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Abstract

Purpose: The purpose of this study was to evaluate the effect of a lead block for alveolar bone protection in im-
age-guided high-dose-rate interstitial brachytherapy for tongue cancer.

Material and methods: We treated 6 patients and delivered 5,400 cGy in 9 fractions using a lead block. Effects of
lead block (median thickness, 4 mm) on dose attenuation by distance were visually examined using TG-43 formal-
ism-based dose distribution curves to determine whether or not the area with the highest dose is located in the alveolar
bone, where there is a high-risk of infection. Dose re-calculations were performed using TG-186 formalism with ad-
vanced collapsed cone engine (ACE) for inhomogeneity correction set to cortical bone density for the whole mandible
and alveolar bone, water density for clinical target volume (CTV), air density for outside body and lead density, and
silastic density for lead block and its” silicon replica, respectively.

Results: The highest dose was detected outside the alveolar bone in five of the six cases. For dose-volume histo-
gram analysis, median minimum doses delivered per fraction to the 0.1 cm® of alveolar bone (D0.1em3;q45 AcEsili.
con, and ACE-leaq) Were 344.3 (range, 262.9-427.4) cGy, 336.6 (253.3-425.0) cGy, and 169.7 (114.9-233.3) cGy, respective-
ly. D0.1em® g jeaq Was significantly lower than other parameters. No significant difference was observed between
CTV-related parameters.

Conclusions: The results suggested that using a lead block for alveolar bone protection with a thickness of about
4 mm, can shift the highest dose area to non-alveolar regions. In addition, it reduced D0.1cm? of alveolar bone to about
half, without affecting tumor dose.
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Purpose

High-dose-rate interstitial brachytherapy (HDR ISBT)
provides good results in the treatment of tongue cancer
[1]. Important adverse reactions to this therapy include
mandibular osteonecrosis [2], which requires mandibular
dose reduction to prevent its” occurrence. To achieve this,
a lead block is used during treatment sessions to cover
the alveolar region of the mandible, which is a part of
the mandible where the teeth are implanted and protect-
ed by a lead block or silicon replica, so called ‘alveolar
bone’, close to the tongue (Figure 1) [3]. Our lead block
was coated with rubber to prevent unexpected radiation
exposure due to scattering radiation [4] and toxicity of
lead. The lead block reduces dose received by alveolar
bone through two mechanisms. One is the spacing effect
of inverse square law of distance provided by thickness
of the lead block that separates the alveolar bone from
the tongue. The other is the blocking effect from y-ray ab-
sorption provided by density of the lead block, which has
a large atomic number. Inoue et al. documented benefits
of the spacing effect [1]; however, no studies have been
performed on how much the dose is attenuated. Recent-
ly, Murakami et al. showed a dose-rate reduction assess-
ment for a modular spacer, although which part of the
mandible actually received the highest dose has not been
investigated [5]. In addition, our dose calculations have
been made for a long time using a formalism provided
by the American Association of Physicists in Medicine
Task Group No. 43 (TG-43) [6-8]. This dose calculation
assumes an infinite space filled with water, and therefore
does not consider the anatomy or density of tumor or
organs at risk. For this reason, the influence of blocking
effect provided by the lead block is no not taken into ac-
count by TG-43 formalism. Recent advances in diagnostic
imaging technology have enabled us to administer dos-
es under imaging guidance to anatomical structures in
image-guided (IG) HDR ISBT [4]. This allows the doses
delivered to the tumor and mandible to be determined
using dose-volume histogram (DVH) [9]. However, dose
calculation still relies on TG-43 formalism, meaning that
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Fig. 1. Schema of coronal imaging of the oral cavity. Al-
veolar bone is part of the mandible, where the teeth are
implanted and protected by a lead block or silicon replica
T—tumor; L —lead block; S — silicon replica

no inhomogeneity correction is applied; therefore, man-
dibular/tumor dose calculations may not be accurate.

