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Tongue cancer is one of the most common oral cavity
cancers.1Herein, like inmost cancers, our first aimof surgical
treatment was to improve the survival rate. The extent of
resection was planned as widely as possible to include the
tumor and its microscopic spread.

However, the tongue is a functional structure with compli-
cated components. It plays great roles inmastication, swallow-
ing, and speech.1,2 Although it is a specialized sensory organ,
most functions of the tongue are performed by the mobility of
its series of complex arrangements of intrinsic and extrinsic
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Abstract Background Reconstruction in tongue cancer to restore the shape and function of
the tongue without airway obstruction in the narrow oral cavity is challenging for
reconstructive surgeons. Herein, the authors retrospectively analyzed flaps to reveal
the factors that affect the functional outcome of tongue reconstruction.
Methods Herein, we retrospectively reviewed 30 patients (men, 16; women, 14;
mean age, 50.3 years) who underwent the hemi-tongue reconstruction followed by
speech therapy between 2009 and 2017. Data about postoperative chemotherapy and
radiotherapy were collected. The dimensions (width and length) of the flaps were
measured. Speech outcomes were assessed under the conditions of varying distances
of the tongue tip from lower incisors when it was protruded, retracted, and elevated.
Lateralization was evaluated based on the count of teeth reached by the tip of the
tongue from the midline.
Results Preoperative chemotherapy and radiotherapy significantly influenced tongue
retraction, tongue articulation, and intelligibility (p¼ 0.006, 0.002, 0.048, respective-
ly). Postoperative chemotherapy did not statistically significantly influence any out-
come measure. Contralateralization of the tongue was significantly decreased in the
postoperative radiotherapy group (p¼ 0.029). The length of the flap showed highly
negative correlation with articulation and intelligibility (p¼ 0.009, p< 0.001, respec-
tively). The width of the flap was not correlated with the outcomes.
Conclusion Weproved that unlike chemotherapy, postoperative radiotherapy influences
the functional outcome of tongue reconstruction. The dimensions, particularly the length
of the flap, were also important for restoring the reconstructed tongue function.
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musculature.1 Particularly in speech production, the tongue
plays an essential role as an air valve by constricting or making
contact with other structures and modifying the shape and
length of the vocal tract.2 Significant changes in the function of
the tongue result fromits resection and reconstruction, altering
the acoustic characteristics of speech.2 Thus, the impairment of
tongue function negatively influences the quality of life
severely.3

Because of the increasing interest in head and neck cancer
reconstruction, demands to reconstruct tongue functionally
after minimal resection with acceptable survival rate have
been increasing. Advances in microsurgical techniques have
allowed reconstructive surgeons to prioritize not only the
preservation of life but also better cosmetic and functional
outcomes and quality of life for patients as an outcome of
tongue reconstruction.4

Because of its complex structure and functions, reconstruc-
tion to restore the bulk, mobility, and sensibility of the tongue
has been challenging for surgeons.3 In the narrow space of the
oral cavity, reconstructive surgeons have to restore the shape
and function of the tongue without airway obstruction. To
reproduce the intact tongue anatomy, such as complex mus-
culature, bulkiness, and sensory arrangements, diverse recon-
structive attempts have been performed.1 With the current
advances in reconstructive surgery, new surgical options to
restore the complex anatomy and function of the tongue are
available.5

Functional speech outcomes of tongue reconstruction after
thesurgeryhavebeenevaluatedsubjectivelyandobjectively in
numerous studies.6–11 However, these studies often involve
various extents of resection in a limited case series.

In this study, the authors retrospectively analyzed various
factors of tumor and flaps to reveal the conditions that
impact the functional outcome of tongue reconstruction.

Methods

A total of 30 patients who underwent hemi-tongue recon-
struction followed by speech rehabilitation therapy at the
Department of Plastic Surgery, Asan Medical Center, Seoul,
were included in this study. Herein, 14 female and 16 male
patients with a mean age of 50.3 years (range, 26–68 years)
were enrolled. Only vascularized free-flap reconstruction
was considered. Cases wherein reconstruction with a flap
including innervated muscle or sensory nerve was per-
formed were excluded.

Medical records were reviewed retrospectively for col-
lecting information about patients.

