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Aim: This study aimed to assess the utility and stability of intraoral stent during intensity-
modulated radiation therapy (IMRT).

Background: The benefits of intraoral stents in radiotherapy are unclear.

Materials and methods: We analyzed 386 setup errors in 12 patients who received IMRT for
head and neck cancers without intraoral stents (intraoral stent [-]) and 183 setup errors in
6 patients who received IMRT with intraoral stents (intraoral stent [+]). All patients were
matched according to the immobilization method (masks and boards). Setup errors were
measured as the distance from the initial setup based on the marking on the skin and mask
to the corrected position based on bone matching on cone beam computed tomography.
Results: The mean interfractional setup errors in the right-left, craniocaudal,
anterior-posterior (AP), and three-dimensional (3D) directions were —0.33, 0.08, —0.25,
and 2.75mm in the intraoral stent (-) group and —0.37, 0.24, —0.63, and 2.42mm in the
intraoral stent (+) group, respectively (P=0.50, 0.65, 0.01, and 0.02, respectively). The system-
atic errors for the same directions were 0.89, 1.46, 1.15, and 0.88 mm in the intraoral stent
(=) group and 0.62, 1.69, 0.68, and 0.56 mm in the intraoral stents (+) group, respectively.
The random errors were 1.43, 1.43, 1.44, and 1.22mm in the intraoral stent (-) group and
1.06, 1.11, 1.05, and 0.92 mm in the intraoral stents (+) group, respectively.

Conclusion: Setup errors can be significantly reduced in the AP and 3D-directions by using

intraoral stents.
© 2017 Greater Poland Cancer Centre. Published by Elsevier Sp. z o.o. All rights reserved.
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1. Background

Intensity-modulated radiation therapy (IMRT) has been shown
to reduce xerostomia and improve the quality of life in head-
and-neck cancer patients.! Because IMRT plans are more
sensitive to positioning errors compared to conventional
three-dimensional (3D) treatments, geometric errors should
be taken into consideration in treatment planning or plan-
ning target volume design.” Immobilization of the head and
neck is critical to maintaining the patient’s position during
and between treatment fractions. The stability and precision
of the patient immobilization apparatus should also be con-
sidered when determining the treatment margins required for
proper coverage of the target, and for adequate protection of
normal critical tissues. To this end, thermoplastic masks have
been used regularly to improve setup accuracy.>*

Image-guided radiation therapy (IGRT) involves frequent
two- and three-dimensional imaging during the course of radi-
ation treatment to determine the isocenter coordinates and
ensure that it corresponds to the same position that was deter-
mined using the reference imaging dataset. An example of
IGRT is the combination of the cone beam computed tomogra-
phy (CBCT) dataset with the planning computed tomography
(CT) dataset.*” IGRT relies directly on the imaging modalities
utilized during planning for the reference coordinates when
positioning the patient.

Intraoral stents have reportedly been used in various
clinical scenarios, especially to reduce the mucosal dose
and prevent severe radiation-induced oral mucositis.®* It
has been reported that using a bite block can reduce 3D
variability in patient positioning during external beam radio-
therapy for head and neck tumors.®’ Additionally, the use
of intraoral stents can reduce the effects of dental alloys in
radiotherapy.’>'” In dental therapy, intraoral stents are used
in various situations including sports, anesthesia, treatment
of sleep disorders, and orthodontic treatment.’®'® These
intraoral devices are often convenient enough for daily use.
However, they have been less utilized for modern radiotherapy
purposes, including for IMRT using IGRT with CBCT, despite
their ease of use. Therefore, the benefits of intraoral stents,
particularly their stability in radiotherapy, ought to be clar-
ified. The purpose of this study was to assess the utility of
intraoral stents in minimizing interfraction errors in IMRT.

2. Materials and methods

Informed consent was obtained prior to treatment from all
individual participants included in the study. The institutional
review board of our hospital approved this retrospective study
(Approval No. 2378).

2.1.  Intraoral stent design

Prior to utilizing intraoral stents in radiotherapy for head
and neck cancers, we assessed various stent designs to
identify those that would have minimal interference with
radiotherapy. Plaster models of the patients were used to con-
struct the stents. Each stent was composed of three parts

made of polyethylene terephthalate: the maxillar, mandibu-
lar, and plate sections. We fabricated a removable maxilla and
mandible polyethylene terephthalate splint using a vacuum
former (Erkopress®). The maxillar and mandibular sections
were attached in a manner that encompassed the edge-
to-edge bite, and the plate was placed between them to
immobilize the tongue. The intraoral stent did not contain
metal to avoid radiation scattering. The stents were adjusted
by a dentist to fit the oral cavity of each patient.

