
Vol. 133 No. 6 June 2022
Impact of different fi
xed dental prostheses on radiation
dose in helical tomotherapy as measured with metal oxide

semiconductor field-effect transistor dosimetry

Songul Barlaz Us, PhD,a Ayse Seda Ataol, PhD,b and Gulfem Ergun, PhDc
Objective. This ex vivo study evaluated the effects of different fixed dental prostheses and protective materials on scattered radia-

tion during radiation therapy (RT).

Study Design. Natural teeth (group NT) and 4 types of prostheses (group BL: bilayer lithium disilicate glass-ceramic; group MZ:

monolithic zirconia ceramic; group BZ: bilayer zirconia-based all ceramic; and group BM: bilayer metal-ceramic restorations)

were examined in maxillary and mandibular arch phantoms. All groups were divided into 3 subgroups: (1) without protective

material over the prostheses; (2) protected with a soft acrylic night guard; and (3) protected with polyvinylsiloxane putty. All

groups were irradiated with helical RT at 2 Gy and 6 MV photon energy. Doses were measured internally and externally 3 times

on each phantom. Results were significant at P < .05.

Results.No statistically significant differences in doses were found between groups NT and BL in either phantom, but these groups

were different from the others. The differences between groups BZ and MZ were insignificant. Doses in group BM were signifi-

cantly larger than all other groups. No significant differences existed between doses with and without protective material.

Conclusions. Doses increased significantly due to scattered radiation from the prostheses with increasing material density. Protec-

tive materials had no significant effect on dose. (Oral Surg Oral Med Oral Pathol Oral Radiol 2022;133:716�724)
Oral cancer, which includes cancer of the lips, tongue,

cheek, floor of the mouth, hard and soft palates, sinus,

and pharynx, is the 11th most common malignancy in the

world.1 It can be life threating if not diagnosed and

treated early.2 Radiation therapy (RT) is a common treat-

ment method for head, neck, and oral cancer.3 RT, in

addition to surgical procedures and chemotherapy, may

cause distinct functional impairments of the oral cavity.4

Patients undergoing head, neck, and oral RT frequently

have severe mucositis.5 Oral mucositis caused by RT usu-

ally occurs at 3 to 4 weeks of treatment and in 100% of

patients undergoing altered fractionation RT.6

Mucositis occurs more often near teeth with alloy

restorations or metallic dental prostheses because of

radiation dose enhancement.7 When radiation passes

from soft tissue into metal with high atomic number

materials, secondary electrons are removed from the

metal, causing backscatter.8,9 This effect, electron

equilibration, can result in overdose and causes both

severe localized mucositis and hard tissue complica-

tions such as osteoradionecrosis.8,10

Different restorative materials with high atomic

numbers are used in dental treatment.11 The high
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atomic number and density of some dental materials

can cause inaccuracies in calculating dose distribution

in RT.12 These inaccuracies can lead to large errors in

dose calculation and can affect a patient’s treatment

and quality of life.12,13

The materials used in prosthetic dentistry have

evolved over the past few decades from metal alloys to

ceramics.14 Ceramic materials have been used more

often due to increased demand for more esthetic, metal-

free, and biocompatible restorations. Bilayer lithium disi-

licate, monolithic zirconia feldspathic ceramic, bilayer

zirconia-based all ceramic, and bilayer metal cobalt-

chrome ceramic restorations with different densities

have high success rates.11 Because both the tumor and

dental restorations are exposed in the irradiation field

during RT, restorative materials for oral cancer patients

should be selected carefully to avoid radiation-induced

complications.15 Although removal of the restoration to

prevent scattering in patients who will undergo RT may

be considered, this approach is expensive, time-consum-

ing, and inconvenient, and it necessitates an additional

treatment procedure for the patient.5,12

However, the use of dental materials as protective

agents against backscatter may have advantages, such as
Statement of Clinical Relevance

