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Objective  To investigate the factors affecting the postoperative swallowing dysfunction in patients who underwent 
oral cancer surgery.
Methods  Retrospective review of clinical records of 70 patients (50 males and 20 females) who underwent oral 
cancer surgeries from July 2007 to April 2015 were enrolled. Multiple regression analysis was performed using the 
Food Intake LEVEL Scale (FILS) at discharge as the objective variable and age, tumor size, resection of the tongue 
base, suprahyoid muscle resection, segmental mandibulectomy, neck dissection and radiation therapy as the 
explanatory variables in 70 patients. In addition, multiple regression analysis was performed between objective 
variables, which include maximum hyoid bone movement, laryngeal elevation delay time, pharyngeal constriction 
ratio (PCR), residue in the vallecular and pear-shaped depression (pyriform sinuses), and Penetration-Aspiration 
Scale score and one of the main factors representing the characteristics of each case as the explanatory variables, 
and age was treated as an adjustment factor in 23 patients.
Results  The FILS shows significant negative correlation by age and resection of the tongue base. In 
videofluoroscopic swallowing study, the maximum movement, PCR and residue in the vallecular are significantly 
correlated with factors demonstrating the characteristic for each case.
Conclusion  It was suggested that in elderly patients, the presence of more than half of the tongue base resection, 
suprahyoid muscle resection and neck dissection cause severe dysphagia after surgery.
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INTRODUCTION

Oral cancer often affects vital functions such as breath-
ing, speaking, and swallowing. Patients who undergo 
surgical treatment for oral cancer tend to incur a swal-
lowing dysfunction. The oral preparatory stage in the 
swallowing movement is affected by the resection of the 
oral tongue, which results in chewing dysfunction and 
influx to the pharynx, and can additionally affect the oral 
phase of swallowing that results in piecemeal degluti-
tion. The pharyngeal phase is affected by the resection 
of the tongue base and suprahyoid muscle, which results 
in pharyngeal residues, reduced laryngeal elevation, and 
penetration or aspiration. The swallowing dysfunction in 
these patients depends on several factors. Fujimoto et al. 
[1] reported that the main factors determining the qual-
ity of diet were age, percentage of tongue base resection, 
and method of postoperative reconstruction. Matsunaga 
et al. [2] found that patients who underwent excision of 
more than 50% of the tongue base required strict dietary 
limitations. The study by Pauloski et al. [3] indicated that 
patients who received both surgical intervention and 
postoperative radiation therapy had significantly reduced 
oral and pharyngeal swallowing performance compared 
with patients who received surgery alone.

Conversely, the videographic study by Pauloski et al. 
[4] using biomechanical analysis to clarify the pathology 
of dysphagia after surgery for oral cancer revealed that 
tongue base, pharyngeal wall, hyoid bone, laryngeal, and 
cricopharyngeal movements were significantly altered 
during the swallowing function. However, only few stud-
ies have quantitatively evaluated the swallowing function 
after oral cancer surgery.

The purpose of this study was to quantitatively investi-
gate the factors that affect swallowing dysfunction and to 
analyze the pathology of dysphagia in patients who un-
derwent surgery for oral cancer. 

MATERIALS AND METHODS

Patient characteristics
This study was approved by the Institutional Review 

Board of Kumamoto University Hospital (No.1359) and 
Kumamoto Health Science University (No.18004). After 
obtaining informed consent, all patients enrolled in this 
study. All patients who underwent oral cancer surgery 

from July 2007 to April 2015 at Kumamoto University 
Hospital and had swallowing dysfunction, were enrolled 
in this study.

