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Introduction

Treatments for tongue cancer include surgery, 
radiotherapy, chemotherapy, and immunother-
apy. For treatment of oral cancer, the preserva-
tion of mastication, swallowing function, speech, 
and aesthetics is desired. Chemoradiotherapy, 
the standard treatment for unresectable advanced 

oral cancer, can also preserve organ integrity 
and function in resectable advanced head and neck 
cancer (HNC) [1–6].

Radiotherapy can lead to complications, such as 
oral mucositis, xerostomia, hyposalivation, taste 
disorders, and osteoradionecrosis, which can seri-
ously affect quality of life (QOL) [7]. It has been 
reported that 69% of patients who had received 

AbstrAct

background: The aim was to clarify the range of mouth opening required to minimize the development of oral mucositis 
on the palate while using a positioning stent during radiotherapy in patients with tongue cancer. A positioning stent is used 
to reduce the severity of oral mucositis; however, requirements for fabricating the device have not been standardized. In 
particular, the range of mouth opening required while using a stent to prevent radiation-induced oral mucositis has not been 
determined.

Materials and methods: We retrospectively analyzed medical records and computed tomography (CT) images of nine pa-
tients who had undergone radiotherapy for tongue cancer. Irradiation dose for the palate and range of mouth opening while 
using the positioning stent was calculated from CT images and the radiotherapy treatment planning program. 

results: The irradiation dose presented as medians and interquartile range (IQr) for the palate was 1.6 (IQr: 1.1–2.2) Gy with 
the use of the positioning stent and 37.2 (IQr: 17.5–44.1) Gy without the use of the positioning stent. The range of mouth 
opening was 19–37 [mean ± standard deviation (sD): 26 ± 5.6] mm, and it correlated with the attenuation amount of irra-
diation dose to the palate (r = 0.673, p = 0.0467). regression equation was y = 0.21x + 19.

conclusions: Our study may be useful for deriving the relationship between the attenuation amount of irradiation of the pal-
ate with the positioning stent and the amount of mouth opening required for this attenuation.
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radiotherapy for HNC experienced oral pain, 
and 23% experienced Grade 3 to 4 mucositis [8]. 
Radiation-induced oral mucositis is typically ex-
perienced after administering cumulative doses 
of 15 Gy and reaches full severity > 30 Gy [9]. Al-
though distribution of oral mucositis is predomi-
nantly associated with the distribution of radiation 
dose, non-keratinized oral tissues (i.e., buccal mu-
cosa, lateral tongue, soft palate, and the floor of 
the mouth) are more susceptible to oral mucositis 
than keratinized oral tissues [10]. 

In order to reduce the severity of oral mucosi-
tis, it is important to perform systematic oral hy-
giene management (oral care) before, during, and af-
ter radiotherapy [11, 12]. This safeguards against 
the interruption and dose reduction of radiother-
apy to some extent and improves the prognosis 
of treatment itself. However, not all radiation-in-
duced oral mucositis can be prevented by oral hy-
giene management. 

Another approach to prevent radiation-induced 
oral mucositis is by using oral devices, such as 
the positioning stent (Fig. 1), which are effective at 
excluding healthy tissue from the irradiation field 
[12–14]. Nayar et al. reported that when radiother-
apy using a positioning stent was performed in pa-
tients with HNC, there was a significant difference 
in the irradiation dose to the opposite jaw [15]. 
Verrone et al. reported on the use of a positioning 
stent during intensity-modulated radiation thera-
py (IMRT) for tongue and floor of mouth tumors 
and showed that it delayed the occurrence of se-
vere mucositis [16]. However, the requirements for 
fabricating the device have not been standardized. 
In particular, the range of mouth opening required 

while using the stent to prevent radiation-induced 
oral mucositis has not been determined. 

The objective of this study was to clarify the range 
of mouth opening required while using the po-
sitioning stent to prevent mucositis on the palate 
during radiotherapy in patients with tongue cancer.