2.2. Patient selection

Between November 2013 and May 2016, 18 consecutive
patients who received IMRT for head and neck tumors were
retrospectively analyzed (Table 1). All patients were matched
according to an immobilization method; masks and boards.
Twelve consecutive patients treated between November 2013
and July 2015 received IMRT without an intraoral stent (the
intraoral stent [-] group) and 6 treated from August 2015
onward used intraoral stents that were individually fitted for
each (the intraoral stent [+] group).

2.3. Radiotherapy technique

Radiotherapy was performed as previously described.?®?!
Patients were placed in the supine position and scanned using
an Aquilion LB CT unit (Toshiba, Ohtawara, Japan) while wear-
ing a thermoplastic face mask (Aquaplast RT; Q-Fix, Avondale,
PA) attached to a couch overlay device (ProBoard™ Flat Car-
bon Fiber Headboard (Q-Fix, Avondale, PA) for immobilization.
The CT images were reconstructed with a slice thickness of
2mm. The acquired CT dataset was transferred to a Xio® treat-
ment planning system (Elekta, Stockholm, Sweden) and the
volumes of interest were outlined. IMRT was administered
using volumetric modulated arc therapy, for which plans were
created using the Monaco treatment planning system (Elekta,
Maryland Heights, MO, USA) and were performed using a
Synergy® linear accelerator (Elekta, Crawley, UK).

2.4.  IGRT and image analysis

IGRT was performed as previously described.?” Daily initial
setup consisted of aligning in-room lasers with mask marks
and chest skin marks. A volumetric kilovoltage CBCT scan was
then acquired with alinear accelerator-mounted X-ray source,
XVI™ (Elekta AB, Crawley, UK). The XVI system consists of a
kV X-ray source and a detector panel mounted orthogonally
to the MV portal imager. A tube potential of 120kV and a 200°
gantry rotation (effectively a half-circle) with a small field of
view were used. The reconstructed CBCT image was with a
voxel size of 0.518 mm resolution. The planning CT imaging
data was imported into the XVI system and converted to the
same voxels using trilinear interpolations.

Images were assessed by radiation therapists, who were
blinded to this study, by fusing the CBCT scan to the plan-
ning CT scan using commercially available software before
treatment delivery in order to correct any setup errors.

Setup errors were measured as the distance from the ini-
tial set-up based on skin markings and the mask to the
corrected position based on bone matching on CBCT. Setup
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Table 1 - Patient characteristics.

Patient Sex Age (y) Primary Clinical Total doses Total
tumor stage of IMRT (Gy) number of
location (TNM)? fractions

Intraoral stent (—)

1 M 59 MS T4bN2cMO 66 33

2 F 81 MS T4aNOM1° 66 33

3 M 66 ES T4aNOMO 66 33

4 F 86 MS T4aNOMO 66 33

5 M 58 OP T2N2cMO 66 33

6 M 81 OP T3N2cMO 66 33

7 M 69 Lx T3N2cMO® 60 30

8 M 81 Lx T4aN1MO0“ 60 30

9 F 77 NC T1NOMO 70 35
10 F 71 OoC T4bNOMO 70 33
11 F 77 MS T3NOMO 66 33
12 M 81 MS T4aN1MO 66 33
Intraoral stent (+)

13 M 48 MS T4bNOMO 66 33
14 M 67 MS T3NOMO 66 33
15 M 75 ES T3NOMO 66 33
16 F 61 NC T3NOMO® 40 20
17 M 72 ES T2NOMO 66 33
18 M 31 MS T2NOMO 66 33

2 Staging was performed based on the systematic TNM classification of the American Joint Committee on Cancer (seventh edition).
b A lung nodule was later confirmed to be a metastasis after radiotherapy.
¢ Radiotherapy was performed as an adjuvant therapy after surgery; the pathological stages are shown in the table.
Abbreviations: IMRT, intensity-modulated radiation therapy; MS, maxillary sinus; ES, ethmoid sinus; OP, oropharynx; Lx, Larynx; NC, nasal

cavity; OC, oral cavity.

errors for the right-left (x, RL), craniocaudal (y, CC), and verti-
cal (anterior—posterior) (z, AP) directions were recorded in all
patients. We analyzed the available 386 and 183 setup error
distances in every direction in the intraoral stent (-) and (+)
groups, respectively. Afterwards, 3D vector setup error dis-
placements were calculated for each individual patient using
the following formula:

dsp = /d% +dj + d

where d2, d§, and d? are the setup errors in the x, y, and
z directions, respectively.?® The individual random error was
calculated as the standard deviation (SD) of all setup errors in
each patient. Population random error (o) and the distribution
of systematic errors (> ) were calculated for both the intraoral
stent (—) and (+) groups. o and ) , were calculated by using the
root-mean-square of the individual patient’s SDs and the SD
of the individual mean errors, respectively.

