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Abstract. Surgical treatment of tumours in the anterior mandible and
surrounding tissues may result in defects which can be restored by a fibula free
flap. The upper airway may change during this process. The purpose of this
retrospective study was to evaluate upper airway changes after fibula free flap
reconstruction. A total of 37 patients who underwent anterior mandibulectomy
and fibula free flap reconstruction between 2012 and 2020 were recruited.
Patients with benign and malignant tumours involving the anterior mandible
were included. Spiral computed tomography was performed 1 week
preoperatively, 1 week postoperatively, and at> 1 year (range 12-23 months)
after surgery. Cross-sectional areas and volumes of the upper airway were
measured. Data were analysed by two-way analysis of variance. The upper
airway in the malignant tumour group showed an increasing trend, especially at
the soft palate and tongue base levels (P < 0.01). In the benign tumour group,
the upper airway showed no significant changes. The location of the minimum
cross-sectional area moved downwards in both groups, and the area increased in
the malignant tumour group during long-term follow-up. Upper airway
obstruction is less likely to occur in the long term after surgical resection of
anterior mandible malignancies and fibula free flap reconstruction.
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Table 1. Clinical characteristics of the 37 study patients: group 1, malignant tumours; group 2, benign tumours.

Location Pathology

Neck dissection (postoperative

Cases radiotherapy)

BMI (kg/m?)

TO T2 P-value

Group 1 (n = 26)

Floor of mouth  Squamous cell carcinoma

Gingiva

Mandible Adenoid cystic carcinoma
Osteosarcoma
Mucoepidermoid
carcinoma

Malignant melanoma
Group 2 (n=11)
Mandible Ameloblastoma
Odontogenic keratocyst
Ossified fibroma

Giant cell tumour

17 Bilateral: 16 (2)
Unilateral: 1 (0)

4 Bilateral: 1 (0)
Unilateral: 2 (1)
0

1 Bilateral: 1

1 Bilateral: 1

5 /

3 /

2 /

1 /

2487 £ 1.4 20.79 £ 1.8 0.007

2417 £ 1.0 2292 %13 0.14

BMI, body mass index; TO, 1 week preoperatively; T2, > 1 year after surgery.

Tumours occurring in the mandible and
surrounding anatomical structures are
commonly seen in clinical practice.
Surgical resection is one of the most
effective ways to treat this kind of dis-
ease.' However, the mandible occupies
the lower third of the face and plays an
important role in maintaining the facial
contour and function. The treatment of
these tumours may bring a series of
functional and psychological problems
to the patient, which is a difficult pro-
blem for clinicians.”

Breathing is a fundamental motor
behaviour required for life.
Maintaining airway patency is neces-
sary after treatment.” The hyoid bone is
attached to the mandible by the genio-
glossus, the geniohyoid muscle, the
mylohyoid muscle, and the anterior
digastric muscle. These anatomical
structures play an important role in
keeping the upper airway open.’

Defects of the mandible, especially the
anterior part, could lead to the loss of
genioglossus muscle attachment and
glossoptosis, which may cause upper
airway narrowing and even endanger
the patient’s life.° Most surgeons ad-
vocate for elective tracheostomy after
mandibular resection,” although this can
result in complications, such as bleeding,
airway obstruction, pneumonia, and
prolonged hospitalization.®’

The fibula free flap is one of the most
commonly used methods for mandibular
reconstruction.'’ It can be used to restore
the shape and function of the mandible
in a single stage. The maintenance of the
upper airway shape is an important ob-
jective of mandibular reconstruction.
However, few studies have reported on
upper airway volumes before and after
fibula free flap reconstruction of the

mandible,'" especially when defects are in
the anterior segment of the mandible. No
research has focused on assessing long-
term airway changes.

The purpose of this retrospective
study was to analyse the difference in
postoperative three-dimensional (3D)
airway changes at different times be-
tween patients with benign and malig-
nant tumours.