Materials and methods

subjects
A total of 107 patients diagnosed with tongue 

cancer at Ichikawa General Hospital, Tokyo Dental 
College between April 2016 and January 2019 par-
ticipated in this study. The inclusion criteria were 
that radiotherapy was performed using a position-
ing stent, and exclusion criteria included missing 
data, interrupted treatment, upper jaw inclusion 
in the irradiation field, or irradiation to the neck 
only. Nine patients met these criteria, and their 
radiotherapy records were analyzed (Fig. 2). This 
study was approved by the ethics committee of 
the Ichikawa General Hospital, Tokyo Dental Col-
lege (I 16-07RII).

Fabrication of positioning stent
Prior to radiotherapy, positioning stents were 

fabricated for each patient by an experienced 
dentist and a dental technician as follows. First, 
the size and location of the tumors were confirmed 
by a radiation oncologist. Positioning stents were 
custom-made so that healthy tissue was exclud-
ed from the irradiation field. For larger tumors 
or tumors close to the caudal palate, the range 
of mouth opening needed for using the position-
ing stent was also larger. Impressions were taken 
of the patient’s maxilla and mandibular jaw using 
alginate impression material (Deguprint, Dentsp-
ly Sirona K.K., Tokyo, Japan), and definitive casts 
were made (NEW PLASTONE II LE, GC Corpo-
ration, Tokyo, Japan). The patients were instructed 
to hold their mouth open, and then a vinyl silicone 
impression material (EXAFINE (PUTTY TYPE), 
GC Corporation, Tokyo, Japan) was inserted be-
tween the maxillary and mandibular teeth to re-
cord the maxillomandibular relationship. The de-
finitive casts were mounted on an articulator, with 
the vinyl silicone impression material as interoc-
clusal recording materials between the dental casts. 
The positioning stent was fabricated of transpar-
ent curing silicone (Odontsil, DREVE, Germany) Figure 1. positioning stent on an articulator
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and layers were built up between the maxillary 
and mandibular casts. It held the mouth open while 
covering the dentition or alveolar ridge of the max-
illa and mandible, and positioning was tested be-
fore initiating radiotherapy. If necessary, adjust-
ments were made. When the palate was included 
in the irradiation field due to trismus, a tongue de-
pressor was used to maintain the distance between 
the tongue and palate.

radiotherapy plan
A radiation oncologist prepared the radiother-

apy plan according to the Radiation Treatment 
Planning Guideline (2016) of the Japanese Society 
for Radiation Oncology [17] and the radiotherapy 
treatment planning (RTP) program (XiO, Elekta 
AB, Sweden). First, the volume of tumor required 
for extraction was determined. Then, the gross tu-
mor volume (GTV), clinical target volume (CTV), 
and planning target volume (PTV) were calculated. 
GTV was determined by clinical findings (physi-
cal examination, palpation) and imaging findings 
(CT images, MRI images, PET images) according 
to the tumor, nodes, and metastases (TNM) clas-
sification by Unio Internationalis contra Cancrum. 
CTV was defined to include suspected tumor in-
vasion in addition to the clearly identifiable tumor. 
Sufficient doses were required to be delivered to 
GTV and CTV to obtain a curative treatment. PTV 

was determined by considering any uncertainties 
and was composed of an additional internal margin 
and set-up margin over CTV. The dose prescription 
for radiotherapy was based on reference points in 
PTV, per the International Commission Radiation 
Units and Measurements. 

Three-dimensional radiotherapy plans were 
created based on CT images. The contour of CTV 
was superposed on the CT image, and the energy 
of the treatment beam, the irradiation direction, 
the irradiation field, and dose division were de-
termined. Three-dimensional conformal radiation 
therapy (3DCRT) was performed by using a linear 
accelerator (ONCOR Impression plus, SIMENS, 
Germany). The duration of radiotherapy delivery 
was approximately 5 minutes.

Measurements
In this retrospective study, the total irradiation 

dose for the palate and range of mouth opening 
was calculated using the RTP program. This study 
defined the irradiation dose as simulative calculat-
ed dose from the RTP program rather than the ac-
tual irradiation dose recorded from the patient’s 
oral cavity.