Food Intake LEVEL Scale 
The swallowing function assessment included the Food 

Intake LEVEL Scale (FILS) score at discharge. The FILS 
is an assessment method reported by Fujishima and his 
colleagues [5,6] to evaluate the severity of dysphagia 
based on a 10-point scale. For this study, we collected 
information from the patients’ medical records retro-
spectively and obtained their FILS scores at discharge or 
transfer. This scale measures the degree of dysphagia in 
patients by examining the extent of oral intake of food 
every daily. Levels 1 to 3 indicate varying degrees of non-
oral intake of food. Levels 4 to 6 indicate varying degrees 
of oral food intake and alternative nutrition. Levels 7 to 
10 imply varying degrees of oral food intake (Table 1).

Videofluoroscopy examination 
Of the 70 patients who underwent oral cancer surgery 

Table 1. Food intake LEVEL scale (FILS)

No oral intake
   Level 1:  No swallowing training is performed except for 

oral care.
   Level 2:  Swallowing training not using food is per-

formed.
   Level 3:  Swallowing training using a small quantity of 

food is performed.
Oral intake and alternative nutrition
   Level 4:  Easy-to-swallow food less than the quantity of a 

meal (enjoyment level) is ingested orally.
   Level 5:  Easy-to-swallow food is orally ingested in one 

to two meals, but alternative nutrition is also 
given.

   Level 6:  The patient is supported primarily by ingestion 
of easy-to-swallow food in three meals, but al-
ternative nutrition is used as a complement.

Oral intake alone
   Level 7:  Easy-to-swallow food is orally ingested in three 

meals. No alternative nutrition is given.
   Level 8:  The patient eats three meals by excluding food 

that is particularly difficult to swallow.
   Level 9:  There is no dietary restriction, and the patient 

ingests three meals orally, but medical consid-
erations are given.

   Level 10:  There is no dietary restriction, and the patient 
ingests three meals orally (normal).
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from July 2007 to April 2015 in our institution, 23 under-
went videofluoroscopic swallowing study (VFSS) exami-
nation for severe swallowing dysfunction after surgery. 
Videofluoroscopy (VF) examination for dysphagia was 
performed using an X-ray radiography equipment (Sonial 
Vision Safire II; Shimadzu Corporation, Kyoto, Japan). 
The examination was conducted in the lateral projection 
with the patient in the sitting position. A 120% barium 
sulfate suspension (Bali Top 120; Kaigen Pharma Co. 
Ltd.) or iopamiron (Iopamiron 370; Bayer AG, Leverku-
sen, Germany) was administered as a 3–5 mm bolus in 
a cup or syringe. We undertook the following steps to 
analyze the images: First, we recorded movies of the VF 
examination in the lateral view using a Mini DV. Second, 
we connected the digital video camera containing the 
Mini DV to a personal computer with IEEE 1394 cables. 
Next, data recorded by the Mini DV were converted into 
the Audio Video Interleave format with video editing 
software wherein the data comprised 30 frames per sec-
ond. We then randomly selected 23 recoded data. Finally, 
we assessed the usefulness of the selected movies with a 
digitized video imaging software program and evaluated 
the swallowing function after the first swallowing action.

The average duration from oral cancer surgery to VF 
examination was 25.3 days (range, 6–134 days; median, 
22.0 days). The VF image analysis was performed using 
the Ditect Image Processing Products (DIPP)-Motion V 
software (DITECT Corp., Tokyo, Japan). The 23.5-mm di-
ameter coin of the calibration marker was positioned on 
the lateral neck. The five parameters were as follows.

Maximum hyoid bone movement means displacement 
of the hyoid bone between forward and upward which 
is quite essential during a healthy swallow in terms of 
airway protection and efficient bolus passage into the 
esophagus [7]. The movement would be limited with the 
degree of suprahyoid muscle resection for oral cancer 
surgery. 

Deterioration of laryngeal sensation following radiation 
therapy sometimes leads to swallowing dysfunction with 
aspiration [8]. Miyaji et al. [9] defined a laryngeal eleva-
tion delay time (LEDT) to assess laryngeal elevation itself 
during swallowing. However, sometimes, the parameter 
is examined for assessing the degree of deterioration of 
laryngeal sensation presented as the delay of the laryn-
geal elevation due to radio therapy for oral cancer. 