Raw data from CBCT images were available in 157 and 152
setups of 5 patients in each of the intraoral stent (-) and (+)
groups, respectively. The distance between the bottom of the
chin and the table on the CBCT images before error correction
was measured as ‘the chin distance’ in these images. The chin
distance measured for the planning CT was the same as that
measured in CBCT images. The differences between the chin
distance in the planning CT images and those in the CBCT
images were assessed. o0 and ) | were then calculated for each

group.

2.5.  Statistical analysis

The data are expressed as means with SDs in parentheses,
unless otherwise indicated. Data were analyzed using a two-
tailed Fisher’s test or a Mann-Whitney test. All statistical
analyses were performed using GraphPad Prism version 6.0b
(GraphPad Software Inc., San Diego, CA, USA). P-values <0.05
were considered statistically significant.

3. Results
3.1. Intraoral stent

The intraoral stent we used is shown in Fig. 1. We confirmed
that none of the materials contained metal. We designed
the device aiming to minimize contact with the gingiva and
achieve as much hollowness as possible. Initially, the part
of the stent that contacts the alveolar ridge was filled with
resin; however, this type of stent was found to absorb X-rays.
Therefore, we chose polyethylene terephthalate as the main
material and kept the device hollow in clinical practice in order
to minimize X-ray scattering.

Fig. 2 illustrates the extent of dose reduction to a normal
tongue achieved by typical use of an intraoral stent for locally
advanced maxillary sinus cancers. Intraoral stents doubled as
spacers to enable the reduction of the maximum doses, mean
doses, D1cc (doses to 1cm?) and D5cc for the normal tongue.
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Fig. 1 - Conception and design of intraoral stents at our institute. (A) Intraoral stent in radiotherapy for head and neck
cancers. We designed the device to be as hollow as possible while minimizing the area contacting the gingiva. (B) Intraoral
stents of various designs were scanned with computed tomography (CT). All examined stents are shown as high densities
in CT images. (C) CT values of intraoral stents are shown at each point. The six evaluated points of the three intraoral stents

are shown in the X axis. Numbers 1 and 2, 3 and 4, and 5 and 6 correspond to the left, middle, and right intraoral stents in
(B), respectively. The intraoral devices with greater potential for use exhibit higher CT values.
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Fig. 2 - Dose reduction for normal tissue during radiotherapy for locally advanced maxillary sinus squamous cell carcinoma
by using the intraoral stent. Isodose lines indicate 100, 95, 90, and 80% of the prescription doses in each case. The white and
gray arrows indicate the 80% doses and the surface of tongue, respectively. (A) An 86-year-old woman received radiotherapy
at a dose of 66 Gy in 33 fractions without an intraoral stent. The tongue surface was included in the isodose line of greater
than 80% of the prescription doses. The dose volume histogram (DVH) showed that the Dmax, Dlcc, and D5cc (i.e., doses
covering the maximum, 1cm3, and 5 cm? of the tongue) were 71.0, 68.8, and 67.9 Gy, respectively. (B) A 67-year-old man
received radiotherapy at a dose of 66 Gy in 33 fractions with an intraoral stent. The tongue surface was outside the 80%
isodose line. The DVH showed that the Dmax, D1cc, and 5cc for the tongue were 50.3, 35.4, and 18.6 Gy, respectively.

3.2 Setup errors

Scatter diagrams of the setup errors in the x, y, z, and 3D direc-
tions in the intraoral stent (+) and (—) groups were plotted and
are shown in Fig. 3. The displacement and variability tended
to be smaller in the intraoral stent (+) group than in the intra-
oral stent (—) group. Moreover, significant differences were
observed between the two groups in the vertical (z) direction
and 3D vector distance.

The individual random errors are shown in Fig. 4. In all
directions (x, y, z, and 3D), the individual random error was
smaller in the intraoral stent (+) group than in the intraoral
stent (—) group. The ¢ and ) for each group are shown in
Table 2 and Fig. 5. The displacement and variability were
notably smaller in the intraoral stent (+) group than in the
intraoral stent (—) group except for the y-direction of >_.

