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Efficacy of Low-cost Intraoral Prosthesis in the Era of Modern
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A b s t r ac t
Aim and objective: To fabricate a customized intraoral prosthesis (IOP) and determine its dosimetric, clinical, and economic impact in oral
cancer patients undergoing radiation therapy (RT).
Materials and methods: Intraoral prosthesis was made using routine chairside and laboratory techniques using alginate, dental stone, and heat
cure acrylic resin. Modifications in the IOP were made according to the specific case. Six patients with head and neck cancers (HNC) involving
either of the jaws, planned to receive either adjuvant or definitive RT with the presence of one or more risk factors of developing severe acute
radiation-induced toxicities were enrolled in this study.
Results: With the use of a customized IOP during radiation treatment, an improvement in radiation-induced oral mucositis (RIOM) was observed
from grade III to grade I. There was a significant reduction in the radiation dose received by normally involved structures of the oral cavity. The
minimal cost of the fabrication of IOP negates the cost involved in the management of severe grade RIOM and its complications.
Conclusion: Fabrication of a low-cost customized IOP in oral cancer patients undergoing RT is feasible and its use with modern techniques of
RT planning and delivery can reduce the doses to the normal tissues in the oral cavity, thereby reducing the severity of RIOM in patients with
cancers of the oral cavity.
Clinical significance: Radiation therapy has significant acute side effects like mucositis, oral ulceration, and impaired taste, which increases
morbidity leading to multiple breaks in the treatment. Also, the negative psychological impact of these side effects causes them to discontinue
the treatment, thus worsening the disease outcome. We present a study on the fabrication of a custom-made, and affordable IOP and its efficacy
in decreasing the severity of acute side effects of RT.
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I n t r o d u c t i o n
Oral cancer is the sixth most common cancer in the world and ranked
third in the Indian subcontinent. It is most commonly seen in the low
socioeconomic strata because of the tobacco chewing and smoking
habits with a trend toward higher incidence in the younger age
group. Lack of awareness regarding oral health, inadequate access
to trained healthcare providers, and the cost are significant factors
for delay in the diagnosis which consequently affects the treatment
outcome.1–3 In oral cancer, surgery is the primary treatment modality,
which is usually followed by radiation therapy (RT) with or without
concurrent chemotherapy to improve cancer-related outcomes
in locally advanced cancers.2 Radiation therapy is associated with
acute and late side effects. The common acute side effects include
oral mucositis, ulceration, and impaired taste sensation. Late effects
include xerostomia, dental caries, and osteoradionecrosis.4,5
The use of intraoral prosthesis (IOP) has been shown to reduce
the incidence and severity of radiation-induced side effects either
by shielding or displacing the uninvolved structures. It also ensures
stability and reproducibility during daily radiation treatment.4,6
Being an essential part of the multidisciplinary team of head
and neck oncology, the dentist provides complete oral evaluation
and treatment along with custom-made prostheses to the patients
to prevent radiation-induced complications.
We are presenting an original article to evaluate the efficacy
of a customized IOP in oral cancer patients undergoing RT under
the following objectives:
• To fabricate a customized IOP for a selected group of oral cancer
patients undergoing RT.
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•
•

To determine the dosimetric and clinical impact of the use of
IOP in this group.
To determine the economic impact in terms of costs and benefits
with the use of IOP.

The need of this study is necessary to prove that low-cost IOP
is efficient and helpful for a patient who is undergoing RT. This
procedure does not require expensive procedures like CAD/CAM
processing neither it uses material like lead or lithium which makes
other modes more expensive.

M at e r ia l s

and

M e t h o d s

Selection of Participants
Six patients from Shiv Cancer Institute, Miraj, were enrolled
prospectively af ter the ethical committee approval for
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randomized control trial within a period of 5 months from
June 1, 2020, to October 31, 2020, satisfying the following
inclusion criteria:
•
•

Histologically proven head and neck cancers (HNC) involving
either of the jaws, planned to receive either adjuvant or definitive
RT.
Presence of one or more risk factors of developing severe acute
radiation-induced toxicities.

