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Abstract 
Purpose: Swallowing function was in a patient with tongue cancer that was 
evaluated with video fluorography before and after subtotal glossectomy and 
reconstruction with a rectus abdominis muscuocutaneous flap. Materials and 
Methods: A 41-year-old man underwent subtotal glossectomy and retained 
the unilateral posterior mylohyoid and unilateral stylohyoid muscles. The 
structure of the flap was evaluated postoperatively. To assess swallowing 
function, video fluorography was performed before surgery, 1 month after 
surgery and 1 year after surgery. Testing involved 1) ability to hold 10 mL of 
liquid in the oral cavity, 2) epiglottis turnover, 3) the presence of aspiration, 
4) hyoid bone movement, and 5) maximum width of the esophageal entrance. 
Results: The flap was protuberant postoperatively. The patient was able to 
hold the test diet in the oral cavity before and after surgery. Epiglottis turno-
ver was good before surgery but insufficient after surgery. Aspiration during 
swallowing was not observed before or after surgery. At rest, the hyoid bone 
sagged postoperatively, in comparison with preoperatively. Hyoid bone 
movement and width of the esophageal entrance decreased after surgery; 
however, they demonstrated gradual recovery. Conclusions: For good post-
operative swallowing function after subtotal glossectomy, it is necessary to 
perform reconstruction with protuberant flap and to retain the suprahyoid 
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muscles as much as possible. 
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1. Introduction 

It is important for reconstructive surgeons to evaluate swallowing function in 
patients with tongue cancer who have undergone glossectomy and flap recon-
struction. We were interested in a reconstructive method that would preserve 
swallowing function in patients who had undergone more than hemiglossectomy 
[1] [2] [3]. We previously reported on postoperative swallowing function in 
patients who had undergone subtotal glossectomy and reconstruction with a 
rectus abdominis musculocutaneous flap [4]. We suggested that for good post-
operative swallowing and hyoid bone movement after subtotal glossectomy, it is 
necessary to perform reconstruction with a flap that has sufficient volume and to 
retain the bilateral stylohyoid muscles [4]. However, we had never evaluated 
preoperative and postoperative serial swallowing function in patients who un-
derwent subtotal glossectomy and reconstruction with a rectus abdominis muscu-
locutaneous flap. Therefore, our aim was to evaluate preoperative and postopera-
tive swallowing function in a patient after such reconstruction. In this study, swal-
lowing function was evaluated with video fluorography in a patient with tongue 
cancer before and after subtotal glossectomy and reconstruction with a rectus 
abdominis musculocutaneous flap. 

2. Patients and Methods 
2.1. Patient 

The patient was a 41-year-old man with a diagnosis of squamous cell carcinoma 
of the tongue on the left side (T4N0M0). The patient underwent subtotal glos-
sectomy and reconstruction with a rectus abdominis musculocutaneous flap at 
Kindai University Hospital, Osaka in 2008. Table 1 lists the details of the surgic-
al procedure. With regard to preservation of the suprahyoid muscles, the patient 
retained the unilateral posterior mylohyoid and unilateral stylohyoid muscles 
(Table 1). Hyoid bone suspension was not performed (Table 1). Postoperatively,  

 
Table 1. Characteristics of a patient who underwent subtotal glossectomy and recon-
struction with rectus abdominis musculocutaneous flap. 

Age Gender 
Neck  

dissection 
Conserved  
tongue area 

Conserved suprahyoid muscles 
Hyoid bone 
suspension 

41 Male 
Bilateral 

conservative 
Unilateral basal 

tongue (right side) 
Unilateral mylohyoid (Posterior) 

Unilateral stylohyoid 
None 
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the patient did not receive chemotherapy or radiation therapy. 

2.2. Evaluation of Swallowing Function 

1) Postoperative flap structure 
We evaluated the structure of the flap both 1 month and 1 year after surgery. 

The flap could be classified as protuberant, semiprotuberant, flat, or depressed 
[5]. 