Based on the formula 2.5) " +0.70, the appropriate PTV
margins were 3.23, 4.65, 3.89, and 3.05mm for the intraoral
stent (—) group and 2.29, 5.01, 2.44, and 2.04mm for the
intraoral stent (+) group in the x, y, z, and 3D-directions,
respectively.?»?> As for the chin distance, the o and ), were
0.191 and 0.158 mm in the intraoral stent (—) group, and 0.158
and 0.165 mm in the intraoral stent (+) group, respectively.

4, Discussion

IMRT is a well-established radical treatment for head and
neck cancers, and has been shown to reduce xerostomia
and result in high locoregional tumor control rates.! Fur-
thermore, local radiotherapy with concomitant intra-arterial
infusion chemoradiotherapy performed in patients with
locally advanced sinonasal carcinomas have been reported to
produce favorable outcomes.?®?® Because IMRT requires high
precision during the course of treatment, a setup that uses a
reliable immobilization device may help reduce the physical

margins.>* Astreinidou et al. have shown that translational
and rotational random setup errors can significantly affect the
dose distribution to head-and-neck cancer patients treated
with IMRT, where the goal of treatment is for 95% of the clinical
target volume to receive 99% of the prescribed dose.?”

The roles of intraoral stents (also known as oral appliances,
mouthpieces, mouth-guards, and bite blocks) in radiotherapy
have been described in numerous reports that describe these
devices as physical spacers in the intraoral space. They are
employed to reduce the doses to normal tissues as well as
to reduce the effects of metal artifacts (dental fillings) that
can make it difficult to delineate tumors and organs-at-risk
on CT images. Radiation-induced mucositis is the most com-
mon toxicity, and can often interrupt the planned course of
treatment and significantly reduce a patient’s quality of life
during and after radiotherapy. The oral mucosa is anatom-
ically close to tumors as well as the lymph node region in
patients receiving high doses of radiation. Moreover, the dose
to the normal mucosa has been reported to be enhanced
because of radiation scattering from dental alloys, illustrating
how dental alloys can affect treatment planning and qual-
ity assurance.”®! Therefore, intraoral stents used as spacers
can prevent severe mucositis.®? In clinical practice, intraoral
stents have been manufactured from thin, hard materials and
made to fit into the upper gum. However, the ideal material
and optimal form factors for such stents are still unclear. We
assessed various designs in this study, and found that hol-
low stents made of polyethylene terephthalate were ideal for
reducing X-ray scattering with functional preservation of an
intraoral spacer.

Several studies described the benefits of intraoral stents
in terms of reducing systematic and random errors in previ-
ously used IGRT modalities.®’ Despite the observation that
intraoral stents appear to be useful in currently used IGRT
techniques, such as CBCT, the applicability of such stents is
poorly described for such modalities. In the present study, the


dx.doi.org/10.1016/j.rpor.2017.03.002

REPORTS OF PRACTICAL ONCOLOGY AND RADIOTHERAPY 22 (2017) 310-318 315

A 10 B
51 . ALl
—_ an"an —_ Mgy i sanad
E :::::--.-..:..-.--::::: a A L A A E
é (1 e o PO ™™ W O é ......
_cx nans _"::::_ll ‘AAAAAAAAAAAAA -°>' AAAAAAAAAAA
5 W AA A, ad
'1 C T 1 '1 c T L]
\\h \\x\ \\h \\X\
& & & &
& & & el
> > > >
Q‘ (0' o( (b
> 2O 2 )
N < & &
& & A\ A\
c 10+ D 10+
8- .
5-
E E 6+
é 0 g A Aa
x g 4
© o Adaag, A Laaa
-5= e
. 2 b
'::'.':'.:;::.:;;';:'-'-"-' Aaay v 4
-10 T T 0 T T
\‘\ﬁ \\x\ &\x \\x\
N N O
e & & &
s & & &
> > > >
o 4 &S '
< ’bo > ,bO
¢ & & &
¢ & & &

Fig. 3 - Distances of setup errors in all fractions. In each direction, a total of 386 and 183 setup errors in the oral stent ()
and (+) groups are plotted into scatter diagrams. (A) The interfractional setup errors of the x-direction (dx). The mean
distances with standard deviations (SDs) were —0.33 & 1.63 and —0.37 + 1.19 mm in the oral stent (-) and (+) groups,
respectively (P=0.499). (B) The interfractional setup errors of the y-direction (dy). The mean distances with SDs were
0.075+1.97 and 0.24+ 1.92 mm in the oral stent (—) and (+) groups, respectively (P=0.645). (C) The interfractional setup
errors of the z-direction (d;). The mean distances with SDs were —0.25 +1.79 and —0.63 & 1.20 mm in the oral stent () and
(+) groups, respectively (P =0.009). (D) The interfractional setup errors of the 3D-direction (d3p). The mean distances with SDs
were 2.75+1.53 and 2.42 + 1.08 mm in the oral stent (—) and (+) groups, respectively (P=0.022).