The above-mentioned problems can be overcome by
using calculation methods provided by TG-186, which
does correct for inhomogeneity. This is made possible
using model-based dose calculation algorithms, which
were also introduced into brachytherapy (BT) [10]. Such
algorithms include grid-based Boltzmann equation
solvers, Monte Carlo simulations, and collapsed cone
convolution. To date, reports have been published that
compared dose calculation results obtained using mod-
el-based dose calculation algorithms, such as grid-based
Boltzmann equation solvers and Monte Carlo simulations,
with those obtained using TG-43 formalism for BT in the
head and neck region [5, 11, 12]. However, to the best of
our knowledge, there have been no reports on the use of
collapsed cone convolution for dose calculation in the
head and neck BT. Dose calculation using collapsed cone
convolution has been used for many years in external ir-
radiation [13]. Advanced collapsed cone engine (ACE) is
a collapsed cone convolution algorithm integrated into
OncentraBrachy treatment planning system version 4.5.3
(Elekta, Veenendaal, The Netherlands) for use in BT [14].
Ma et al. reported that ACE demonstrated good agree-
ment with Monte Carlo simulations in most clinically rel-
evant regions (e.g., prostate, breast, and chest wall) [14],
suggesting the validity of dose calculation using ACE. In-
homogeneity correction using ACE has been documented
in gynecology field [15], but not in the field of head and
neck cancer as yet.

The purpose of this study was to evaluate the ef-
fectiveness of a lead block for alveolar bone protection
through not only the spacing but also blocking effects
as well as the effect on tumor dose in IG-HDR ISBT for
tongue cancer. We retrospectively analyzed DVH param-
eters of previously treated tongue cancer patients created
using a TG-43-based calculation, because there was no
model-based dose calculation algorithms at that time.

Material and methods

This multicenter study was conducted with an ap-
proval from the Research Ethics Committee of Osaka
Medical and Pharmaceutical University, approval No.:
CL-514 (2232).

Patients

The present study involved six patients who under-
went IG-HDR ISBT for tongue cancer at the National
Hospital Organization Osaka National Hospital, between
September, 2010 and August, 2012. Male : female ratio
was 4 : 2, median age was 60 years (range, 39-84 years),
T2 : T3 ratio was 5 : 1, and histological type was squa-
mous cell carcinoma in all cases.

Image-guided high-dose-rate interstitial
brachytherapy

After 6-15 catheters were inserted under general
anesthesia, computed tomography (CT) scanning was
performed for treatment planning. Because the lead
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block used for treatment sessions would produce im-
aging artifacts, a replica made from dental silicon im-
pression material Coltflax (Coltene/Whaledent AG,
Altstdtten, Switzerland) was used during CT scanning.
Images were transferred to OncentraBrachy treatment
planning system, version 4.1, to delineate clinical target
volume (CTV) and whole mandible for dose calculation
using TG-43 formalism. The size of calculation grid was
1 mm at minimum. With DVH, the treatment plan was
adjusted such that the minimum dose delivered to 90%
of CTV (D901¢_43) would be equal to or greater than the
planning-aim dose, the percentage of CTV that received
100% of planning-aim dose (V100;q_43) would be equal
to or greater than 90%. The minimum dose delivered to
0.1 cm® of the whole mandible (D0.1cm®;4 ;) was used
to evaluate mandibular dose. There has been no research
that reported an association between D0.1cm® and man-
dibular osteonecrosis in HDR-BT at present. Fujita et al.
reported on patients treated with a combination of ex-
ternal irradiation of 30 Gy and low-dose-rate (LDR) BT
of 60 Gy, which was a threshold of mandibular bone
complication [16]. Combination of external irradiation of
30 Gy and LDR-BT of 60 Gy to normal tissue was almost
102 Gy in equivalent dose in 2 Gy fraction (repair half-
time = 2 hours, a/f = 3), and that of our planning-aim
dose of 54 Gy was 105 Gy (repair half-time = 2 hours, in-
terfraction intervals = 6 hours, a/p = 3) [17, 18]. Based
on this data, our policy of dose constraints for mandible
was that D0.1cm®1¢_43 was less than planning-aim dose of
600 cGy per fraction (total dose, 5,400 cGy). We implanted
catheters to the patients on the first day in the morning,
and then we irradiated them only once in the afternoon.
We irradiated twice a day from the next day, for a total
dose of 5,400 cGy. During treatment session, the rubber
coted lead block was used to cover alveolar bone close to
the lesion that received the highest dose across the whole
mandible, which was at high-risk of infection.