Surgical Technique
Otolaryngologists performed resections of all tongue cancers,
including neck dissections. Then, the authors began the recon-
structiveprocedures. First, thedefect sizewas estimatedwith a
paper ruler. The volume of the tongue needed to reconstruct
was inferred from the remaining part. The length from tip to
base of the tongue along its curvature and the circumferential
width were measured to design the flap. The defect size of the
mouth floor and the surrounding tissues were taken into

account if needed. For amore accuratemeasurement, a rubber
tourniquetdesignedasaflapwassimulated into thedefect. The
flap was chosen based on the patient’s body mass and the
estimated volume of the defect required to be replaced.

Superior thyroidal vessels or facial vessels were identified
for the recipient. After harvesting, the free flap was carefully
positioned in the defect. One vein was anastomosed first, and
then, anastomosis of the artery was performed. Another vein
was anastomosed if necessary. The inset of the flap started
from the deepest site, which was the most difficult to repair.
The closure was then continued to the anterior aspect while
ensuring that the flap had suitably restored the volume of
defect. The insetwas completed after trimming forfinal result.

Methods for Measurement
The flap was designed to be large enough to cover the
measured defect size (►Fig. 1). The authors usually had 1 or
2 cm redundancy in flap design. The long axis of the flap
aligningwith thelengthof the tonguewasmeasuredas “length
of flap.” The short axis for circumferential width of the
reconstructed tongue was measured as “width of flap.” The
resected tumorwasmeasuredas follows: “length”wasdefined
as theshortestdistance fromtheportionplacedat thetipof the
tongue to the most posterior portion. “Width”was thewidest
distance of tumor,perpendicular to the long axis in view from
above. “Depth” of the tumor was measured as the longest
length perpendicular to the long axis in lateral view.

Methods for Evaluation
There were three categories in the evaluation of speech
outcomes in this study: range of tongue movement, articu-
lation, and intelligibility. Speech outcomes of all patients
were evaluated by a speech therapist.

Range of Tongue Movement
Distance from the middle point of the tip of lower incisors to
the tip of the tonguewas estimated as the range ofmovement
of the tongue. The movement was measured in five direc-
tions: protrusion, retraction, elevation, ipsilateralization,
and contralateralization to the affected side (►Fig. 2).

Articulation
Articulation was to digitize how precisely the patient could
pronounce consonants. The evaluation was performed using
the Urimal Test of Articulation and Phonation (U-TAP). The
speech therapist showed pictures to the patients and the
patients had to speak what they saw. If the patient could not
recognize the name or said the wrong name, he or she was
instructed to pronounce an imitative word. All evaluations
were recorded with a video or audio recorder. The result was
calculated in percentage of correct consonants (PCC).

PCC¼ (42 – number of erroneously pronounced pho-
nemes)/43� 100

Intelligibility
Ameasurement of howwell a listener could comprehend the
speech was defined as intelligibility. For evaluation, the
patients recited a paragraph of “Autumn (Gaeul),” which
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was developed by HyangHee Kim in 1996 considering the
frequency of appearance of Korean consonants and vowels
including 369 syllables. The outcome was scored by the

speech therapist. The scoring was classified into five catego-
ries of impairment: mild, mild-to-moderate, moderate,
moderate-to-severe, and severe impairment.

Fig. 2 Range of tongue movement. Distance from the middle point of the tip of lower incisors to the tip of the tongue was measured in five
directions: protrusion, retraction, elevation, ipsilateralization, and contralateralization to the affected side.

Fig. 1 Methods for measurement. The remnant hemi-tongue was utilized to infer the size of the defect. The distance from the tip to the base of
the tongue was measured as the “length” of the defect. The circumferential width of the tongue was measured as the “width.” In measuring the
resected tumor, the “length”was defined as shortest distance from the portion placed at the tip of the tongue to the most posterior portion. The
“width” was the widest distance of the tumor which was perpendicular to the long axis in view from above. The “depth” of the tumor was
measured as the longest length perpendicular to the long axis in lateral view.
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Statistical Analyses
Statistical analyses were performed using SPSS 24.0 (IBM
SPSS Statistics, Chicago, IL). A p-value< 0.05 was considered
significant.

Results

The speech outcomes seemed to have a negative relationship
with the age of patients; however, the relationship was not
statistically significant (►Table 1). On comparing the gender
groups, men showed significantly better outcome in eleva-
tion (p¼ 0.017) (►Table 1). History of smoking also did not
show a significant linear relationship with the speech out-
comes (►Table 1).