Leonard et al. [10] measured pharyngeal clearance in-

directly using pharyngeal constriction ratio (PCR) exam-
ined with VFSS. We used PCR in the present study, based 
on the assumption that PCR would be enhanced with 
tumor resection at the base of tongue during oral cancer 
surgery.

The fourth parameter was residue in the vallecular and 
pear-shaped depression (pyriform sinuses). Residue in 
the vallecular is associated with tongue base movement, 
and residue in the pyriform sinuses is subjected with dys-
function of the anterior laryngeal movement and crico-
pharyngeal muscle [11].

The final parameter was Penetration-Aspiration Scale 
(PAS) [12] score. The PAS was used to evaluate aspiration 
and penetration.

The method of analyzing the VF video using DIPP-
Motion V is shown in Fig. 1. The y-axis is drawn from 
the anterior and superior tips of the third cervical ver-
tebra to the anterior and inferior tips of the fifth cervi-
cal vertebra. The x-axis is drawn orthogonal to the y-
axis. The measurement point of the hyoid bone was its 
anterior lower edge. Using the anterior and inferior tips 
of the fifth cervical vertebra as the origin, the maximum 
forward and upward movements of the hyoid bone dur-
ing the swallowing reflex relative to its resting position 
were measured. The LEDT frame by frame playback of 
the 30 frames per second moving image of the side view 
was performed, and the time from when the tip of the 

30 frames/sec

Y axis

C3

C5Hyoid bone

X axis
Calibration

marker

Fig. 1. Settings of x and y axes for video analysis. C3, third 
cervical vertebra; C5, fifth cervical vertebra.
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contrast agent reached the bottom of the pear-shaped 
depression to when the laryngeal elevation reached the 
maximum position was measured. The PCR was pre-
sented as the PAmax/PAhold ratio. The PAhold was measured 
in the lateral view during the hold position. The PAmax 
was defined by the outline of the same structures during 
maximal constriction (Fig. 2). The residues in the val-
lecular and pyriform sinuses were measured by marking 
the area of the contrast agent remaining in each part of 
the vallecular and pyriform sinuses after swallowing (Fig. 
3). 

The recorded videos were rearranged randomly and 
evaluated by three speech therapists who had a mini-
mum of 5 years’ experience in the evaluation and training 
for dysphagia; the median value of the measurements by 

the three individuals was used for each evaluation item.

Statistical analysis
The intra-rater reliability of each parameter for VF ex-

amination was examined using the intra-rater correlation 
coefficient (the Spearman correlation) between each pair 
of data obtained on different days for a week. The inter-
rater reliability of each parameter was examined using an 
inter-rater correlation coefficient (the Spearman correla-
tion) between each pair of data evaluated by the three 
speech pathologists.

Multiple regression analysis as multivariate analysis 
was performed in the present study with the FILS score 
as the objective variable and factors demonstrating the 
characteristic for each case (age, tumor size, resection of 
the tongue base, suprahyoid muscle resection, segmental 
mandibulectomy, neck dissection and radiation therapy) 
as explanatory variables. We determined these using the 
actual size of a specimen removed in surgery. First, uni-
variate analysis was performed between the FILS at dis-
charge and age, tumor size, tongue base resection (none=0, 
unilateral=1, bilateral=2), suprahyoid muscle resection 
(none=0, unilateral=1, bilateral=2), segmental mandibu-
lectomy (none=0, existence=1), neck dissection (none=0, 
unilateral=1, bilateral=2), and radiation therapy (none=0, 
existence=1) using Spearman rank correlation coefficient. 
Second, a factor with a high correlation coefficient was se-
lected as the explanatory variable. Baseline variables with 
a p-value <0.20 in the univariate analysis were included 
using multiple regression analysis. Therefore, multiple 
regression analysis was performed using FILS as the objec-
tive variable and variables with a p-value <0.20 in the uni-
variate analysis as the explanatory variables.