In order to compare the effect of wearing a posi-
tioning stent, a pair of CT images for each patient 
was used in this study. One image (slice thickness: 
3 mm) was taken with the mouth closed for diag-

Figure 2. Flow diagram for subject selection

Tongue cancer patients from April 2016 to January 2019
(n = 107)

Tongue cancer patients by only surgery
(n = 95)

Tongue cancer patients by radiotherapy
(n = 12)

Excluded (n= 3):
•  missing data = 2
•  included upper jaw in irradiation field = 1
•  without the positioning stent = O

Subjects who met the criteria and were analyzed
(n = 9)
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nosis (therefore, no positioning stent was used), 
and the other (slice thickness: 3 mm) was taken 
with the mouth open using a positioning stent to 
plan the radiotherapy program. The CT images 
with and without a positioning stent were recon-
structed by the RTP program to consist of the cross 
sections that pass through the center of the tumor 
(slice thickness: 3 mm). The radiotherapy plan was 
extracted from a CT image with a positioning stent. 
Then, it was superimposed on a CT image without 
a positioning stent. To decrease the error of super-
imposing non-standardized CT images, the central 
point of the tumor in each plane and the outline 
and maximum prominence of the tumor were used 
as the reference to superimpose.

The range of mouth opening was calculated on 
a CT image of the sagittal section using the distance 
between the anterior nasal spine and menton (Me) 
with and without utilizing the positioning stent. 
The point where a line perpendicular to that con-
necting the right and left maxillary first molars in-
tersects (on the palatal surface of the coronal plane) 
was set as the measuring point (Fig. 3). Of note, 
for the patient who had lost molars, we assumed 
that their maxillary second molars were located on 

the connecting line of the outermost protruding 
point18 of the coronal plane and, therefore, set a re-
placement line parallel to it but forward by 9 mm 
(the average mesiodistal width of the maxillary sec-
ond molar18) as a means to connect the first molars. 

The total irradiation dose was calculated by mul-
tiplying the irradiation dose at the measurement 
point by the number of irradiation doses for each 
patient. Attenuation amount of irradiation dose for 
the palate was defined as the difference between 
the with and without the positioning stent used. 
Attenuation rate of irradiation dose for the pal-
ate was defined as the difference between the with 
and without the positioning stent used that divid-
ed by the irradiation dose without the position-
ing stent used. The development of oral mucositis 
and status of oral intake during the therapy were 
inferred from medical records. The worst scores for 
each patient were used. Oral mucositis was evaluat-
ed according to Common Terminology Criteria for 
Adverse Events (CTCAE) version 5.0 using each 
patient’s dental and medical records.

statistical analysis
The irradiation dose of the palate with and with-

out the use of the positioning stent was compared 
using the Wilcoxon’s signed rank test. Pearson’s cor-
relation coefficients were calculated for the range 
of mouth opening and the attenuation amount of 
the irradiation dose of the palate. A single regression 
analysis was performed with the range of mouth 
opening as the response variable and the attenua-
tion amount of the irradiation dose of the palate 
as the explanatory variable. A p-value of < 0.05 
was considered statistically significant. All statis-
tical analyses were performed with EZR (Saitama 
Medical Center, Jichi Medical University, Saitama, 
Japan), which is a graphical user interface for R 
(The R Foundation for Statistical Computing, Vi-
enna, Austria). More precisely, it is a modified ver-
sion of R Commander designed to add statistical 
functions frequently used in biostatistics19.

results

Of the nine patients analyzed, two had T2 le-
sions, three had T3 lesions, and four had T4 lesions 
according to the TNM classification. Six patients 
underwent chemoradiotherapy (CRT) as a radi-
cal treatment, three patients received radiother-

Figure 3. Computed tomography (CT) image for 
a treatment plan with a positioning stent attached. 
each color and line represents the volume of the tumor 
and distribution of the dose, respectively. The red section 
is the gross tumor volume (GTV) on CT image (r); the blue 
section is the GTV on magnetic resonance imaging (MrI) 
(B); the dark purple line is the clinical tumor volume (CTV); 
the blue line is the planning target volume (pTV). The dose 
distribution map lies outside the lines and shows that 
the irradiation dose decreases as the distance from pTV 
increases (light green: 98%, yellow: 95%, light blue: 90%)
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apy as postoperative therapy, and eight patients 
received chemotherapy. All patients completed 
CRT (Tab.  1). The median total irradiation dose 
to the tumor site in the oral cavity was 65.6 Gy. 
The range was 60–67.4 Gy.