Dental implants cause dose enhancement due to

radiation scattering from dental restorations during

helical radiotherapy with tomotherapy. It is clini-

cally important to know which materials cause the

most scatter and if protective agents over the resto-

rations reduce scatter.
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ease of production of these materials, patient comfort

during usage, and low cost.3 Dose enhancement from

dental restorative materials can be prevented by using a

spacer as a radioprotective material. Therefore, the use

of a soft acrylic night guard or a putty of polyvinylsilox-

ane impression material is recommended to prevent

severe mucositis resulting from scattered radiation due

to dental restorative materials. However, limited scien-

tific data exists describing use of these spacers.5,16

Determination of the dispersed radiation dose is

important for assessing the risk and biological conse-

quences in different organs or tissues. Therefore, this

study aimed to calculate the dose enhancement caused

by backscatter from different fixed dental prosthetic

materials placed in dried maxillary and mandibular

arches by using metal oxide semiconductor field-effect

transistor (MOSFET) dosimeters during helical tomo-

therapy. Additionally, 2 different preventive dental

materials were compared as protective agents to pre-

vent dose increase due to scattering. Night guards and

impression materials were selected as protective agents

because of the similarity in density with restorative

materials. In addition, these materials are easy to use

and have high accessibility in dentistry clinics.

The hypotheses stated that dose enhancement due to

scattered radiation would be related to the density of

prosthetic materials and that the protective materials

would reduce dose enhancement.
METHODS

Phantoms, dental materials, and protective
materials
The phantoms consisted of the anterior half of a dried

human skull, including the maxillae and mandible
Table I. Restorative materials and protective materials

Groups Composition Name

Group BL (substructure) Lithium disilicate glass ceramic IPS emax CA

Group MZ Yttrium oxide-stabilized, tetrago-

nal zirconium

Copran Zr-i M

phony A2

Group BZ (substructure) Yttrium oxide-stabilized, tetrago-

nal zirconium

Copran Zri

Group BZ (veneering

ceramic)

Zirconium ceramic powder Vision Zircon

Group BM

(substructure)

Cobalt-chrome metal alloy Wirobond Ea

Group BM and BL

(veneering ceramic)

Feldspathic ceramic VMKMaster

Simulated gingiva Heat-curing soft acrylic resin Vertex Soft

Protective material NG Vacuum-formed soft acrylic

night guard

Pro-Form

Protective material PP Polyvinylsiloxane Hydrorise put

Group BL, bilayer lithium disilicate (Li2Si2O5) glass ceramic; Group MZ

based all ceramic; Group BM, bilayer metal cobalt-chrome ceramic; NG, so
separately. Natural teeth and the 4 tested dental materi-

als were placed in each of the phantoms in 5 groups:

� Group NT: natural teeth added as controls
� Group BL: bilayer lithium disilicate (Li2Si2O5) glass

ceramic substructure manufactured as IPS emax

CAD (Ivoclar Vivadent, Wieland, Germany), with

VMK Master feldspathic veneering ceramic (Vita

Zahnfabrik, Bad Sackingen, Germany)
� Group MZ: monolithic zirconia feldspathic ceramic

(yttrium oxide-stabilized tetragonal zirconium) man-

ufactured as Copran Zr-i Monolith Symphony A2

(White Peaks Dental Solutions GmbH&Co. KG,

Wesel, Essen, Germany)
� Group BZ: bilayer zirconia-based all ceramic (yttrium

oxide-stabilized tetragonal zirconium) manufactured as

Copran Zr-i (White Peaks Dental Solutions) and zirco-

nium veneering ceramic powder manufactured as

Vision Zircon (Wohlwend AG, Liechtenstein)
� Group BM: bilayer metal cobalt-chrome ceramic

restorations manufactured as Wirobond Easy (Bego

Bremer Goldschlagerei, Bremen, Germany), with

VMK Master feldspathic veneering ceramic (Vita

Zahnfabrik) (Table I).