Additionally, multivariate analysis using multiple regres-

A B

Fig. 2. Pharyngeal constriction 
ratio (PCR): (A) PAhold, (B) PAmax. 

PCR=
PAmax

PAhold

.

Fig. 3. Residues in the vallecular and pyriform sinuses. 
The areas marked with white lines were defined as the 
residues in the vallecular and pyriform sinuses.
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sion analysis was performed between the maximum hyoid 
bone movement, LEDT, PCR, residue in the vallecular and 
pyriform sinuses, and PAS score as the objective variables 
and one of the main factors representing the characteris-
tics of each case as the explanatory variables, and age was 
treated as an adjustment factor in VFSS. Moreover, statisti-
cal analysis in the present study was performed using JMP 
14.2 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Seventy patients who enrolled in this study underwent 

oral cancer surgery. The subjects included 50 males and 20 
females, with age ranging from 21 to 85 years. The primary 
tumor locations were the following: tongue in 47 patients, 

Table 2. Clinical information of the 70 patients who un-
derwent oral cancer surgeries

Variable Value
Sex

   Male 50

   Female 20

Age (yr) 64.6±12.2 (21–85)

Tumor size

   T1 6

   T2 43

   T3 12

   T4 9

Tumor location

   Tongue 47

   Floor of mouth 16

   Buccal mucosa 5

   Gingiva 2

Reconstruction procedure

   Free flap 16

      Forearm 10

      RAMC 6

   Pedicled flap 29

      PMMC 22

      LDMC 3

      PLM 4

   None 25

Radiation therapy

  Received 18

  None 52

Values are presented as mean±standard deviation (range).
RAMC, rectus abdominis musculocutaneous; PMMC, 
pectoralis major myocutaneous; LDMC, Latissimus dorsi 
musculocutaneus; PLM, platysma musculocutaneous.

Table 3. Clinical information of the 23 patients received 
videofluoroscopy examination

Variable Value
Sex

   Male 14

   Female 9

Age (yr) 65.3±11.7 (40–82)

Tumor size

   T1 0

   T2 12

   T3 5

   T4 6

Tumor location

   Tongue 12

   Floor of mouth 6

   Buccal mucosa 3

   Gingiva 2

Reconstruction procedure

   Free flap 7

      Forearm (FA) 4

      RAMC 3

   Pedicled flap 15

      PMMC 12

      LDMC 1

      PLM 2

   None 1

Radiation therapy

   Received 8

   None 15

Values are presented as mean±standard deviation (range).
RAMC, rectus abdominis musculocutaneous; PMMC, 
pectoralis major myocutaneous; LDMC, Latissimus dorsi 
musculocutaneus; PLM, platysma musculocutaneous.

Table 4. Results of the multiple regression analysis (n=70)

ββ t p-value
Age -0.297 -2.57 *

Tumor size -0.074 -0.64 0.52

Resection of the tongue base -0.356 -2.99 **

Segmental mandibulectomy -0.166 -1.48 0.14

*p<0.05, **p<0.01.
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Table 5. Results of the multiple regression analysis in VF image analysis (n=23)

Experimental variables ββ t p-value
Forward movement of the hyoid bone Tumor size -0.664 (0.411) 3.57 *** (0.0019)

Resection of the tongue base -0.135 (-0.055) -0.61 0.55 (0.6588)

Segmental mandibulectomy -0.364 (0.011) -1.77 0.09 (0.3449)

Suprahyoid muscle resection -0.285 (0.071) -1.31 0.20 (0.1834)

Neck dissection -0.429 (0.119) -2.10 * (0.1080)

Radiation therapy -0.068 (-0.069) -0.068 0.75 (0.7533)

Upward movement of the hyoid bone Tumor size -0.357 (0.057) -1.73 0.09 (0.2136)