Spacing effect of the lead block

Dose distribution curves created using TG-43-based
calculations were used to visually determine whether or
not the area with the highest dose was located in the al-
veolar bone. Treatment planning system was also used
to measure thickness of the block at shortest distance be-
tween the applicator and alveolar bone.

Re-calculation using collapsed cone engine

To consider density of the lead block and other an-
atomical structures, dose re-calculation was performed
using ACE. CT images used for treatment planning were
transferred to ACE, and the block and facial contour were
additionally registered on the images. Alveolar bone that
was covered by the block was also registered to inves-
tigate more direct impact of the lead block. For inho-
mogeneity correction with ACE, a cortical bone density
of 1.92 g/cm® was assigned to the whole mandible and
alveolar bone. Generally, bones are divided into outer
high-density cortical bone and inner low-density spon-
giosa. Spongiosa is composed of 33% cortical bone and
67% marrow [19]. In order to calculate heterogeneity cor-

rection by ACE, it was necessary to assign density based
on the product label of ACE after contouring each sub-
stance, rather than being calculated based on CT values.
However, it would be difficult to distinguish and contour
cortical bone, spongiosa, and marrow on CT. Moreover,
there was no data of density of spongiosa on the prod-
uct label of ACE. Additionally, we evaluated mandibular
dose by D0.1cm?, and the dose might be located in outer
high-density cortical bone close to radiation source. For
these reasons, we thought it was all right that a cortical
bone density was assigned to the whole mandible and
alveolar bone. A water density of 1.0 g/cm® was as-
signed to CTV, and an air density of 0.00121 g/cm?® was
allocated to outside the body. In the maxillofacial region,
there are two air-containing regions, such as oral cavity
and maxillary sinus. As for the oral cavity, gauze soaked
2% lidocaine (Xylocaine® jelly 2%) was inserted for the
purpose of mouth opening to avoid exposure of the maxil-
la. The reason for infiltrating the gauze with 2% lidocaine
was to give the gauze almost the same shielding ability as
water, and to relieve the pain of putting the gauze in the
mouth. Furthermore, saliva was also infiltrated into the
gauze. From these considerations, we thought that oral
cavity, especially around CTV, could be regarded as wa-
ter in dose calculation. Regarding the maxillary sinuses,
most of them were not visualized on the image, because
CT were taken only up to the vicinity of the hard palate,
as the maxillary sinuses were far from CTV due to the
mouth opening and considering the patient’s exposure.
Therefore, it was not possible to calculate dose consider-
ing the effects of air in the maxillary sinuses. For the lead
block and its” silicon replica, density of lead (11.1 g/cmd)
and density of silastic (1.12 g/cm®) were assigned, re-
spectively. These density values were based on the prod-
uct label of ACE. Using DVH, the following parameters
were calculated: the minimum dose delivered to the
0.1 cm® (D0.1cm3 5 _giticon or ACE-lead) Of the alveolar bone
and whole mandible; the minimum dose delivered to
90% of CTV (D904cE.silicon or ACE-lead); and the percent-
age of CTV that received 100% of the planning-aim dose
(V100 A CE-silicon or ACE-lead)- 1he size of calculation grid was
1 mm at minimum.

Statistical analysis

Normality of data was examined using Kolmog-
orov-Smirnov test. Calculation results using TG-43,
ACE-silicon, and ACE-lead were compared for each
DVH parameter. Repeated measures one-way analysis of
variance and Tukey’s post-hoc multiple comparison test
were applied for parametric comparisons. Friedman’s
test and Dunn’s post-hoc multiple comparison test were
used for non-parametric comparisons. Correlation be-
tween thickness of the block and dose ratio in D0.1cm?
(D0.1em’5cE siticon or ACE-ead/ D0-1em’g 43) of the whole
mandible and alveolar bone was examined using Spear-
man’s correlation coefficient.