Patients were referred to the dental department after
evaluation by the radiation oncologist. The dentist reviewed the
clinical details of each patient. A complete evaluation of the teeth
and surrounding tissues was performed along with any adjuvant
dental treatment necessary before the commencement of RT.
This commonly included scaling and root planing and extractions
of the compromised teeth. Two patients were referred after the
development of radiation-induced oral mucositis (RIOM), and
the remaining were seen before starting RT. Radiation Therapy
Oncology Group (RTOG) grading of mucositis was noted for patients
who were referred after the development of RIOM. Mouth opening
was assessed, and a customized IOP was fabricated according to
the needs of the patient.

Method of Fabrication of IOP
Alginate impressions of the upper and lower arches were made. The
cast was poured into type III dental stone. Bite registration was done
using modeling wax. The height of the prosthesis was determined
according to the interincisal mouth opening. In the dental lab,
the cast was mounted on a hinge articulator. The prosthesis was
fabricated using heat cure acrylic material. The patient was recalled
the following day and was placed in a supine position with the chin
elevated to simulate the RT treatment position. The fabricated

IOP was inserted and adjusted according to the patient’s comfort.
Stability and ease of insertion were confirmed. The IOP was polished
and delivered to the patient.
The patient was then referred back to the RT department, and
computed tomography (CT) simulation for RT planning was done
with the IOP in situ. Radiation treatment was planned using the
volumetric modulated arc therapy (VMAT) technique. Dosimetric
analysis of target volumes and organs at risk (OAR) was done using
a dose-volume histogram (DVH). The plan was then approved for
patient treatment by the radiation oncologist. The patients were
kept on weekly review by the RT and dental teams for assessment
of RIOM during the course of RT.

Modifications of the IOP According to the Case
Cases 1 and 2 had dentulous arches hence deviating the adjacent
normal structures away from the field of radiation. The IOP was
constructed between the premolar and first molar of both arches,
which aided in separating the lower jaw and surrounding structures
(Fig. 1A).
Cases 3 and 4 had undergone right maxillary surgical
resection. The interocclusal IOP was supported by canines and
premolars. An additional acrylic extension was added at the lower
border to depress the tongue. The tongue depressor extension
was modified according to the patient’s comfort to relieve him
from gagging (Fig. 1B). The position of the IOP intraorally can be
observed in (Fig. 1C).
Cases 5 and 6 had undergone mandibular resection. The IOP
was constructed to elevate and spare the tongue and separate the
maxillary structures (Fig. 2).
Patients were instructed to clean the IOP with soap and water
before and after use. They were also instructed to place the IOP in
a water-filled container when not in use.

Figs 1A to C: (A) IOP modified with acrylic extension to depress the tongue; (B) IOP without any modification; (C) IOP placed in intraoral position
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R e s u lts
The demographic and clinical profile of the patients included in
the study is listed in Table 1A.
The patients were followed up through their radiation
treatment process. An average inter-incisal separation of 29.7
mm was achieved using the IOP which resulted in a significant
separation between the upper and the lower jaws (Fig. 3).
Consequently, radiation treatment planning could be done by
minimizing the radiation doses to either of the jaws and adjacent
oral structures. The dosimetric details of RT plans generated for

individual cases using IOP are listed in Table 1B. The average mean
dose (Dmean)/maximum dose (Dmax)/dose received by 40% volume
(D40) of the lower lip, tongue, and palate were 24.6/46.5/24.7 Gray
(Gy), 35.3/60.9/38.6 Gy, and 10.5/22.3/10.6, respectively.
For the first two cases, the doses received by the tongue and
lower lip were compared between the plans with and without
the use of IOP (Table 1C). It was found that without the use of
IOP, the lower lip received an average excess Dmean, Dmax , and
D 40 of 21.2, 28.45, and 21.25 Gy, respectively, and the tongue
received an average excess Dmean, Dmax, and D40 of 18.4 Gy, 9.35
Gy, and 20.6 Gy, respectively. Average V40 with IOP for the lower
lip was 0 and for the tongue was 24.8%, respectively. The graph
represents the difference in the average mean values with
and without the use of IOP in the lower lip and tongue of the
first two cases.