Resection of the tongue base -0.255 (-0.013) -1.17 0.25 (0.4430)

Segmental mandibulectomy -0.300 (0.015) -1.42 0.17 (0.3282)

Suprahyoid muscle resection -0.552 (0.236) -2.89 ** (0.0260)

Neck dissection -0.331 (0.032) -1.54 0.13 (0.2780)

Radiation therapy -0.177 (-0.048) -0.81 0.42 (0.6191)

LEDT Tumor size 0.106 (0.042) 0.51 0.61 (0.2508)

Resection of the tongue base 0.391 (0.192) 2.01 0.06 (0.0456)

Segmental mandibulectomy -0.053 (0.039) -0.26 0.80 (0.2761)

Suprahyoid muscle resection 0.392 (0.191) 2.00 0.06 (0.0463)

Neck dissection 0.225 (0.083) 1.08 0.29 (0.1614)

Radiation therapy 0.101 (0.040) 0.48 0.63 (0.2539)

PCR Tumor size 0.484 (0.158) 2.48 * (0.0684)

Resection of the tongue base 0.675 (0.383) 3.96 ** (0.0030)

Segmental mandibulectomy 0.204 (-0.054) 0.93 0.36 (0.6524)

Suprahyoid muscle resection 0.262 (-0.027) 1.18 0.25 (0.5067)

Neck dissection 0.302 (-0.003) 1.39 0.18 (0.3990)

Radiation therapy 0.235 (-0.038) 1.09 0.29 (0.5629)

Residue in the vallecular Tumor size -0.041 (-0.009) -0.19 0.85 (0.9558)

Resection of the tongue base 0.435 (0.103) 2.11 * (0.1294)

Segmental mandibulectomy -0.098 (-0.086) -0.44 0.66 (0.8822)

Suprahyoid muscle resection -0.216 (-0.047) -0.97 0.34 (0.6156)

Neck dissection -0.175 (-0.086) -0.78 0.44 (0.8822)

Radiation therapy 0.347 (0.036) 1.66 0.11 (0.2666)

Residue in the pyriform sinuses Tumor size 0.318 (0.017) 1.51 0.14 (0.3240)

Resection of the tongue base 0.302 (0.002) 1.39 0.17 (0.3764)

Segmental mandibulectomy -0.097 (0.028) 1.59 0.12 (0.2881)

Suprahyoid muscle resection 0.334 (-0.084) -0.43 0.67 (0.8666)

Neck dissection -0.072 (-0.088) -0.32 0.75 (0.9025)

Radiation therapy 0.172 (-0.061) 0.79 0.44 (0.7011)

PAS Tumor size 0.094 (-0.083) 0.43 0.67 (0.8585)

Resection of the tongue base 0.038 (-0.091) -1.60 0.12 (0.9267)

Segmental mandibulectomy 0.129 (-0.075) 0.58 0.56 (0.7946)

Suprahyoid muscle resection -0.223 (-0.041) -1.00 0.32 (0.5767)

Neck dissection 0.302 (-0.087) -0.31 0.75 (0.8960)

Radiation therapy 0.235 (-0.038) -0.14 0.88 (0.5629)

The numbers in parentheses are the adjusted R2.
LEDT, laryngeal elevation delay time; PCR, pharyngeal constriction ratio; PAS, Penetration-Aspiration Scale.
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floor of the mouth in 16 patients, buccal mucosa in five 
patients, and gingiva in two patients. Forty-five patients 
underwent reconstruction of which 16 patients used free 
flap and 29 patients used pedicled flaps (Table 2).

Of the 70 patients, 23 underwent VFSS examination for 
severe swallowing dysfunction after surgery. The sub-
jects included 14 males and 9 females, with age ranging 
from 40 to 82 years (Table 3). Among the 23 patients, the 
hyoid bone was lifted to the mandible in 10 cases during 
surgery. Additionally, oral phase disorders that affected 
piecemeal deglutition were observed in all the patients. 
Nine patients presented with aspiration or laryngeal pen-
etration of which two patients demonstrated aspiration.