Differences were considered statistically significant at
p < 0.05. All analyses were performed using GraphPad
Prism version 5.01 for Windows (GraphPad Software,
San Diego, CA, USA).
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Table 1. Area with the highest dose across the
whole mandible as determined visually on dose
distribution curves based on the American Asso-
ciation of Physicists in Medicine Task Group 43

formalism

Case Area

1 Ramus of mandible
2 Below alveolar bone
3 Below alveolar bone
4 Alveolar bone

5 Below alveolar bone
6 Ramus of mandible
Results

The areas with the highest dose across the whole
mandible, as determined visually on TG-43-based dose
distribution curves, are shown in Table 1, and represen-
tative dose distribution curves are shown in Figure 2. The
highest dose was detected in non-alveolar bone in five of
the six cases. In case 3, 90% of the planning-aim dose was
delivered to below the alveolar bone (Figure 2). Case 4
was the only case, in which the highest dose was detected
in the alveolar bone, with 80% of the planning-aim dose

Case 3

reaching the cortical bone in the alveolar bone. The medi-
an D0.1em®16 43 or ACE-silicon or ACE-lead Values of the alveolar
bone were 344.3 (range, 262.9-427.4) cGy, 336.6 (range,
253.3-425.0) cGy, and 169.7 (range, 114.9-233.3) cGy, re-
spectively, with D0.1cm3, cp eaq being significantly lower
than the other two parameters in the alveolar bone (Fig-
ure 3A). The dose ratio in median D0.1cm® (D0.1cm® o 1.
icon or ACEJead/ D0.1cm®1c43) of the alveolar bone were
97.8% and 49.3%, respectively, indicating that the dose in
the lead density setting was attenuated to approximate-
ly half of that calculated using TG-43 formalism. Figure 4
shows ACE-based dose distribution curves of the case, in
which the highest dose across the whole mandible was de-
tected in the alveolar bone (case 4 from Figure 2), as deter-
mined visually on TG-43-based dose distribution curves.
When the block was set to have silicon density (ACE-sil-
icon), 80% of the planning-aim dose reached the cortical
bone in the alveolar bone surface, as in the case of TG-43-
based calculation (case 4 from Figure 2). In contrast, when
the block was set to the density of lead (ACE-lead), the
dose delivered to the cortical bone in the alveolar bone
surface was attenuated to 50% of the planning-aim dose.

For the whole mandible, the median D0.1cm?; 43 o,
ACE-silicon or ACE-lead Values were 485.2 (range, 391.2-528.5)
cGy, 504.6 (range, 362.9.6-570.0) cGy, and 444.6 (range,
209.5-546.1) cGy, respectively, with no significant differ-
ence between calculation methods (Figure 3B).

\

Case 4

Fig. 2. Representative dose distribution curves for a case, where the highest dose across the whole mandible was detected in
non-alveolar bone (case 3), and for a case, where the highest dose area was in the alveolar bone (case 4). Calculations were
made using a formalism provided by the American Association of Physicists in Medicine Task Group 43. Red arrows indicate
the whole mandible, white arrows indicate the block, a blue curve indicates 90% of the planning-aim dose, and a light blue
curve indicates 80% of the planning-aim dose. In case 3, 90% of the planning-aim dose (blue curve) was delivered to the cortical
bone below the alveolar bone due to the spacing effect of the block. In case 4, due to an insufficient spacing effect, 80% of the
planning-aim dose (light blue curve) was delivered to the cortical bone in the alveolar bone surface
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ACE-silicon

ACE-lead

Fig. 3. Minimum dose delivered to 0.1 cm? of the alveolar bone (A) and the whole mandible (B) (D0.1cm?). X = TG-43, ACE-sil-
icon, or ACE-lead, which were calculated using the Association of Physicists in Medicine Task Group 43 formalism, advanced
collapsed cone engine (ACE) with a silicon density setting, and ACE with a lead density setting, respectively. Asterisk indicates

a significant difference (p < 0.05)

The median thickness of the block was 4.2 (range,
2.9-4.4) mm, and its’ relationship with the dose ratio in
DO.lcm3 (Do'lcmSACE-silicon or ACE-lead/DO'lcm3TG—43) in
the whole mandible and the alveolar bone is shown in
Figure 5. There was a significant negative correlation be-
tween the thickness of the block and the D0.1em?® 5 cg jead/

DO0.1cm?pq 45 of the alveolar bone (Spearman’s correlation
coefficient = -0.88, p = 0.03).