Simulated gingiva was added to the phantoms in the

form of heat-curing soft acrylic resin of 1 mm thickness

(Vertex Dental, Zeist, Netherlands).17

All groups were divided into 3 subgroups according

to the protective materials used for reducing electron

backscatter from the tested materials:

� WP: measurements of backscatter were made with-

out protective material
Lot No. Manufacturer

D MT V49311 Ivoclar Vivadent Wieland, Germany

onolith Sym- ILM2030A2 White Peaks Dental Solutions GmbH

& Co. KG

Wesel, Essen, Germany

I20659 White Peaks Dental Solutions GmbH

& Co. KG

Wesel, Essen, Germany

1516 Wohlwend AG Liechtenstein

sy 13708 Bego Bremer Goldschlagerei Bre-

men, Germany

46780 Vita; Zehnfabrik Bad Sackingen,

Germany

XR083P10 Vertex Dental Zeist, Netherlands

005151 Keystone Dental Alfter, Germany

ty 193804 Zhermack Badia Polesine, Italy

, monolithic zirconia feldspathic ceramic; Group BZ, bilayer zirconia-

ft acrylic night guard; PP, polyvinylsiloxane hydrorise putty.



Fig. 1. (A) Left maxilla containing a bilayer lithium disilicate glass ceramic prosthesis (BL) without protective material. (B)

Mandible with a BL prosthesis without protective material.
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� NG: a soft acrylic night guard of 3-mm thickness

(Keystone Dental, Alfter, Germany) was added as

protective material
� PP: Polyvinylsiloxane hydrorise putty of 5-mm

thickness (Zhermack, Badia Polesine, Italy) was

added as protective material.

The phantoms were then prepared for irradiation.

First, natural teeth were placed in the alveolar sockets

of the left maxilla at the sites of teeth #12, #13, #14,

and #15 and in the mandible at the sites of teeth #28,

#29, and #30. Irradiation with the parameters listed

was performed, and the data were recorded as control

values. Then, 2 additional prepared natural teeth were

placed in the sites of teeth #10 and #11 in the left max-

illa and teeth #26 and #27 in the mandible. Prostheses

constructed of each of the 4 materials were placed on

the teeth in the sites of teeth #12 through #15 and #28
Fig. 2. (A) Left maxilla containing a bilayer lithium disilicate gla

guard. (B)Mandible with a BL prosthesis covered with a soft acryli
through #30. Irradiation of the phantoms was then per-

formed for each of the 4 types of prostheses without

protective materials, with the night guard, and with the

polyvinylsiloxane putty (Figures 1, 2, and 3).
Irradiation
Axial images of the skull with maxilla and the mandi-

ble were obtained with computed tomography (Canon

Medical Systems, Neuss, Germany) to plan RT doses

for all configurations of the phantoms. The target vol-

ume was created on CT with natural teeth in the phan-

tom, and RT was planned with helical tomotherapy

delivering a radiation dose of 2 Gy to the target volume

using 6 MV photon energy (Accuray TomoTherapy,

Sunnyvale, CA, USA) (Figure 4). The fractionation

dose in head and neck RT is usually 1.8 to 2 Gy, based

on the commonly used treatment of 5 fractions per
ss ceramic prosthesis (BL) covered with a soft acrylic night

c night guard.



ig. 3. (A) Left maxilla containing a bilayer lithium disilicate glass ceramic prosthesis (BL) covered with polyvinylsiloxane

utty. (B)Mandible with a BL prosthesis covered with polyvinylsiloxane putty.
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week.18 Therefore, a dose of 2 Gy was selected for irra-

diation.

RT planning was done separately for the maxillary

and mandibular phantoms. The irradiation parameters

were established at field width of 2.5 cm, pitch of

0.287, modulation factor of 2.5, and low optimization

resolution for tomotherapy planning parameters.19,20

The RT plans designed for the phantoms with natural

teeth were used during irradiation of all subgroups in

the maxilla and mandible. Thus, dose changes that

might have occurred with treatment planning of the dif-

ferent dental materials were eliminated.

RT was planned to deliver a dose of 2 Gy to the tar-

get volume. Accordingly, the radiation dose on the

internal surface close to the target volume was

expected to be higher than the dose on the external sur-

face in both the maxilla and mandible. Because it is

known that internal and external radiation doses would

differ, the internal and external surface doses of the

maxillary and mandibular phantoms were measured

separately.