2) Video fluorography 
Swallowing function was evaluated with video fluorography before surgery, 1 

month after surgery, and 1 year after surgery. In the test, the following items 
were evaluated with a 10 mL of liquid: a) holding the liquid in the oral cavity, b) 
epiglottis turnover, c) aspiration, d) hyoid bone movement, and e) maximum 
width of the esophageal entrance. 

To examine the extent of hyoid bone movement (Figure 1, and Figure 2) and 
the maximal widening of the esophageal entrance (Figure 3), the method of 
Matsunaga et al. [4] [6] was used. Points A and B represented the lower and up-
per borders of the fourth cervical vertebra, respectively. Points C and 
C′represented the hyoid bone at rest and at the highest elevation, respectively. 
Then the distance from point A to point C (line AC) and the distance from point 
A to point C′ (line AC′) were measured (relative to the height of the third cer-
vical vertebra, which on a lateral image was set as 10.0). Angles BAC and BAC′ 
represented the angles when the hyoid bone angle was at rest and at the highest 
elevation, respectively (Figure 1). Figure 2 shows the method of assessing the 
extent of hyoid bone movement. The Y-axis was parallel to the line from point A  

 

 
A: Lower edge position in fourth cervical vertebra; B: Upper edge position in fourth cervical vertebra; 
C: Hyoid bone position at rest; C’: Hyoid bone position at highest elevation; AC: Distance of point C 
from point A (the longitudinal length of the three cervical vertebra on lateral images was established 
as 10.0); AC’: Distance of point C’ from point A (the longitudinal length of the three cervical vertebra 
on lateral images was established as 10.0); Angle BAC (˚): The angle of hyoid bone at rest; Angle 
BAC’ (˚): The angle of hyoid bone at highest elevation. 

Figure 1. Position of hyoid bone (Matsunaga K et al., 2004, 2017). 

https://doi.org/10.4236/ss.2019.108029


K. Matsunaga et al. 
 

 

DOI: 10.4236/ss.2019.108029 274 Surgical Science 
 

 
X-axis: Perpendicular line of line BA; Y-axis: Line that links point BA; C:Hyoid bone point at rest; C’: 
Hyoid bone point at highest elevation; CC’: Distance of hyoid bone movement (the longitudinal 
length of the three cervical vertebra on lateral images was established as 10.0); Angle C’CX (˚): Angle 
of hyoid bone movement (CX: Parallel line of the X-axis). 

Figure 2. Assessment of the hyoid bone movement (Matsunaga K et al., 2017). 
 

 
Double arrow: Degree of maximal widening of the esophageal entrance during swallowing (the lon-
gitudinal length of the three cervical vertebra on lateral images was established as 10.0). 

Figure 3. Degree of maximal widening of the esophageal entrance (Matsunaga K et al., 
2004, 2008, 2017). 

 
to point B (line AB), and the X-axis was perpendicular to line AB (Figure 2). 
Line CC’ represented the distance between the position of the hyoid bone at rest 
and its position at the highest elevation in relation to the height of the third cer-
vical vertebra set, as 10.0 (Figure 2). Angle C’CX was the angle of hyoid bone 
movement (Line CX was a line parallel to the X-axis) (Figure 2). 
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Figure 3 shows the method of assessing the maximum width of the esopha-
geal entrance [4] [6] [7]. The maximum width of the esophageal entrance was 
measured during swallowing in relation to the height of the third cervical verte-
bra (Figure 3). 

3. Results 

1) Postoperative flap structure 
Figure 4 shows the intraoral appearance 1 year after surgery. The flap had a 

protuberant structure postoperatively. 
2) Video fluorography 
Table 2 shows the results of testing for ability to diet hold the liquid in the 

oral cavity, for epiglottis turnover, and for the presence of aspiration. 
1) Holding the liquid in the oral cavity 
Both before and after surgery, the patient was able to hold the liquid in the 

oral cavity, and flow of the liquid into the pharynx was not observed (Table 2). 
2) Epiglottis turnover 
Epiglottis turnover was good before surgery, however, postoperative epiglottis 

turnovers were insufficient (Table 2 and Figure 5). 
3) Aspiration 
Aspiration during swallowing was not observed before or after surgery (Table 

2 and Figure 5 and Figure 6). 
(4)Hyoid bone movement 
The position of the hyoid bone at rest before surgery was different from that 

after surgery (Table 3 and Figure 6). The preoperative and postoperative posi-
tions of the hyoid bone at the highest elevation, however, were different (Table 3, 
Figure 5). The distances of hyoid bone movement before surgery, 1 month after  

 

 
Figure 4. Flap structure 1 year postoperatively The flap had a protuberant structure. 