For the CTV, the median D901 43 or ACE-silicon or ACE-lead
values were 652.0 (range, 600.9-687.0) cGy, 653.4 (range,
625.9.6-720.5) cGy, and 651.5 (range, 625.0-715.1) cGy,
respeCtiVEIYI and those of V100T6—43 or ACE-silicon or ACE-lead

500 § 600
[ « 1 /
1

400 — 500 §\\
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>
& 300 &
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DO0.1em’rgys D01 empcggiticon D01 ¢Msck tead DO0.1em’rgys D01 em®pcgiticon D01 €Msc tead

= Case1l == Case?2 Case3 =—=Case4 =—Caseb =—Caseb

Fig. 4. Dose distribution curves based on re-calculations using the advanced collapsed cone engine (ACE) for a case, where the
highest dose was detected in the alveolar bone (case 4 from Figure 1). A red arrow indicates the whole mandible, a red arrow-
head indicates the alveolar bone, white arrows indicate the block, a light blue curve indicates 80% of the planning-aim dose,
and a green curve indicates 50% of the planning-aim dose. When the silicon density was assigned to the block (ACE-silicon),
the light blue curve indicating 80% of the planning-aim dose was in contact with the cortical bone in the alveolar bone surface,
similar to the results obtained using the American Association of Physicists in Medicine Task Group 43 formalism (case 4 from
Figure 1). In contrast, when the lead density was assigned to the block (ACE-lead), the green curve indicating 50% of the plan-
ning-aim dose was in contact with the cortical bone in the alveolar bone surface

Journal of Contemporary Brachytherapy (2022/volume 14/number 1)



92

Hironori Akiyama, Ken Yoshida, Tadashi Takenaka, et al.

12
‘ A
v
\ 4
1.0 4 HA
4 sl
v A
v
08 -
Il
[
2
A *
0.6 -
*
* v
*
*
04 -
*
02 . . : :
25 3.0 35 40 45 5.0

Thickness of the block (mm)
¥ DO0.1em?®, cp jead/ D0.1cm31 45 (whole mandible)
A DO0.1em®, g giticon/ D0.1cm31 45 (whole mandible)
B DO0.1em?® 5 g giticon/ D0.1em31 45 (alveolar bone)
* D0.1em?®; cp jeaq/ D0.1cm3 145 (alveolar bone)

Fig. 5. Correlation between thickness of the block and
dose ratio. D0.1cm3: The minimum dose delivered to
0.1 cm® of the whole mandible or the alveolar bone. X =
TG-43, ACE-silicon, or ACE-lead were calculated using
the Association of Physicists in Medicine Task Group 43
formalism, advanced collapsed cone Engine (ACE) with
the silicon density setting, and ACE with the lead density
setting, respectively. A red star indicates a significant neg-
ative correlation, with Spearman’s correlation coefficient
of 0.88, p < 0.05

were 100.0% (range, 90.1-100.0%) 99.5% (range, 93.5-
100.0%), and 99.3% (range, 93.2-100.0%), with no signifi-
cant differences for either Dy, or V,q, (Figure 6).