The intra-rater correlation coefficient of each param-
eter for the VF examination was 0.817–0.968 (p<0.0001). 
The inter-rater correlation coefficient of each parameter 
for the VF examination was 0.592–0.956 (p=0.0055 to 
p<0.0001).

Factors affecting FILS
Mean FILS value was 7.2. Baseline variables with a p-

value of <0.20 in the univariate analysis were age, tumor 
size, resection of the tongue base, and segmental man-
dibulectomy. Multiple regression analysis was performed 
using FILS as the objective variable and age, tumor size, 
resection of the tongue base and segmental mandibulec-
tomy as the explanatory variables. The FILS presented 
statistically significant negative correlation with age 
(worse in older patients) and resection of the tongue base 
(worse in patients with extended resection). The remain-
ing variables were not significant (Table 4).

VF image analysis
Although, the range of inter-rater correlation coeffi-

cients among the three raters for VF image analysis was 
somewhat wide (0.592–0.956), a significant correlation 
was observed, therefore, the median value was used as 
the value in the present study. The maximum forward 
movement of the hyoid bone was significantly influenced 
by the tumor size. The maximum upward movement of 
the hyoid bone was significantly influenced by the pres-
ence or absence of the suprahyoid muscle resection. PCR 
and residue in the vallecular were significantly influ-
enced by the resection of the tongue base. The remaining 
variables were not significant (Table 5). 

DISCUSSION

The degree of dysphagia subsequent to oral cancer sur-
gery varies by resection range and position. Studies that 
have quantitatively evaluated the pathology revealed that 
some patients can start oral intake immediately while 
others can take time to ingest; however, the cause is not 
clearly understood. It is essential to explain to the oral 
cancer patients at the preoperative stage the degree of 
dysphagia and obtain their informed consent.

Factors affecting FILS
The prototype of the FILS, which is a 10-point observer-

rating scale to measure the severity of dysphagia, has 
been widely used since 1993 without any formal reli-
ability and validity testing [5,6]. Kojima et al. [13] retro-
spectively evaluated potential prognostic factors for dys-
phagia in order to examine the feasibility of predicting 
the outcome using FILS. Wakabayashi et al. [14] assessed 
the prevalence of skeletal muscle mass loss using FILS 
and its association with swallowing function in patients 
with dysphagia after cardiovascular surgery. FILS is com-
monly used to evaluate the stage of dysphagia in patients. 
However, only few studies have evaluated swallowing 
function after oral cancer surgery using FILS.

Several previous studies have demonstrated that elderly 
people experience swallowing dysfunction caused by a 
delayed swallowing reflex and related muscle atrophy. 
Kaneko [15] showed that with advanced age, larynx pro-
lapse tends to occur, which leads to a decline in swallow-
ing function. Nishikubo et al. [16] quantitatively dem-
onstrated through videofluorographic and manometric 
examinations that the swallowing reflex was delayed 
and upper esophageal sphincter (UES) opening was im-
paired by aging. Conversely, in a quantitative analysis 
of oral and oropharyngeal resection, Pauloski et al. [17] 
identified that the degree of tongue base resection is the 
most important determinant of postoperative swallow-
ing function. Fujimoto et al. [1] indicated that tongue 
base resection of >50% is not a significant factor for oral 
intake; however, it significantly affects the composition of 
the final diet. Resection of more than half of the tongue 
base causes swallowing dysfunction in both the oral 
stage and pharyngeal stage. Overall, these studies sup-
port our present data, which indicate that at discharge, 
patient age and size of the resected tongue base after oral 
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cancer surgery are the two main parameters that deter-
mine postoperative swallowing ability when evaluated 
with FILS. However, radiotherapy of the laryngopharynx 
sometimes leads to functional disabilities including swal-
lowing dysfunction [8,18,19]. Maruo et al. [8] showed that 
laryngeal sensation was significantly reduced from 1 to 
3 month after (chemo)radiotherapy. In addition, severe 
impairments of swallowing function have been observed 
years after completion of treatment with conventional 
chemoradiation [18]. The swallowing dysfunctions are at-
tributed to mucosal and muscular inflammation, fibrosis, 
reduced saliva secretion, and deterioration of laryngeal 
sensation [19]. In consideration with these previous stud-
ies, since we conducted a short follow-up period in the 
present study, the enhancement of the late chronic phase 
of the radiation therapy, in which the main side effect is 
a swallowing dysfunction, was not studied sufficiently at 
this time. In the future, we need to investigate the effect 
of radiation therapy on the swallowing function for a long 
period (e.g., more than 5-year post-radiation treatment).