 
Table 2. Findings on video fluorography. 

Period 
Ability to hold the test food  

in the oral cavity 
Epiglottis turnover Aspiration 

Preoperative 

Postoperative, 1 month 

Postoperative, 1 year 

Good 

Good 

Good 

Good 

Insufficient 

Insufficient 

None 

None 

None 
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Figure 5. Hyoid bone position at highest elevation. (a) Preoperative view; (b) Postoperative view, 1 month; (c) Postoperative 
view, 1 year. 

 

 

Figure 6. Hyoid bone position at rest. (a) Preoperative view; (b) Postoperative view, 1 month; (c) Postoperative view, 1 year. 
 

Table 3. Data for calculation of hyoid bone position. 

Period Position of hyoid bone at rest 
The position of the hyoid bone at 

highest elevation 

 AC Angle BAC (˚) AC’ Angle BAC’ (˚) 

Preoperative 

Postoperative, 1 month 

Postoperative, 1 year 

28.4 

29.3 

28.4 

69.2 

77.0 

77.5 

39.4 

34.9 

36.2 

59.2 

71.5 

70.4 

AC: Distance of point C from point A (the longitudinal length of the three cervical vertebra on lateral im-
ages was established as 10.0); AC′: Distance of point C′ from point A (the longitudinal length of the three 
cervical vertebra on lateral images was established as 10.0); Angle BAC (˚): The angle of hyoid bone at rest; 
Angle BAC′ (˚): The angle of hyoid bone at highest elevation. 

 
surgery and 1 year after surgery were 12.3, 6.7, and 8.6, respectively (Table 4). 
The angles of hyoid bone movement in anterior and upward directions before 
surgery, 1 month after surgery and 1 year after surgery were 53.8, 50.0 and 46.1 
degree, respectively (Table 4). After surgery, the hyoid bone at rest sagged, in 
comparison with its preoperative position at rest (Figure 7). The hyoid bone  
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Table 4. The extent of hyoid bone movement. 

Period CC’ Angle C’CX(˚) 

Preoperative 

Postoperative, 1 month 

Postoperative, 1 year 

12.3 

6.7 

8.6 

53.8 

50.0 

46.1 

CC’: Distance of hyoid bone movement; Angle C’CX: The angle of hyoid bone movement. 
 

 

Figure 7. The extent of hyoid bone movement. 
 

demonstrated less movement after surgery than before surgery (Figure 7). 
However, the hyoid bone movement increased 1 year after surgery (Figure 7). 

5) Maximum widths of the esophageal entrance 
The maximum width of the esophageal entrance before surgery, and 1 month 

after surgery and 1 year after surgery were 9.9, 6.3 and 7.8, respectively (Figure 
8). Postoperative maximum widths of the esophageal entrance were smaller than 
the preoperative widths. However, maximum width of the esophageal entrance 1 
year after surgery increased somewhat (Figure 8). 

Swallowing function in the patient remained good 3 years postoperatively. 
Moreover, till the time of drafting, the patient the patient has survived without 
recurrence or metastasis. 

4. Discussion 

It is important to improve postoperative swallowing function after glossectomy 
and reconstruction of the tongue [1] [2] [3]. We previously investigated swallowing  
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Figure 8. Maximal widening of the esophageal entrance. (a) Preoperative: 9.9 (Double arrow); (b) Postoperative, 1 month: 6.3 
(Double arrow); (c) Postoperative, 1 year: 7.8 (Double arrow). 
 

function in patients who had undergone subtotal glossectomy and reconstruc-
tion with a rectus abdominis musculocutaneous flap 3 years postoperatively [4]. 
However, we had never evaluated preoperative and postoperative swallowing 
function, serial change in hyoid bone movement, and width of the esophageal 
entrance in patients who underwent subtotal glossectomy and reconstruction 
with a rectus abdominis musculocutaneous flap. In this study, we undertook this 
evaluation. 