Table 2 - Random and systematic errors.

Direction Intraoral stent (—) Intraoral stent (+)
o (mm) n=386 n=183
X 1.432 1.064
y 1.428 1.109
z 1.440 1.050
3D 1.224 0.919
> (mm) n=12 n=6
X 0.892 0.616
y 1.458 1.693
z 1.152 0.683
3D 0.876 0.559

Abbreviation: 3D, three-dimensional.
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Fig. 4 - Individual random errors in the two groups. Individual random errors for patients were plotted into scatter
diagrams. In each direction, 12 and 6 patients in the oral stent () and (+) groups are plotted. (A) In the x-direction, the
individual random errors were 1.339 +0.530 mm and 1.038 + 0.256 mm in the oral stent (-) and (+) groups, respectively
(P=0.319). (B) In the y-direction, the individual random errors were 1.367 £ 0.431 mm and 1.043 £ 0.414 mm in the oral stent
(-) and (+) groups, respectively (P =0.145). (C) In the z-direction, the individual random errors were 1.348 + 0.530 mm and
1.014 + 0.301 mm in the oral stent (-) and (+) groups, respectively (P=0.277). (D) In the 3D-direction, the individual random
errors were 1.172+0.370 mm and 0.904 +0.181 mm in the oral stent (—) and (+) groups, respectively (P=0.081).

setup errors of IMRT for head and neck cancers were signifi-
cantly reduced by employing stents, which is consistent with
previous reports.® !

This study has several limitations. The utility of the intra-
oral stent, as well as the setup errors, were demonstrated in a
limited number of patients, this can cause bias in the results of
a retrospective study such as this. Moreover,  © was reduced
by using the intraoral stent in the x- and z-directions but not
in the y-direction; we posit that the stability of the aperture
was less affected by errors in the y-direction than in other
directions. Another limitation was the heterogeneous patient
population and the variety of primary tumor sites. However,

all patients were treated with IMRT and were well-matched
according to the immobilization method. Moreover, we ana-
lyzed most fractions in all eligible patients to improve the
reliability of the data. However, o was obviously smaller in
the oral stent (+) group in all three directions than in the oral
stent (—) group; therefore, our data constitute strong evidence
that using the intraoral stent can indeed contribute to error
reduction for the duration of radiotherapy. In order to further
clarify the roles of intraoral stents in IMRT, an additional multi-
institutional clinical study ought to be conducted in a larger
number of homogeneous patients that focuses on the pri-
mary tumor site, stage, and radiotherapeutic setting. A third
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bars) show less random and systematic errors than those in the intraoral stent (—) group (gray bars).

limitation is that this study does not account for intrafrac-
tional uncertainty. However, the advantage of using the
intraoral stent is clear with respect to dose as well as to
treatment duration. Oita et al. described the reduction of
intrafractional uncertainty by intraoral stents with three
gold markers by using their real-time tumor tracking radio-
therapy system.” Because the intraoral stent can reduce
doses to organs-at-risk despite being a relatively non-invasive
device, there is less ethical justification for performing further
prospective trials in randomized settings. Lastly, our study did
not address the prognostic benefit of this device or any reduc-
tion in the severity of radiation-induced mucositis. There are
only limited reports describing the clinical benefits of using
intraoral stents for the treatment of head and neck cancer in
terms of adverse events.®

There are also potential pitfalls when using intraoral
stents; these include dislocation of the mouthpiece, calcu-
lations for neck movements not being commensurate with
head movements, drawbacks due to the presence of metallic
artifacts (i.e., dental alloys), and additional irradiation to the
mucosal surface required at the point of the stent’s contact
during head and neck irradiation.

5. Conclusion

The use of intraoral stents significantly reduces setup errors in
IMRT for head and neck cancers. Our data warrant conducting
a prospective clinical trial in order to determine the optimal
intraoral stent design in terms of utility and strength.
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