VF image analysis
In our study, the maximum forward hyoid bone move-

ment was significantly influenced by tumor size and neck 
dissection. The maximum upward hyoid bone movement 
was significantly influenced by the presence or absence 
of suprahyoid muscle resection. PCR was significantly in-
fluenced by tumor size and resection of the tongue base. 
Residue in the vallecular was significantly influenced by 
the resection of the tongue base.

Muscles involved in the hyoid bone movement include 
the geniohyoid muscle, mylohyoid muscle, stylohyoid 
muscle, and digastric muscle [20]. The morphology of 
the suprahyoid muscles suggests that based on struc-
tural properties, the geniohyoid has the most potential 
to displace the hyoid in the anterior direction, and the 
mylohyoid has the most potential to displace the hyoid 
in the superior direction [20]. This study suggested that 
the expansion of the resection range due to the large size 
of the tumors along with damage to both the geniohyoid 
and mylohyoid muscles may reduce hyoid bone move-
ment, which can consequently induce severe postopera-
tive swallowing dysfunction. 

In addition, maximum forward hyoid bone movement 
was significantly influenced by neck dissection and tu-
mor size. Ohashi et al. [21] reported that spatial analysis 

revealed significant decreases after neck dissection in the 
maximum distance of the UES opening, the maximum 
distance of hyoid bone movement in both the anterior 
and superior directions, and the maximum velocity the of 
hyoid bone movement. Neck scarring from neck dissec-
tion may affect the reduced hyoid bone movement.

It is clear that large tumor sizes increase the extent of 
resection. In this study, tumor size was influenced by 
the maximum forward hyoid bone movement and PCR. 
However, it is also important to not only consider the tu-
mor size but also the reconstruction method. Fujimoto 
et al. [1] demonstrated that eating capabilities had been 
attained by patients reconstructed with free flaps rather 
than pedicled flaps. It is essential to explore other factors 
that would enhance the reconstruction procedure in the 
future.

Another important point is the pharyngeal swallowing 
pressure. Using manometry, Leonard et al. [10] dem-
onstrated that there was a high inverse correlation be-
tween PCR (objective surrogate measure of pharyngeal 
strength) and the peak pharyngeal swallowing pressure. 
Pauloski et al. [22] demonstrated that the tongue base to 
posterior pharyngeal wall contact is essential but not suf-
ficient for effective pharyngeal clearance. Based on these 
perspectives in the previous studies, we assume that suf-
ficient duration of tongue base to posterior pharyngeal 
wall contact is critical to provide adequate pharyngeal 
bolus driving pressure. 