4.1. Association between Flap Structure and Swallowing Function 

After subtotal glossectomy, it is important to reconstruct the large defect with an 
appropriate flap to improve or maintain postoperative swallowing function. We 
previously reported that for good postoperative swallowing after subtotal glos-
sectomy, it is necessary to perform reconstruction with a flap that has sufficient 
volume [4]. Kimata et al. [5] suggested that protuberant and semiprotuberant 
flaps demonstrated better postoperative swallowing function than did flat or de-
pressed flaps; therefore, the large tongue defect should be reconstructed with the 
wider and thicker flaps. Chang et al. [8] suggested that defects after subtotal or 
total glossectomy should be reconstructed with a thicker and bulkier flap to op-
timize postoperative speech and swallowing function. The patient in this study, 
who had undergone reconstruction of a flap with sufficient volume, demon-
strated good ability to hold liquid in the oral cavity after surgery, and flow of liq-
uid into the pharynx was not observed after surgery. These findings demonstrate 
the necessity of reconstruction of a protuberant flap for good postoperative 
swallowing after subtotal glossectomy. Some authors [8] [9] have suggested that 
functional reconstruction of a flap with both sensory and motor innervation can 
result in better postoperative swallowing outcomes after subtotal glossectomy. In 
the future, we hope to examine functional reconstruction of tongue defect with 
innervated flaps. 
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4.2. Association between Hyoid Bone Movement  
and Swallowing Function 

With regard to the association between resection of the suprahyoid muscles and 
hyoid bone movement during swallowing, Fujimoto et al. [10] suggested that the 
hyoid bone movement deceased significantly after resection of the suprahyoid 
muscles. We reported that after bilateral resection of the anterior and posterior 
bellies of the digastric, mylohyoid, geniohyoid, and hyoglossus muscles, the for-
ward and upward movement of the hyoid bone was impeded [11]. However, the 
degree of the hyoid bone movement during swallowing had not been quantita-
tively evaluated. Therefore, we evaluated postoperative swallowing function in 
patents who underwent subtotal glossectomy and reconstruction with a rectus 
abdominis musculocutaneous flap [7]. We found that in patients who have un-
dergone subtotal glossectomy and bilateral neck dissection-, the extent of hyoid 
bone muvement was definitely smaller than that in patients after only unilateral 
neck dissection [4] [6]. However, we had not quantitatively evaluated changes in 
hyoid bone movement before and after surgery. In this study, we evaluated 
change in hyoid bone movement and width of the esophageal entrance in a pa-
tient who underwent subtotal glossectomy and bilateral neck dissection. The po-
sitions of the hyoid bone at rest were lower after surgery than before surgery be-
cause almost all of the bilateral suprahyoid muscles had been resected without 
hyoid bone suspension. Furthermore, hyoid bone movement and width of the 
esophageal entrance decreased after surgery; however, they demonstrated gra-
dual recovery, which may have been a result of strengthening of the retained su-
prahyoid muscles and compensatory reinforcement of the infrahyoid muscles. 

The limitation of this study is that it is a case report; more cases like this 
should be studied. Furthermore, a comparative study analyzing swallowing 
function based on hyoid bone suspension in patients who have undergone sub-
total glossectomy is needed. 

5. Conclusion 

In a patient with tongue cancer who underwent subtotal glossectomy and recon-
struction with a rectus abdominis musculocutaneous flap, swallowing function 
evaluated with video fluorography before and after the surgery, our findings 
showed that for good postoperative swallowing function and hyoid bone movement 
after subtotal glossectomy, reconstruction should entail the creation of a protube-
rant flap, and the suprahyoid muscles should be retained as much as possible. 
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