. However, surgeons should always consider
prognosis when selecting reconstructive methods for
patients who have undergone glossectomy, because the
survival rate of these patients is generally low. Important
points that enable the selection of appropriate reconstruc-
tive methods are: minimizing early postoperative complica-
tions, maintaining postoperative functions, and decreasing
surgical invasiveness and flap donor-site morbidity.
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