In the present study, we demonstrated that the maxi-
mum hyoid bone movement, PCR, and residue in the 
vallecular are statistically correlated with factors such 
as tumor size, resection of the tongue base, suprahyoid 
muscle resection, and neck dissection, demonstrating 
the characteristics of each case. The result suggested that 
rehabilitative maneuvers that would improve the hyoid 
bone mobility and strengthen the pharyngeal constric-
tion are quite beneficial after surgery. Based on the previ-
ous studies, widely accepted rehabilitative compensatory 
maneuvers to improve and strengthen the pharyngeal 
constriction are effortful swallow [23] or the Mendelsohn 
maneuver [24]. Effortful swallow requires patients to 
“swallow hard,” which improves posterior tongue base 
movement and anterior movement of the pharyngeal 
wall [23]. Conversely, the Mendelsohn maneuver, or vol-
untary prolongation of the hyolaryngeal elevation at the 
peak of the swallow, has been used to treat patients with 
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pharyngeal dysphagia for many years [24]. Additionally, 
the maneuver has been shown to increase UES opening 
duration and pharyngeal peak contraction [25], which 
would contribute to the impaired laryngeal elevation af-
ter oral cancer surgery.

Limitations of this study
First is the inconsistent bolus volume due to piecemeal 

deglutition caused by the resection of the tongue base, 
which is significantly enhanced on VF images. There are 
conflicting opinions on the positive or negative effect of 
bolus volume on the swallowing movement, especially 
considering the laryngeal elevation and the extent of 
pharyngo-esophageal segment (PES) opening increased 
by the bolus size [26,27]. Therefore, precise measure-
ment of the bolus volume, which is lacking in the present 
study, would be critical for future prospective studies. 

Second is that the patient sample is very heteroge-
neous, with very varied surgeries such as the resection of 
the tongue base, suprahyoid muscle resection, segmental 
mandibulectomy, and neck dissection, where the indica-
tion depends on the tumor extension. Therefore, such 
surgical procedure variables would have led to some 
limitations in the statistical analysis due to the heteroge-
neity of the samples. In the future prospective analysis, 
we need to unify the surgical procedure dependent on 
certain oral cancer tumor extensions.

Third is the evaluation period for the VF examination. 
In this study, the average duration from oral cancer sur-
gery to VF examination was 25.3 days (range, 6–134 days; 
median, 22.0 days). Swallowing function after oral cancer 
surgeries may be altered over time by flap volume and 
swallowing rehabilitation interventions [28]. It is impor-
tant to note that there is no evaluation in the long-term 
follow-up postoperatively. Moreover, lack of preoperative 
VFSS is surely a strong bottle neck to evaluate postopera-
tive swallowing function. This rating would be necessary 
for future prospective studies.

The last limitation is the smaller number of patients 
in each subgroup for the statistical analysis. In the pres-
ent study, we had seven factors as explanatory variables 
(age, tumor size, resection of the tongue base, supra-
hyoid muscle resection, segmental mandibulectomy, 
neck dissection and radiation therapy) representing the 
characteristics of each case. Therefore, for the multivari-
ate analysis using multiple regression analysis, we need 

at least 70 cases (10 cases at least for each parameter) 
of VFSS as the minimum ideal number for the statistic, 
despite the actual insufficient number, which is 23, in 
the present study. Therefore, multivariate analysis using 
multiple regression analysis was performed between the 
maximum hyoid bone movement, LEDT, PCR, residue in 
the vallecular and pyriform sinuses, and PAS score as the 
objective variables and one of the main factors represent-
ing the characteristics of each case as the explanatory 
variables, age treated as an adjustment factor in the VFSS. 
It is necessary to perform further analysis in a prospec-
tive manner with a higher number of patients.

Conclusion
At discharge, patient age and size of the resected tongue 

base (>50%) after oral cancer surgery are the two main 
parameters that these factors can limit postoperative 
swallowing ability when evaluated with FILS. We demon-
strated that maximum hyoid bone movement, PCR and 
residue in the vallecular are significantly correlated with 
factors demonstrating the characteristic for each case. 
These results suggested that effortful swallow or the Men-
delsohn maneuver, which strengthens pharyngeal con-
striction, might be quite beneficial for patients following 
after oral cancer surgery. Further analysis, in a prospec-
tive manner, needs to be performed with an increased 
number of patients.
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