Among underlying diseases, hypertension, obesity, and
diabetes mellitus did not significantly affect the outcome of
speech after tongue reconstruction (►Table 1).

In adjuvant therapy, preoperative chemotherapy and radio-
therapy significantly influenced the outcome of tongue recon-
struction, particularly retraction, articulation, and intelligibility
(p¼ 0.006, 0.002, 0.048, respectively; ►Table 2). Postoperative
chemotherapy did not significantly affect speech outcomes,
whereas postoperative radiotherapy made a significant differ-
ence in the contralateralization outcome (p¼ 0.029;►Table 2).
The dose of preoperative radiotherapy was statistically,
significantly, and negatively correlated with the speech out-
comes– particularly retraction, articulation, and intelligibility
(p¼ 0.006, 0.002, 0.048, respectively), unlike the dose of post-
operative radiotherapy (►Table 2).

Herein, 26 of 30 flaps were successful without any com-
plication. In two cases, the flap needed to be revised due to
venous congestion, and debridement wasperformed in other
two cases on partial margin necrosis. The choice of flap for
tongue reconstruction could make a difference in the speech
outcome. Because of small samples, statistical analysis was
not reliable; however, the mean of each measurement was
statistically and significantly different between each group
of flaps (►Table 3). In particular, radial forearm free flap
showed superior mean values of outcomes in retraction,
contralateralization, and articulation compared with other
flaps.

The speech outcomes were different depending on the
recipient vessels. The superficial temporal artery showed
statistically and significantly better outcomes in terms of
elevation and contralateralization (p¼ 0.002 and0.018, re-
spectively) (►Table 3). Conversely, the speech outcomes of
the reconstructed tongue did not significantly differ based on
one or two recipient veins (►Table 3).

The flap dimensions showed a statistically significant
relationship with the tongue reconstruction outcome. The
length of the flaps had a significantly negative correlation
with articulation and intelligibility (p¼ 0.009, p< 0.001,
respectively) , unlike the width (►Table 3).

The dimensions of the resected tumor were significantly
related to the speech outcome. The length of the tumor was
significantly negatively correlated with all outcomes, except
elevation and ipsilateralization (►Table 3). All measure-
ments of speech outcome, except ipsilateralization, had

Table 1 Correlation between medical history and speech outcomes (p-value)

Outcome Age Gender Smoking Obesity Hypertension Diabetes

Protrusion 0.140 0.086 0.398 0.100 0.307 0.987

Retraction 0.644 1.000 0.473 0.468 0.904 0.763

Elevation 0.128 0.017a 0.090 0.431 0.942 0.736

Ipsilateralization 0.152 0.866 0.884 0.592 0.239 0.879

Contralateralization 0.146 0.881 0.835 0.880 0.477 0.826

Articulation 0.305 0.325 0.401 0.331 0.652 0.603

Intelligibility 0.067 0.669 0.770 0.985 0.677 0.723

aStatistically significant.

Table 2 Correlation between adjuvant therapy and speech outcomes (p-value)

Outcome Chemotherapy Radiotherapy Dose of radiotherapy

Preop. Postop. Preop. Postop. Preop. Postop.

Protrusion 0.287 0.237 0.287 0.616 0.287 0.542

Retraction 0.006a 0.065 0.006a 0.073 0.006a 0.056

Elevation 0.061 0.551 0.061 0.425 0.061 0.251

Ipsilateralization 0.243 0.771 0.243 1.000 0.243 0.934

Contralateralization 0.087 0.346 0.087 0.029a 0.087 0.101

Articulation 0.002a 0.544 0.002a 0.907 0.002a 0.861

Intelligibility 0.048a 0.530 0.048a 0.261 0.048a 0.358

aStatistically significant.
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statistically negative correlations with the width and depth
of the tumor (►Table 3).

Discussion

Much effort has gone into optimizing the tongue reconstruc-
tion outcomes through revealing correlation between many
factors and outcomes with subjective and objective evalua-
tion.12 Despite many studies, some points, such as diverse
size of defects and limited number of factors being consid-
ered or nonobjective measurement of the outcomes, remain
controversial. To overcome these limitations, through this
study, the authors tried to investigate the relationship be-
tween factors as many as possible, such as patient demo-
graphics, defects, flap types, and even adjuvant therapy.
Furthermore, speech comprehension, which is one of the
most important functional outcomes in tongue reconstruc-
tion, was assessed with objective measurement by a special-
ized speech therapist. To minimize biasness, cases were
restricted to hemiglossectomy.