Materials and methods
Patients

The study was approved by the Ethics
Committee of Peking University School
and Hospital of Stomatology (PKUSS-
IRB-202055073). Written informed con-
sent was obtained from all patients. A
total of 37 patients who underwent an
anterior mandibulectomy and fibula free
flap reconstruction at Peking University
School and Hospital of Stomatology be-
tween June 2012 and June 2020 were re-
cruited. The range of the resection
included the area of the mandible corre-
sponding to the bilateral canines. Patients
with pathologies involving the upper
airway, a medical history of allergic rhi-
nitis, previous adenotonsillectomy, or
subjectively perceived respiratory pro-
blems were excluded from the study.
The patients were divided into two
groups based on the nature of the tumour.
Patients with malignant tumours involving
the anterior part of the mandible were
allocated to group 1; these patients un-
derwent partial removal of the tongue and
the floor of the mouth. Patients with be-
nign tumours of the mandible were allo-
cated to group 2; these patients did not
receive muscle excision. Most patients in
group 1 received a unilateral or bilateral

neck dissection depending on the nature
and location of the tumour (Table 1). All
surgeries were performed by the same
medical team. The primary goal of the
medical team was to restore the 3D shape
of the mandible according to the patient’s
pre-treatment face contour, or appropriate
facial proportions. The HCL classification
of mandibular defects proposed by Jewer
et al.'”” was used in this study. Details of
the mandibular defects caused by the
surgical resection are shown in Fig. 1.

Spiral computed tomography (CT)
scans were taken 1 week preoperatively
(T0), 1 week postoperatively (T1), and
at> 1 year (range 12-23 months) after
surgery (T2). All images were captured
using the following CT parameters: field
of view 20 cm, pitch 1.0, slice thickness
0.75mm, voltage 120V, and current
280 mA. Patients who were swallowing,
had an abnormal head position, and
those with inconformity of the cranio-
cervical angle during CT imaging were
excluded from the study. Patients were
assessed for height and weight at TO and
T2. The change in body mass index
(BMI) between these two time points
was analysed in both groups.

Three-dimensional reconstruction and
measurements of the upper airway

The three-dimensional (3D) images
obtained from the CT scans were saved
in DICOM format (Digital Imaging
and Communications in Medicine) and
reconstructed with 3D Slicer (Slicer,
version 4.11; www.slicer.org). Each
image was reoriented using the
Frankfort horizontal plane as the hor-
izontal reference plane. The upper
airway was divided into three parts by
four reference planes (Fig. 2). Cross-
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Fig. 1. Summary of the mandibular defect for each reconstructive class.

Fig. 2. Measurements of the airway volume and cross-sectional area examined in this study. (A) Section of the airway volumes and the
reference planes for the cross-sectional area. VP is the volume of the palatopharyngeal part, VG is the volume of the glossopharyngeal
part, and VL is the volume of the laryngeal part. The areas on the following reference planes were used: (B) soft palate plane (horizontal
plane through the most inferior point of the soft palate), (C) posterior tongue base plane (horizontal plane through the most posterior
point of the back of the tongue), (D) epiglottis plane (horizontal plane through the root of the epiglottis).
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Fig. 3. The upper airway volumes and cross-sectional areas at TO (preoperative), T1 (1 week postoperative), and T2 (> 1 year
postoperative) in the malignant tumour group.

sectional areas were measured at dif-
ferent levels of the upper airway in
horizontal planes (soft palate, tongue
base, and epiglottis planes). The
minimum airway cross-sectional area
and its location were determined in all
CT scans. The total volume of the
upper airway and the volume of the
palatopharyngeal, glossopharyngeal,
and laryngeal portions were measured.

Statistical analysis

The change in BMI from preoperative
to T2 after treatment was analysed by
paired z-test. The upper airway volumes
and cross-sectional areas were pre-
sented as the mean * standard devia-
tion. Two-way analysis of variance
(ANOVA) was used to analyse the
variances within the groups. The data
were analysed using GraphPad Prism
Software 8.0.1 (GraphPad Inc., San
Diego, CA, USA). P < 0.05 was con-
sidered statistically significant.

Results
Patient and clinical characteristics

A total of 37 patients were included in
this study. Their clinical characteristics
are summarized in Table 1. In the ma-
lignant tumour group, there were 21
male patients (mean age 60.08 = 10.48
years) and five female patients (mean
age 58.31 £ 15.76 years). In the benign
tumour group, there were seven male
patients (mean age 45.6 £ 17.93 years)
and four female patients (mean age
40.89 £ 16.98 years).

The most common malignant tumour
type was squamous cell carcinoma (17
patients); other types included adenoid
cystic carcinoma, osteosarcoma, mucoe-
pidermoid carcinoma, and malignant
melanoma. The most common benign
tumour type was ameloblastoma (five
patients); others included odontogenic
keratocyst, ossified fibroma, and giant cell
tumour.

The exact extent of the neck dissec-
tion was decided mainly based on the
tumour type and the preoperative
imaging examination. All patients were
intubated endonasally during surgery.
A tracheotomy was performed at the
end of the surgery.