MOSFETs were used to measure the radiation doses

during the RT procedures. Before the dose values were

measured, the MOSFETs were calibrated, and the gray

equivalent of the reading was found. MOSFETs were

placed just above the teeth. Radiation dose measure-

ments were made in the maxillary phantom for the 4

teeth supporting the prosthesis in all groups; for the

mandible, the doses at the 3 supporting teeth were mea-

sured. MOSFETs were set on tooth surfaces and under
the protective materials. Each tooth and restoration

was measured at 2 different places: internally (lingual

surface) and externally (buccal surface) (Figure 5).

Irradiation of the phantoms was then repeated for each

of the protective materials. Measurements were

repeated 3 times (n = 3) in both the maxillary and man-

dibular phantoms for the teeth and prostheses without

protection (WP) and for the NG and PP protective

material groups.

Statistical Analysis
Data analysis was performed using IBM SPSS Statis-

tics 20.0 (IBM, Istanbul, Turkey). The Kolmogorov-

Smirnov test was used to check normality of variables.

Univariate analysis was performed to determine the

effect of each factor, and the Tukey post hoc test was

used for multiple comparisons. Data were expressed as

mean § standard deviation (SD). Statistical signifi-

cance was established at P < .05.

RESULTS
Mass densities
The tested dental materials differed in elemental com-

position and production techniques. Accordingly, mass

densities of the dental materials were taken from scien-

tific documents provided by the manufacturers. The

densities of the materials used for each group were as

follows: BL: 2.5 g/cm3; MZ: 6.09 g/cm3, BZ: 6.09/

cm3; and BM: 8.6 g/cm3. The density value of the test

material with a higher density was used for bilayer



Fig. 4. Dose distributions of radiation therapy planning with tomotherapy for (A) the maxilla and (B) the mandible. The orange

lines indicate the radiation dose of 2 Gy. The pink area is the target volume.
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restorations. Natural tooth density is approximately 2

g/cm3.18 The density of the 2 different protective mate-

rials differed slightly. The density of NG was 0.94 g/

cm3, whereas the density of PP was 1 g/cm3.
Maxillary phantom
The measured dose values for the 4 prosthesis groups

in the maxillary phantom are shown in Table II. The

measured dose values of the protective material sub-

groups WP, NG, and PP—both internally and exter-

nally—are displayed separately. Doses of control and

BL groups were not different from each other but were

significantly different from MZ, BZ, and BM groups.
MZ and BZ groups were not significantly different

from each other, but the measured dose for group BM

was significantly higher than all other groups. There

were no statistically significant differences in doses

between the WP, NG, and PP values for any of the 4

prosthesis groups. The curves of the maxilla represent-

ing internally and externally measured doses are shown

in Figures 6A and 6B.

Mandibular phantom
The measured dose values for the 4 prosthesis groups

in the mandibular phantom are shown in Table III. The

internal and external measurements are displayed



Fig. 5. Metal oxide semiconductor field-effect transistor (MOSFET) dosimeters positioned on the external surfaces of the pros-

theses in (A) the maxilla and (B) the mandible.
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separately for the protective material subgroups WP,

NG, and PP. The radiation doses of the control and BL

groups did not differ significantly from each other but

were significantly different from the other test groups.

Differences between the MZ and BZ groups were not

significant, but both groups differed significantly from

group BM, which had significantly larger radiation

doses than all other groups. There were no statistically

significant differences between the WP, NG, and PP

measurements for any of the prosthesis types. Inter-

nally and externally measured doses for the mandible

are graphically represented in Figures 7A and 7B.

Because separate treatment plans were made for

maxillary and mandibular phantoms, the measured

dose values differed, and the internally measured doses

were all higher than those measured externally.
Table II. Measurement doses (Gy) for the maxillary phantom

WP (dose § SD)

Internally Externally Internally

Group NT (Control) 1.73 § 0.26 0.9 § 0.14 1.8 § 0.28

Group BL 1.79 § 0.36z,x,k 0.93 § 0.11z,x,k 1.85 § 0.33

Group MZ 1.96 § 0.30*,y,k 1.07 § 0.42*,y,k 1.99 § 0.32

Group BZ 2.02 § 0.20*,y,k 1.13 § 0.23*,y,k 2.06 § 0.36

Group BM 2.25 § 0.30*,y,z,x 1.21 § 0.18*,y,z,x 2.28 § 0.38

Group NT (Control), natural teeth; Group BL, bilayer lithium disilicate (L

ceramic; Group BZ, bilayer zirconia-based all ceramic; Group BM, bilayer m

nylsiloxane hydrorise putty; SD, standard deviation.