Underlying medical problems, such as hypertension,
obesity, diabetes, and smoking, did not influence the
speech outcome of tongue reconstruction. It wasproved
that the medical conditions of the patients do not compro-
mise the vascularized free flap.13 This result was in agree-
ment with those of previous studies and proved that the
functional outcome of the free flap is not affected either.
Only age and intelligibility were found to have a significant
statistical tendency for correlation, and other speech out-
comes were not significantly associated with age. The fact
that the age of patients could have a significant relationship
with speech intelligibility was mentioned in previous stud-
ies.14,15 However, difference in intelligibility seemed not to
be directly correlated with the functional outcome of the
reconstructed tongue. Gender did not show any statistically
significant correlation with speech outcomes, except for
elevation.

Only one patient underwent preoperative adjuvant ther-
apy, along with simultaneous chemotherapy and radiother-
apy.Thus, the outcomes were equal in these two adjuvant
therapies. Although the impact of each therapy was not
distinguished, preoperative adjuvant therapies and the

dose of preoperative radiation made significant differences
in speech outcomes, particularly in retraction, articulation,
and intelligibility. First, the soft tissue in operation field
might already be affected by adjuvant therapies. This could
lead to some dysfunction of the remaining muscles which
had to be moved to the reconstructed part of the tongue. The
dysfunction might not be severe enough to compromise the
movement but could influence articulation and intelligibility
during actual speech. Second, preirradiated operation field
could affect the flap to be used for reconstruction, as radia-
tion-induced fibrosis and damage to the microvasculature
before the surgery compromises wound healing in the
irradiated field.16 Third, tumor severity could be another
reason for the differences in speech outcomes. The fact that
adjuvant therapies were needed might indicate that the
tumors were more aggressive or progressed faster than
others. Such cases in this study are few; and therefore,
further large-scale research will be needed to prove the
impact of the preoperative adjuvant therapies.

Unlike preoperative adjuvant therapy, postoperative che-
motherapy did not show any difference in speech outcomes.
Postoperative chemotherapy is assumed to not influence the
result of tongue reconstruction. Otherwise, therewould have
been statistically significant differences or statistical ten-
dency in postoperative radiotherapy regardless of its dosage.
Retraction and contralateralization of tongue movement
decreased in the radiation group. It seemed that as a post-
operative adjuvant therapy, radiotherapy, not chemotherapy,
influenced the surgical outcomes of tongue reconstruction.

Diverse flap types were use in this study. Radial forearm
freeflap and anterolateral thighflapwere used inmost cases,
and superficial circumflex iliac artery perforator flap, verti-
cal rectus abdominis musculocutaneous flap, tensor fascia
latae muscleflap, and chimeric anteromedial thigh flapwere
used in one or two cases. Most measurements of speech
outcomes were statistically and significantly different based
on the type of flap. Although it was difficult to prove which
flap was superior in tongue reconstruction because of the
inclusion of a few cases, the radial forearm free flap showed
overall better outcomes in speech evaluation. These differ-
ences in functional outcomes between flaps should be
studied in a larger scale research.

Table 3 Correlation between flap or tumor and speech outcomes (p-value)

Outcome Flaps Recipient vessel Flap dimensions Tumor dimensions

Artery Number of vein Length Width Length Width Depth

Protrusion 0.516 0.286 0.906 0.181 0.584 0.008a 0.010a 0.002a

Retraction 0.032a 0.390 1.000 0.072 0.193 0.023a 0.004a 0.001a

Elevation 0.027a 0.002a 0.926 0.153 0.393 0.061 0.030a 0.009a

Ipsilateralization 0.172 0.266 0.945 0.314 0.422 0.343 0.274 0.206

Contralateralization 0.060a 0.018a 0.751 0.141 0.208 0.030a 0.002a 0.006a

Articulation 0.041a 0.229 0.393 0.009a 0.081 0.006a 0.011a 0.001a

Intelligibility 0.001a 0.261 0.622 0.000a 0.268 0.001a 0.001a 0.000a

aStatistically significant.
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The functional outcomes of free flap-reconstructed tongue
differed depending on the recipient artery. The superior
thyroidal and facial arteries were used as recipient arteries
in this study. Most functional movements were not signifi-
cantly different; however, elevation and contralateralization
showed statistically significant difference between the two
arteries. Usually, the pedicle of the reconstructed tongue,
anastomosed with the superior thyroidal artery, was placed
freelywithout any anatomical obstacle. Otherwise, the pedicle
anastomosed with the facial artery would have had to pass
through the lower margin of the mandible, which could have
disrupted the blood flow and mobility of the pedicle. This
hypothesis couldbesupportedby the result that thefunctional
outcomes ofmovementwere reduced inwhichwere exercised
away from the anastomosis site, such as elevation and
contralateralization.