The mean BMI of the patients in the
two groups before and after surgery are
shown in Table 1. The mean BMI in the
malignant group had decreased at T2,
and the change was statistically sig-
nificant (P =0.007). There was no sta-
tistically significant change in BMI in
the benign tumour group.

Upper airway measurements

All patients underwent fibula free flap
reconstruction after anterior mandibu-
lectomy. The cross-sectional areas at
the different levels and the volumes of
the upper airway were calculated in 3D
Slicer. The measurements obtained for
the malignant tumour group and the
benign tumour group are presented in
Fig. 3 and Fig. 4, respectively.

In the malignant tumour group, the
total volume of the airway at T2 was
19,932.5 + 7138.12 mm?>, showing a
significant increase when compared to

the volume at TO (16,164.1 £ 6162.57
mm?;, P=0.002) and T1 (16,818
+ 5946.48 mm>; P=0.014). There was
no significant change in the palato-
pharyngeal, glossopharyngeal, or lar-
yngeal airway volumes between the
different time points. However, the
palatopharyngeal and glossophar-
yngeal airway volumes showed an in-
creasing trend at T2. In the benign
tumour group, there was no statistically
significant difference in the total vo-
lume or the volumes of each segment
between the different time points.

In the malignant tumour group, the
airway cross-sectional area at the soft
palate showed a significant increase at T2
when compared to TO (P < 0.001) and
T1 (P =0.002), suggesting a widening of
the upper part of the airway. The cross-
sectional area of the airway at the tongue
base increased significantly between T1
and T2 (P =0.009). In the benign tumour
group, there was no significant change in
the airway cross-sectional area across the
three time points at any level of the
airway, except for a significant decrease
in cross-sectional area at the tongue base
level between TO and T1 which was re-
versed at T2.

The minimum cross-sectional area in
the malignant tumour group showed an
increasing trend at T2; however, this
change was not statistically significant
(P > 0.05). In the benign tumour
group, the minimum cross-sectional
area showed a decreasing trend at T1,
but then returned to the preoperative
level at T2. The location of the
minimum cross-sectional area showed a
trend of moving downwards in both
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Fig. 4. The upper airway volumes and cross-sectional areas at TO (preoperative), T1 (1 week postoperative), and T2 (> 1 year post-

operative) in the benign tumour group.

groups. Details of the minimum cross-
sectional area are shown in Fig. 5.

Discussion

There is a lack of relevant studies on the
possibility of postoperative airway ste-
nosis and even the long-term occurrence
of obstructive sleep apnoea for tumours
in the anterior part of the mandible. In
this retrospective study, CT volumes and
areas were measured for patients treated
with anterior mandibular tumour resec-
tion and fibula free flap reconstruction at
the same time. The major finding of the
current study was that significant upper
airway widening occurred in patients
undergoing anterior mandibular resec-
tion of malignant tumours and fibula free

QN

Group 1

flap reconstruction, whereas no sig-
nificant changes were noted in patients
treated in the same way for benign tu-
mours. The widening mainly involved the
palatopharyngeal and glossopharyngeal
levels.

Narrowing of the upper airway may
lead to obstructive sleep apnoea syn-
drome."” The genioglossus is the most
important muscle to keep the upper
airway open, and surgery involving the
floor of the mouth may significantly alter
a patient’s airway volume. For patients
with upper airway narrowing, surgical
intervention can reduce the stenosis of
the airway.*'* '® The increase in muscle
tension and myoelectric activity may be
an important mechanism to prevent
upper airway collapse.'” >’ In contrast,
mandibular setback, loss of muscle

Group 2

attachment, and mandibular defects can
reduce the volume of the upper airway or
even induce obstructive sleep apnoea
syndrome.”

The changes in the upper airway
after surgery are the result of many
factors. These factors can be classified
into four key domains: tumour site,
mandibulectomy, neck dissection, and
reconstruction.'” Key aspects of the
reconstruction of anterior mandible
defects are airway support and re-
storation of the facial appearance.’’
Only a few reports have summarized
the risk factors for airway changes in
such patients. Moubayed et al.'' sum-
marized factors for avoiding selective
tracheotomy after fibula flap re-
construction of the mandible: the first
was no soft tissue defects involving the