The calculated irradiation doses for the pal-
ate are presented as medians [interquartile range 
(IQR)]. The irradiation doses for the palate were 
1.6 (IQR: 1.1–2.2) Gy with the use of the position-
ing stent, and 37.2 (IQR: 17.5–44.1) Gy without 
the use of the positioning stent. The irradiation 
dose for the palate decreased when the stent was 
used in all cases. There was a statistically signifi-
cant difference in the radiation dose to the palate 
with and without the use of the positioning stent 
(p = 0.00195) (Fig. 4).

The range of mouth opening was 19–37 
(mean ± SD: 26 ± 5.6) mm. The attenuation amount 

of irradiation dose to the palate was 3.7–55.6 Gy. 
The attenuation rate of irradiation dose to the pal-
ate was 78.7–97%. There was a moderate correlation 
between the range of mouth opening and the at-
tenuation amount of irradiation dose to the palate 
(r = 0.673, p = 0.0467). Regression equation was 
y = 0.21x + 19 (Fig. 5).

In all cases, palate and maxilla mucositis did 
not develop during the therapy period. Howev-
er, oral mucositis did occasionally develop on 
the tongue and adjacent mandibular gingiva. In 
the middle of the treatment, dietary intake data 
revealed that two patients had to change, where-

Figure 4. Irradiation dose on the palate with and without 
the use of the positioning stent
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Figure 5. Diagram showing the moderate correlation 
between the range of mouth opening and the attenuation 
amount of irradiation dose to the palate (r = 0.673, 
p = 0.0467). regression equation was y = 0.21x + 19
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table 1. Clinical characteristics of study patients with 
tongue cancer 

Variable Number

Gender

Male 5

Female 4

t stage

T2 2

T3 3

T4 4

N stage

N0 3

N1 2

N2 4

N3 0

chemotherapy

No chemotherapy 1

Tegafur/Gimeracil/Oteracil (oral administration) 1

Cisplatin (intravenous drip) 2

Cisplatin (superselective intra-arterial infusion) 5

Irradiation policy

radical irradiation 6

postoperative irradiation 3

Nutrient intake status

Ingested nutrients orally 9

relied on tube feeding 0

ctcAE

Grade 2 9

CTCAe — Common Terminology Criteria for Adverse events
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as nine patients were able to continue oral intake 
throughout the treatment and all patients complet-
ed treatment. In all cases, CTCAE 5.0 was deter-
mined to be Grade 2.

Discussion

The irradiation dose required to cause the onset 
of oral mucositis in patients with tongue cancer has 
not been reported. However, radiotherapy for treat-
ment of HNC, which includes the same stratified 
squamous epithelium as the tongue, causes harm-
ful mucosal changes at 10 Gy [20]. It has also been 
reported that oral mucositis develops when the ir-
radiation dose exceeds 15 Gy [9]. Therefore, to pre-
serve healthy tissues during radiotherapy, it is nec-
essary not to exceed 15 Gy.

Irradiation to healthy tissue decreases with 
the distance from the irradiation field. Therefore, 
the irradiation dose to healthy tissues, such as 
the maxilla and palate, can be attenuated by in-
creasing the distance as much as possible. However, 
as the number of doses increases, the extent of mu-
cositis will expand and make it difficult to maintain 
a large mouth opening during radiotherapy. In ad-
dition, nausea is also induced by anticancer drugs, 
and it is not always possible to perform radiother-
apy with the maximum opening. In this study, we 
decided to examine the minimum range of mouth 
opening necessary to suppress oral mucositis on 
the palate induced by radiotherapy.

During radiotherapy for tongue cancer, oral mu-
cositis on the adjacent floor of the mouth and man-
dibular gingiva is unavoidable, even when using 
a positioning stent, because the irradiation field 
will hit the tongue. In a previous study on patients 
with tongue and floor of mouth cancers, a signifi-
cant difference was reported in the irradiation dose 
required for the maxilla when a positioning stent 
was used [16]. Therefore, to examine the ability of 
the device to reduce the irradiation dose required, 
we also set the palate as the measurement point, 
which is surely excluded from the irradiation field 
by using the device. 