The decision of howmany recipient veins are optimal in a
vascularized free flap is highly controversial. Many micro-
surgeons recommend double venous anastomosis if possible
because it is considered to reduce flap failure, venous
thrombosis, and the need for revision.17,18 This debate is in
progress in the field of head and neck reconstruction as well.
Lee et al claimed that two vein anastomoses achieved better
outcomes with the anterolateral thigh flap, which is one of
the workhorse flaps for head and neck reconstruction.18

Conversely, Khaja et al proved that two vein anastomoses
in head and neck free flap did not reduce flap failure rate or
postoperative venous thrombosis.19 In this study, the num-
ber of recipient veins did not have any impact on the speech
outcome after tongue reconstruction. Further large-scale
studies are warranted to verify the correlation between
the number of vein anastomosis and the functional outcome
of the free flap in head and neck reconstruction.

The dimension of the flap was an important factor for
speech outcome of tongue reconstruction. The length of the
flap was either statistically and significantly correlated or
had a tendency to affect functional outcomes, such as
retraction, articulation, and intelligibility. Most tongue
movements require ample tongue length. Thus, sufficient
length of the flap is required for that motion. Considering
this perspective, our results could be quite convincing. The
width of the flap did not have a statistically significant
impact on speech outcome. During themaximummovement
of the tongue, the vector was vertical to the width of the
tongue. This might be the reason why the length was related
with speech outcomes,not the width.

Tumor dimension was also another highly influential
factor in mobility and speech of the flap-reconstructed
tongue. All dimensions, including the length, width, and
depth of the tumor, showed statistical significance or
tendency in correlation with all speech outcomes except
ipsilateralization. Ipsilateralization was not affected by any
tumor as well as flap dimensions. Most tongue movements
widen the defect size and force the reconstructed part of the
tongue to be stretched to cover the defect. Thus, the larger
defect the tumormakes, the poorer is the outcome. However,
in ipsilateralization, as the tongue moved to the previous
defected side, the dimension of the defect would shrink the

most, and theflap placed in the defect could be relaxed. Thus,
this motion did not have a relationship with the size of the
defect after tumor resection.

This study had various great implications for surgeons
who perform tongue reconstruction. In summary, recon-
structive surgeons have to be more cautious when patients
who require tongue reconstruction had a large tumor or
underwent preoperative adjuvant therapy. Tumor severity
and irradiated operative fieldmay impact surgical outcomes.
In hemi-tongue reconstruction, the radial forearm free flap
can be considered a good option, and for recipient artery, the
superior thyroidal artery is highly recommended. The length
of the flap should be secured sufficiently in flap design for
better outcome. If the patient is scheduled for postoperative
radiotherapy, the possibility of worsening of speech outcome
has to be conveyed.

There were some limitations in this study. The resected
structures due to tumor were not classified anatomically. The
affected muscles and other soft tissues related to tongue
movementwerenot identified. These couldmake comparisons
andanalysesof theoutcomesuncertain. Inaddition, small scale
of study was another limitation. Further larger scale studies
involving the classification of affected sites are warranted.

In spite of the recent trials by reconstructive surgeons to
restore motion or sensory function of the tongue using
functional innervated flaps, the authors did not consider
any surgical technique in this study to exclude bias.20 The
authors will study and discuss about functional tongue
reconstruction in future literature.

Conclusion

Many aspects of tongue reconstruction influenced the
speech outcome. Particularly, pre and postoperative adju-
vant therapy, the type of flap for reconstruction, the choice of
recipient artery, and the dimensions of the tumor and the
flapwere factors that statistically and significantly impacted
the functional outcome of the reconstructed tongue. The
results of this study could be helpful to the surgeons per-
forming tongue reconstruction with a free vascularized flap.
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