160
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Fig. 5. Bar graph showing the distribution of the minimum cross-sectional area by location and illustrating the horizontal positional
change of the minimum area over time. The line charts show the trend of the change in minimum cross-sectional area across the different

time points.
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tongue or pharynx, the second was
mandibular defects only occurring uni-
laterally, and the third was no con-
current neck dissection, especially
bilateral neck dissection. However, the
current study found that for patients
with benign tumours, even if the ante-
rior mandible defect crossed the mid-
line, there was no significant narrowing
of the airway after fibula flap re-
construction. The upper airway vo-
lumes and cross-sectional areas in the
benign tumour group did not show any
significant changes between the three
different time points, with the exception
of the cross-sectional area at the tongue
base level, which showed a significant
decrease from TO to T1. This trend was
reversed during long-term  post-
operative follow-up. These results sug-
gest that surgical resection and fibula
free flap repair of tumours in this re-
gion will not have long-term effects on
the upper airway. However, in this
study, the first postoperative CT was
taken 1 week after surgery, and the
postoperative swelling and stress re-
sponse period of the patient had al-
ready almost ended. The short-term
postoperative airway condition still
needs close attention from the surgeon.

For patients with malignant tumours
occurring in and around the anterior
part of the mandible, surgery will dis-
rupt the original genioglossus muscle
attachment and may cause glossop-
tosis. In addition, most malignant tu-
mours require simultaneous unilateral
or bilateral neck dissection, which may
lead to swelling and narrowing of the
upper airway due to blocked lymphatic
reflux.”'" The overwhelming majority
of scholars recommend active post-
operative airway management in these
patients.”” ** However, studies on long-
term airway changes in these patients
are lacking.

In the malignant tumour group, the
upper airway volumes did not show
significant reductions at 1 week after
surgery, but basically maintained the
preoperative level. More interestingly,
the total volume of the upper airway in
this group increased significantly
during the long-term postoperative
follow-up. The volumes of the different
segments of the upper airway also
showed an increasing trend. Many
factors may have led to this result.
Firstly, malignant tumours occurring at
this site require extensive surgical re-
section for radical treatment, which
requires the removal of a large amount
of the surrounding soft tissue.

Reconstruction of the mandible with a
fibula free flap is an effective way to
repair the defect. However, the amount
of muscle and skin island carried by the
flap is limited, and sometimes cannot
completely repair the soft tissue defect.
Secondly, due to the change in the lo-
cation, the muscle carried by the fibula
free flap may atrophy due to the lack of
neural electrical stimulation.”” More-
over, long-term shrinkage of the skin
island of the fibula flap may be ob-
served due to the altered micro-
environment. This process, together
with scar contracture, may pull the
tongue forward, resulting in further
opening of the airway. The cross-sec-
tional area at the palatopharyngeal and
glossopharyngeal levels had increased
significantly at T2, which was con-
sistent with the change in the airway
volume, indicating that airway en-
largement occurred at a higher anato-
mical position. The increase in airway
cross-sectional area at these levels may
be due to the forward movement of the
tongue. At the same time, the position
of the hyoid bone did not change sig-
nificantly.

The BMI is a neutral and reliable
indicator when the health effects of
obesity are needed for analysis.”® In this
study, the mean BMI of the patients in
the malignant tumour group showed a
significant decrease from TO to T2.
However, there was no significant dif-
ference in mean BMI between TO and
T2 in the benign tumour group. The
range of the surgical resection of ma-
lignant tumours is larger. At the same
time, postoperative radiotherapy, che-
motherapy, anxiety, loss of chewing
and swallowing function, and other
factors may have caused this significant
weight loss.””’ Changes in BMI may
further affect the upper airway, and
these changes are consistent with the
trend in airway changes.

This study was a single-centre retro-
spective study, which may have limita-
tions such as sample selection bias and
an insufficient sample size. The airway
changes were evaluated at three time
points: 1 week before surgery, 1 week
after surgery, and > 1 year after sur-
gery, which can better reflect airway
changes during this process. However,
airway changes during the periopera-
tive period could not be evaluated. In
addition, only the static 3D structure of
the upper airway was analysed to de-
scribe the changes in the patients, and
these analyses could not fully reveal the
changes in airway function. The

dynamic changes and subjective func-
tional changes in the airway need fur-
ther study in the future. A prospective
study that includes an analysis of
airway fluid dynamics and poly-
somnography may lead to more con-
clusive results regarding the airway
changes in these patients.

The results of this study suggest that
upper airway obstruction is less likely
to occur in the long term after surgical
resection of anterior mandible malig-
nancies and fibula free flap re-
construction.
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