Note
•
•
•
•

Figs 2A to D: IOP modified to elevate and place the tongue away from
the treatment area

Dmean—Mean dosage
Dmax—Maximum dosage
D40 —Dose received per 40% volume
V40 —Percentage volume receiving 40 Gy

With IOP, it was possible to maintain a constant mouth opening
throughout the course of RT, which allowed the jaws to remain
separated during treatment delivery. Radiation Therapy Oncology
Group grading of RIOM for individual cases is listed in Table 1D. With
IOP, a median RTOG grade of I was achieved. For the first two cases
wherein RT was initially started without IOP, the RTOG grading of
RIOM improved from a median grade of III to a median of grade I
after the use of IOP (Fig. 4).
Considering the material cost of alginate used for impression
making, dental stone for cast model, modeling wax for bite
registration, and laboratory charges, the cumulative expense
of the customized IOP approximated to about 2,000–3,000 INR
(approximately $28–$40) (Table 1E).

Table 1A: Demographic and clinical profile of patients
Age
Sex
Primary site

TNM stage
Risk factors for
severe RIOM

Treatment
planned

Aim of RT
Type of prosthesis provided
Inter-incisal jaw
separation

Case 1
27
Female
Left upper alveolus

Case 2
70
Male
Left upper
alveolus

Case 3
74
Male
Upper right
alveolus

Case 4
53
Male
Right upper
gingivobuccal
sulcus
Stage IV–cT4b N2
Stage IV–pT4 pN0 Stage IV–pT4 pN0 Stage IV–pT4 pN0
M0
M0
M0
M0
Concurrent
Poor oral hygiene, Poor oral hygiene, Smoker
smoker
chemotherapy
heavy smoker,
Type 2 diabetes,
and hypertension
Definitive
Definitive surgery Definitive surgery Definitive surgery
concurrent
followed by
followed by
followed by
chemoradiotherapy adjuvant radiation adjuvant radiation adjuvant radiation
therapy
therapy
therapy
Definitive
Adjuvant
Adjuvant
Adjuvant
Interocclusal IOP
Interocclusal IOP
Interocclusal
Interocclusal
IOP with tongue
IOP with tongue
extension
extension
25 mm
30 mm
30 mm
35 mm

Case 5
35
Female
Lower anterior
alveolus

Case 6
62
Male
Lower anterior lip
and alveolus

Stage IV–pT4 pN0
M0
Poor oral hygiene,
diabetes mellitus

Stage IV–pT4 pN0
M0
Chronic tobacco
user

Definitive surgery
followed by
adjuvant radiation
therapy
Adjuvant
Maxillary plate
with support for
tongue elevation
30 mm

Definitive surgery
followed by
adjuvant radiation
therapy
Adjuvant
Maxillary plate
with support for
tongue elevation
28 mm
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Fig. 3: CT image shows space between the maxillary and mandibular counterparts (26 mm) and depression of tongue with the use of IOP modified
to depress the tongue away from the treatment area
Table 1B: Average mean dose, maximum dose, dose received by 40% volume of the lower lip, tongue, and palate
Case 1
17.1
35.8
17.7
33.5
65.6
36
NA
NA
NA

Dmean (Gy)
Dmax (Gy)
D40 (Gy)
Dmean (Gy)
Dmax (Gy)
D40 (Gy)
Dmean (Gy)
Dmax (Gy)
D40 (Gy)

Lower lip

Tongue

Palate

Case 2
16.8
22.9
17.6
32.7
52.7
34.4
NA
NA
NA

Case 3
28.8
64.4
26.4
40.6
61.9
47.6
NA
NA
NA

Case 4
35.9
62.9
37
36.2
62.1
38.1
NA
NA
NA

Case 5
NA
NA
NA
37.2
62.4
39.4
17.7
39.4
17.6

Case 6
NA
NA
NA
31.5
60.8
36.1
3.3
5.2
3.5

Table 1C: Comparison of radiation dosage, before and after the use
of IOP
Lower lip

Case 1
Dmean (Gy)
Dmax (Gy)
D40 (Gy)
V40 (%)
Case 2
Dmean (Gy)
Dmax (Gy)
D40 (Gy)
V40 (%)