Discussion

Murakami ef al. examined distance-dependent attenu-
ation of y-rays from an HDR radiation source, and report-
ed that for a shortest distance between the mandible and
the reference point (e.g., 10 mm from the source or 5 mm
from 60 Gy reference point), the dose reduction can reach
51.2% (30.7 Gy of 60 Gy dose at reference point) [5]. How-
ever, there have been no reports describing which specific
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Fig. 6. Minimum dose delivered to 90% of the clinical tar-
get volume (D90y, A) and the percentage of the clinical
target volume that received 100% of the planning-aim
dose (V100y, B). X = TG-43, ACE-silicon, or ACE-lead
were calculated using the Association of Physicists in
Medicine Task Group 43 formalism, advanced collapsed
cone engine (ACE) with the silicon density setting, and
ACE with the lead density setting, respectively. No sig-
nificant differences in dose values were observed between
calculation methods

area receives the highest dose in this setting. In HDR-BT
for tongue cancer, alveolar bone is likely to receive the
highest dose across the whole mandible due to its’ close
proximity to the lesion. Evidence has also suggested an
association between mandibular osteonecrosis after radi-
ation therapy and oral hygiene status [20]. Treating of ex-
isting oral disease, and stabilizing oral health before and
after cancer therapy, may decrease the risk of osteoradio-
necrosis. The goal is to minimize the need of invasive in-
terventions (e.g., extraction) as well as dental inflamma-
tory disease/infection during and after radiation therapy
for the life of patient [21]. Therefore, if the spacing effect
of the lead block was to shift the highest dose area to an
area other than alveolar bone, where teeth as the source
of infection are present, it should reduce the occurrence
of mandibular osteonecrosis. This led to our decision to
cover the alveolar bone with a lead block during treat-
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ment sessions, because this is the area where the dose was
highest across the mandible with a high-risk of infection.
In the visual evaluation of TG-43-based dose distribution
curves, the highest dose was detected outside the alveolar
bone in five out of six cases, suggesting a benefit of the
spacing effect provided by the lead block covered using
our method.

We have reported previously on mandibular dose cal-
culation in HDR-BT for tongue cancer [4, 9]. However,
in these reports, dose calculations were based on TG-43
method, therefore, the exact dose values were unknown.
Peppa et al. used Monte Carlo simulations to calculate
mandibular doses in the head and neck cancer, but they
did not consider the effect of a lead block for alveolar
bone protection [12]. The present study was designed to
overcome the limitations of previous studies. In terms of
materials used for the block, dental silicone impression
materials are advantageous in that they produce fewer
artifacts during CT scanning, are easy to mold the shape
of the mandible, and are not harmful to human body.
Therefore, in the present study, an analysis was also per-
formed using dental silicon impression material. This
was possible because during CT scanning for treatment
planning, we used a replica made of dental silicon im-
pression material, which had the same shape as the lead
block used during treatment sessions.

In the DVH analysis of the alveolar bone, D0.1cm3
calculated using ACE with the block set to lead density
was significantly reduced (by 49%) compared with those
calculated using TG-43 formalism, or with the block set
to silicon density. These results suggested that radiation
dose to the alveolar bone can be reduced by the block-
ing effect, even when the spacing effect is insufficient. In
fact, in case 4, where the spacing effect was insufficient,
visual evaluation of the ACE-based dose distribution
curves revealed that 80% of the planning-aim dose con-
tacted the cortical bone in the alveolar bone surface in the
silicon density setting, as when it was calculated using
TG-43 formalism, whereas in the lead density setting, the
dose was reduced to 50% of the planning-aim dose, in
agreement with the DVH analysis results (Figure 4). In
practice, the dose to tissues in contact with lead might be
higher because of scattered radiation from the lead. Lliso
et al. reported that higher doses might be expected when
an internal lead shielding is used in case of HDR ?Ir
treatment, where apart from reduction, a strong dose en-
hancement is observed in the tissue on the backscatter
side adjacent to the lead slab, and also in the forward
scatter side [22]. Therefore, a few millimeters of bolus to
the lead to avoid the overdose of the tissue in contact
with the lead is necessary. Lliso ef al. also reported that
minimum bolus thickness that must be added in order
to remove the dose contamination resulted in values of
0.5 mm and 1 mm in the backward and forward radi-
ation direction, respectively. GEC-ESTRO recommen-
dations for BT of squamous cell carcinoma of the head
and neck reported that the shielding system consisted of
a 2 mm thick lead shield wrapped in plastic protection
[23]. In reality, our lead block was coated with rubber to
prevent unexpected radiation exposure due to scattering