*Different from control group (P < .05).

yDifferent from group BL (P < .05).

zDifferent from group MZ (P < .05).

xDifferent from group BZ (P < .05).

kDifferent from group BM (P < .05).
However, the differences between internal and external

measurements were all similar in all groups in both the

maxillary and mandibular phantoms for the WP, NG,

and PP protective conditions (P > .05).
DISCUSSION
The first hypothesis was accepted because dose

increase due to scattering was significantly related to

the density of prosthetic materials. The second was

rejected because protective materials did not reduce

scattering compared with samples without protective

materials.

Materials with different densities, such as metals and

different types of ceramics, are used as dental pros-

thetic materials.21,22 High-density dental materials

cause a dose increase surrounding the tooth due to the
NG (dose § SD) PP (dose § SD)

Externally Internally Externally

0.93 § 0.21 1.77 § 0.28 0.91 § 0.19
z,x,k 0.97 § 0.17z,x,k 1.82 § 0.30z,x,k 0.95 § 0.19z,x,k

*,y,k 1.12 § 0.16*,y,k 2.01 § 0.38*,y,k 1.10 § 0.16*,y,k

*,y,k 1.17 § 0.26 *,y,k 2.06 § 0.3*,y,k 1.15 § 0.30*,y,k

*,y,z,x 1.27 § 0.05*,y,z,x 2.28 § 0.32*,y,z,x 1.25 § 0.17*,y,z,x

i2Si2O5) glass ceramic; Group MZ, monolithic zirconia feldspathic

etal cobalt-chrome ceramic; NG, soft acrylic night guard; PP, polyvi-



Fig. 6. Radiation doses measured (A) internally and (B)

externally for the maxillary phantom.

Table III. Measurement doses (Gy) for the mandibular

WP (dose § SD)

Internally Externally Int

Group NT (Control) 1.85 § 0.17 1.35 § 0.17 1.8

Group BL 1.88 § 0.17z,x,k 1.39 § 0.19z,x,k 1.9

Group MZ 1.96 § 0.11*,y,k 1.52 § 0.14*,y,k 1.9

Group BZ 1.98 § 0.15*,y,k 1.55 § 0.15*,y,k 2.0

Group BM 2.07 § 0.17*,y,z,x 1.63 § 0.16*,y,z,x 2.1

Group NT (Control), natural teeth; Group BL, bilayer lithium disi

ceramic; Group BZ, bilayer zirconia-based all ceramic; Group BM, b

nylsiloxane hydrorise putty; SD, standard deviation.

*Different from control group (P < .05).

yDifferent from group BL, (P < .05).

zDifferent from group MZ (P < .05).

xDifferent from group BZ (P < .05).

kDifferent from group BM (P < .05).
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ernally

7 § 0.1

0 § 0.1

7 § 0.1

0 § 0.1

0 § 0.1

licate (L

ilayer m
backscatter factor from head and neck RT.23 In high-

density material, more Compton scattering occurs and,

in this case, the increase of secondary electrons causes

a dose increase on the surface of the tooth.22

According to several studies, dose enhancement

depends on the alloys used in dental restorations.3,24 In

studies using external beam therapy (EBT) gafchromic

film dosimetry, different dental alloys reportedly

increased the scattered dose up to 40%.9,24,25 However,

the dose increase varied not only as a result of the den-

tal alloy used but also because of the irradiation energy,

irradiation technique (intensity modulated radiation

therapy [IMRT], volumetric arc, direct irradiation),

and irradiation field.26 Although techniques such as

single-field or conformal RT are currently used in irra-

diation, advanced techniques such as IMRT, volumet-

ric arc, and helical IMRT are used in head and neck

RT. Shiamamota et al.23 noted that the scattering doses

of dental metals increased by 1.4% to 4.3% for linear

accelerator IMRT. In the study by Mail et al.,25 scatter-

ing doses in IMRT increased by 9.2%. Kamomae

et al.3 observed that the dose calculated for dental

metallic crowns increased by 12.2% in IMRT and

12.7% in volumetric arc therapy.