Tongue

Before the
use of IOP

After the
use of IOP

Before the
use of IOP

After the
use of IOP

55.5
72.1
59
99

17.1
35.8
17.7
0

59.2
72.8
66.7
97

33.5
65.6
36
31.6

20.7
42.1
20.6
0.02

16.8
22.9
17.6
0

43.7
63.9
45.2
52.4

32.7
52.7
34.4
18

D i s c u s s i o n
Surgery and postoperative RT is the most common treatment
approach for locally advanced HNC. Large primary tumors, nodal
metastasis, invasion into the perineural, lymph, or vascular tissues,
portend a high risk of loco-regional recurrence and thus are the
primary factors that dictate the use of adjuvant RT. Radiation doses
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Figs 4A to C: (A) and (B) Grade III RIOM observed on the tongue and
lower lip area after receiving radiation of 12 Gy without the use of IOP;
(C) Grade I RIOM observed at the end of the treatment (on receiving 70
Gy) with the use of IOP
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Table 1D: Mucositis grading (RTOG)
Mucositis grade before the use of
IOP (RTOG)
Mucositis grade after the use of
IOP (RTOG)

Case 1
Grade III (after 12
Gy of RT)
Grade 0

Case 2
Grade III (after 16
Gy of RT)
Grade I

Table 1E: RTOG oral mucositis scoring scales7
Grade 0
Grade I
Grade II
Grade III
Grade IV

None
Erythema of mucosa
Patchy reaction <1.5 cm, non-contiguous
Confluent reaction >1.5 cm, contiguous
Necrosis or deep ulceration, bleeding

can vary, but a total dose of approximately 60 Gy in 30 fractions
delivered over 6 weeks, is usually the norm.8,9 Radiation-induced
oral mucositis is the most common and significant adverse effect
that occurs during RT for HNC.3
Radiation-induced oral mucositis is a normal tissue injury
that starts as an acute inflammation of the oral mucosa, tongue,
and pharynx after radiation exposure. Inflammatory cells are
recruited, and inflammatory cytokines, chemotactic mediators,
and growth factors are released at these sites. Initially, hyperemia
and erythema occur during the pre-ulcer phase, with the release of
pro-inflammatory cytokines at the site of tissue injury which leads
to an epithelial phase of desquamation, basement membrane
damage, and loss of the protective barrier, resulting in ulceration.
The post-ulcerative phase varies depending on the extent of tissue
toxicity. If a secondary infection with gram-negative bacteria or
yeast occurs, it causes micro-coagulation of the vasculature, which
worsens the inflammation due to local ischemia because of the
necrotic tissue. Healing and fibrosis occurs in the final stage.10–12
Various factors like old age, female sex, decreased saliva,
malnourishment, smoking, increased serum creatinine level, and
genetic susceptibility lead to increased risk for oral mucositis.7,10 Use
of concurrent chemotherapy and altered radiation fractionation12
schedules may also increase the risk of RIOM.11,12 In this study,
severe RIOM was observed in two patients where risk factors of
smoking, concurrent chemotherapy, and chronic microvascular
diseases like hypertension and diabetes were identified. Genetic
susceptibility was suspected in one of the two patients who gave
a history of severe RIOM in a second-degree relative radiated for
oral cancer 1 year ago.
Radiation-induced oral mucositis results in decreased intake
of food and water leading to malnutrition, weight loss, electrolyte
imbalance, and septic complications which may cause an acute lifethreatening situation. It also compromises tumor-related outcomes
due to unplanned treatment interruptions. Radiation-induced oral
mucositis causes oral pain, dysphagia, an increase in the incidence
of feeding tube insertion and hospitalization, and modification
or interruption of treatment.7 In this study, the patients who had
already started RT without the use of IOP, developed grade III
mucositis, oral pain, and dysphagia which caused weight loss and
unplanned treatment breaks. The patients using prostheses from
the beginning of RT developed no such side effects and continued
their treatment without any interruption.
Retrospective studies have shown that delay in radiation
treatment can worsen cancer-related outcomes. Hence, it is of