Our analyses showed a moderate positive cor-
relation between the range of mouth opening 
and the attenuation amount. This supports relat-
ed findings that by increasing the range of mouth 
opening, the distance between the tongue and pal-
ate increases and the irradiation dose decreases 

[12–14]. However, because the irradiation field 
distributes concentrically with the tumor receiv-
ing the maximum dose and the dose diminish-
ing to 0 Gy at the edge of the field, it suggests that 
the range of mouth opening does not reduce the in-
tensity of the dose beyond the irradiation field.

There has been no standard for the range 
of mouth opening via the positioning stent in pre-
vious studies. For example, one stent was made 
to open mouths to 15 mm [16] and another to 
open mouths to 75% of every patient’s maximum 
ability [15]. It has been reported that the average 
value for maximum opening in young people is 
52.02 ± 5.09 mm and 51.61 ± 8.14 mm [21, 22]. 
To open mouths to 75% of these maxima, a device 
would have to be fabricated to maintain a range 
of mouth opening of about 35 mm. There has 
been no basis reported for determining the range 
of mouth opening in other literature. 

From the results of this study, the regression 
equation with the range of mouth opening as 
the response variable and the attenuation amount 
of the irradiation dose of the palate as the explan-
atory variable was y = 0.21x + 19. If the irradiation 
doses for the palate without the positioning stent 
are calculated by the pre-irradiation simulation, 
the attenuation amount to 15 Gy which lower 
risk of developing oral mucositis can also be de-
termined. Once, the attenuation amount required 
to prevent the development of oral mucositis is 
known, the regression equation obtained in this 
study can be used to derive the required range 
of mouth opening. This may be useful for patients 
who have difficulty in opening their mouths.

Because a positioning stent was used for all pa-
tients in our hospital, it was not possible to have 
a true control group (a group in which no posi-
tioning stent was used). Therefore, we could not 
clinically evaluate the effect of wearing a position-
ing stent on the incidence of radiation-induced 
oral mucositis. Hence, we compared our irradi-
ation dose for the palate while using the device 
against irradiation doses for the maxilla without 
the use of the device, as reported in previous stud-
ies. In a study investigating whether this oral device 
attenuates the irradiation dose to healthy tissues 
in patients with tongue and floor of mouth can-
cers, the maximum irradiation dose without using 
the device was determined to be 35.8 ± 21.1 Gy 
[16]. This was significantly more than what we 
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observed, as the palatal irradiation dose when us-
ing the device was 0.4–9.6 Gy [median (IQR): 1.6 
(1.1–2.2) Gy], which was lower than that observed 
without the use of the positioning stent.

All nine patients completed treatment and were 
able to continue oral intake at the end of the treat-
ment. To date, to the best of our knowledge, no pre-
vious study has examined oral intake during radi-
ation therapy without the use of an oral device. In 
this study, the range of oral mucositis was reduced 
by the use of the device, and oral intake was consid-
ered possible during the treatment period. Based 
on that, it is considered that the use of the posi-
tioning stent played a significant role in the man-
agement of oral mucositis and oral intake during 
radiotherapy.

There are several limitations in this study. First-
ly, the total number of participants in this study 
was relatively low. Since this study is a retrospec-
tive study, the number of subjects could not be in-
creased. Secondly, the measured value in the pal-
ate was not the real value in the oral cavity, but 
the predictive value measured by the simulation 
calculated it by superimposing the treatment plan 
for each patient on each CT image for this study. 
Nevertheless, the range of mouth opening obtained 
in this study is a useful finding in the prevention of 
oral mucositis of the palate in tongue cancer.

The use of IMRT for treating HNC has been 
increasing in recent years. The positioning stent 
can be applied in IMRT because it not only stays 
in place and depresses the tongue during the ra-
diotherapy but also separates healthy and malig-
nant tissues for the ease of RTP. Future research is 
needed to consider the appropriate range of mouth 
opening when using a positioning stent in IMRT.

Conclusion

In our study, the regression equation with 
the range of mouth opening as the response vari-
able and the attenuation amount of the irradiation 
dose of the palate as the explanatory variable was 
y = 0.21 x + 19.

It was suggested that if the attenuation amount 
of the palate could be calculated by the pre-irra-
diation simulation, the required range of mini-
mum mouth opening for the positioning stent to 
prevent oral mucositis on the palate induced by ra-
diotherapy could be sought.
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