In the present investigation, doses in the internal

direction (lingual surface), which is closer to the target

volume, were higher than those in the external direc-

tion (buccal surface). However, differences between

these doses were similar among all groups. No statisti-

cally significant dose increases were observed between

the natural teeth and group BL in the measurements

taken from either the maxillary or mandibular phan-

toms. The reason for this finding is that the density of

the natural tooth (2 g/cm3) and the density of group BL

material (2.4 g/cm3) are similar. It has been reported

that more scattering occurs in materials with higher
tom

NG (dose § SD) PP (dose § SD)

Externally Internally Externally

7 1.37 § 0.18 1.86 § 0.18 1.36 § 0.191

6z,x,k 1.42 § 0.19z,x,k 1.89 § 0.16z,x,k 1.41 § 0.16z,x,k

7*,y,k 1.55 § 0.12*,y,k 1.970 § 0.16*,y,k 1.54 § 0.13*,y,k

5*,y,k 1.58 § 0.15*,y,k 2.000 § 0.16*,y,k 1.57 § 0.14*,y,k

1*,y,z,x 1.66 § 0.16*,y,z,x 2.1 § 0.15*,y,z,x 1.64 § 0.16*,y,z,x

i2Si2O5) glass ceramic; Group MZ, monolithic zirconia feldspathic

etal cobalt-chrome ceramic; NG, soft acrylic night guard; PP, polyvi-



Fig. 7. Radiation doses measured (A) internally and (B)

externally for the mandibular phantom.
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density.26 Dose values measured in groups MZ (6.09 g/

cm3) and BZ (6.09 g/cm3) were therefore larger com-

pared with natural teeth and group BL but did not differ

significantly from each other. The density of the bilayer

metal cobalt-chrome ceramic restorations in group BM

(8.6 g/cm3) was the highest of all tested materials.

Hence, the dose enhancement in group BM was signifi-

cantly greater than that in the other groups.

Mucositis developing during treatment of head,

neck, and oral cancers is a significant clinical problem.

Many studies have researched the backscatter dose

enhancement that leads to mucositis as related to dental

materials.12,27,28 Our results show that, to prevent the

effects of mucositis, dental treatment plans should be

designed to avoid metallic restorations and to minimize

the scatter dose.

Removing dental restorations is traumatic and may

cause improper application of force to patients’ teeth.

Therefore, the most important issue is deciding

whether dental restorations need to be removed from
patients before irradiation. In some clinical conditions,

the patient may not want the restorations removed, so

the second part of this study examined the effect of

acrylic night guards and polyvinylsiloxane putty on

reduction of dose enhancement from scattered radia-

tion. When NG and PP protective materials were used,

there were no statistically significant differences in

dose compared with measurements without protection.

Katsura et al.5 observed an increase in the relative

doses of the protective materials at different distances

from the dental surface using 3 different protective

materials; this increase was statistically insignificant,

except for the material with high-density polyethylene

terephthalate.5

CONCLUSION
The use of dental restorative materials close to the den-

sity of the natural tooth will reduce the high dose

enhancement due to scattering during helical tomother-

apy in head, neck, and oral RT when compared to

restorations with greater density. Our results indicate

that bilayer lithium disilicate glass-ceramic restorations

(BL) in patients undergoing this type of RT will mini-

mize scattered radiation compared with other pros-

thetic materials. Metallic dental restorations in the

mouth should be eliminated if possible before therapy

to minimize the scatter dose. It is recommended that

treatment occur after replacing metallic restorations

with bilayer lithium disilicate glass-ceramic restora-

tions. A soft acrylic night guard of 3-mm thickness

(NG) and polyvinylsiloxane hydrorise putty of 5-mm

thickness (PP) caused no significant changes in dose

and are therefore ineffective as protective materials.
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