Case 3
Nil*

Case 4
Nil*

Case 5
Nil*

Case 6
Nil*

Grade I

Grade 0

Grade 0

Grade I

utmost importance to prevent the overall treatment time delay in
patients.11 Tarnawski et al. conducted a retrospective study on 1,502
patients with oral cancer who were treated with RT alone. Ninety
percent of these patients had unplanned radiation treatment breaks
(mean a break of 9 days). They observed that during the radiation
treatment break, the clonogens are capable of proliferating three
times faster on days when no RT was given than on days when RT
was given.12
Even with advances in the RT techniques such as IMRT and
VMAT, RIOM and its complications remain to be resolved.13 Hence,
different prosthetic devices have been constructed to displace or
shield the tissues adjacent to the target, thereby assisting in the
administration of RT to reduce or eliminate the complications.14,15
The various radiation devices are constructed using common
prosthetic techniques. Prostheses used in RT in the oral and paraoral
regions have been classified by Drane and Rahn as locators, carriers,
and stents. 5 Radiation carriers, positioning stents, protecting
stents, bolus compensators, and tissue recontouring stents are the
different types of radiation stents that can be used.12,16
Radiation protection/shielding stent devices either displace or
protect the movable vital tissue away from the high-dose regions.
Position maintaining stents are used to maintain the position of
the structures precisely for multiple radiation treatment fractions.12
Tongue depressing stent is a custom-made device used for
positioning the tongue during radiation treatment. An interocclusal
stent extends lingually from both the alveolar ridges, with a flat
plate of acrylic resin that serves to depress the tongue.16,17
On conducting a PubMed search of [intraoral stents] AND
[radiation induced oral mucositis] only three results were obtained.
Only one result was obtained when we searched for [intraoral
prostheses] AND [radiation-induced oral mucositis].
In this study, we constructed an IOP to displace the lower jaw
and tongue during RT. An IOP with an acrylic extension lingually
was made for depressing the tongue away from the target volume.
Intraoral prostheses were also modified to elevate and spare the
tongue from receiving high doses of radiation in two cases where
the lower jaw was the target.
The dosimetric analysis quantifies radiation dose to various
structures within the irradiated volume. The DVH is a tool frequently
used during IMRT/VMAT to determine the exact radiation dose
distribution in the target volume and in any adjacent normal
tissues.14,18 Verrone et al. observed a decrease in the mean radiation
dose to the areas which were not included in the PTV after the use
of an intraoral stent.14 A retrospective study on 33 patients with
cancer of the tongue or floor of mouth showed a decrease in the
dose to the contralateral side, including the parotid gland with
the use of IOP.18 Significant statistical correlation between acute
mucositis grade and the V40 has been observed.19 In this study, we
have observed a significant reduction in the radiation dose to the
adjacent normal tissue structures. In the two patients where IOP was
used after the development of RIOM, we were able to demonstrate
a reduction in the doses received by the tongue and the lower lip,
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which translated into a clinical benefit in the form of resolution of
the grade III RIOM to grade I RIOM after the use of IOP.
Radiation-induced oral mucositis also has an effect on the
cost of care with an increase in the length of hospital stay and
higher inpatient costs. Depending on the grade, RIOM is found
to be associated with an incremental cost of $1,700–$6,000.7,20,21
Interruptions during the ongoing RT negatively affects the cancer
outcomes, increasing the probability of recurrences in the future.
This adds to the overall cost of treatment. It also has a negative
impact on the mental health of the patient. In our study, the cost
of the IOP was approximately $28–$40 which has been shown to
reduce the severity of RIOM thus negating the costs involved in
the management of severe grade RIOM and the complications
arising from it.
This study has been conducted on only six patients which limits
any specific inferences derived from the observations made in the
study. Dose-volume parameters were assessed to know the success
of the prosthesis However, the findings can form a basis for a larger
study to determine the effectiveness of the use of customized IOP
in reducing RIOM in the modern era of RT.

C o n c lu s i o n
Intraoral prosthesis benefits during radiation treatment by
maintaining the airway and immobilization of the oral structures
thus aids in reproducibility during the treatment and reduces errors.
Fabrication of a low-cost customized IOP in oral cancer patients
undergoing RT is feasible and its use with modern techniques of RT
planning and delivery can reduce the doses to the normal tissues
in the oral cavity thereby reducing the severity of RIOM in patients
with cancers of the oral cavity.
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