radiation. However, in this study, a part of rubber den-
sity around lead density was not considered. This was
because in the treatment planning, CT silicon replica
was used in consideration of artifacts, so it was impos-
sible to separate the part of rubber density from the lead
density part on the image. Even if it could be done, it
would be difficult to contour the rubber part separately
because the width of rubber was too narrow. In addition,
there is no data of density of rubber on the product la-
bel of ACE. Therefore, in this study, we would like to
assign the lead density to all blocks. As a result, there
was a high-dose area around the lead, which can be seen
in Figure 4, when the lead density was assigned to the
block (ACE-lead). However, due to the blocking effect of
the lead, the dose of bone surface was reduced from 80%
planning-aim dose in silicon density setting to 50% plan-
ning-aim dose in lead density setting. Although the ac-
tual dose was expected to decrease further, we believed
that the blocking effect of lead was almost confirmed
even in our setting. For these reasons, in this study, we
thought it was good enough to assign the lead density
to all blocks. As for the blocking effect in HDR radiation
source, Murakami et al. demonstrated using Monte Carlo
simulations that when 4 mm thick lead was placed 10
mm away from reference point, the dose was reduced
to 30.5% (single-plane implant) and 30.2% (double-plane
implant) of the dose without the lead [5]. Actual mea-
surement of blocking effect of the lead has been reported
by Kudoh et al. [24]. They used 5 cm X 5 cm lead and
acrylic plates, and evaluated their blocking effect quan-
titatively using a thermoluminescence dosimeter. Their
results showed that the dose with a 4 mm lead and 3 mm
acrylic plate was 27.7% of that with a 7 mm acrylic plate.
The median thickness of the lead block used in the pres-
ent study was 4.2 mm, which is almost the same as that
used in the above-mentioned previous study [5, 24]. The
DVH analysis showed that the median D0.1cm? of the
alveolar bone calculated using ACE with the lead densi-
ty setting was about 49% of that calculated using TG-43
formalism. Thus, the blocking effect demonstrated in
the present study was smaller than that in the previous
study. This may be because the previous study did not
consider density or anatomy of the human body compo-
nents, and thus did not consider the effects of scattered
radiation from the mandible and other structures, result-
ing in lower dose calculations compared with ours.
Regarding the whole mandibular dose, in our previ-
ous study involving five patients who underwent HDR-
BT for tongue cancer, we obtained a mean DO0.lcm?® of
480.6 cGy as calculated using TG-43 formalism [4], which
was roughly equivalent to a median D0.1cm?® of 485.2 cGy
in the present study. In the whole mandible, no signifi-
cant difference was observed in D0.1cm?® calculated be-
tween using TG-43 formalism and ACE assigned to the
lead and silicon density settings. As shown in Figure 3B,
one case (case 4) had a D0.1cm® g joaq that was substan-
tially lower than the other parameters, and in this case,
the area with the highest dose was in the alveolar bone
covered by the lead block, as shown in Table 1. This sug-
gested the benefit of the blocking effect of the lead block
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when the alveolar bone is exposed to the highest dose,
even in dose calculation for the whole mandible.

There was a significant negative correlation between
the thickness of the block and the DO0.lem?®cp ead/
DO0.1cm3; 43 of the alveolar bone. In the alveolar bone,
increasing the thickness of the lead block will increase the
blocking effect. However, the thicker the lead block, the
more discomfort the patient would feel. Future studies
should examine the range of lead thickness tolerable for
patients and monitor the incidence of mandibular osteo-
necrosis over a longer follow-up period.

There have been several reports on inhomogeneity
correction in head and neck BT, and these reports suggest-
ed a limited effect in CTV of inhomogeneity correction.
Siebert et al. reported that dosimetric indices of Dy, and
Vo for CTV were about 3% lower for grid-based Boltz-
mann solver compared with TG-43-based computation.
Patients showed small variations and, with clinical use of
these indices, prescription doses remained unchanged for
HDR in head and neck BT for the time being [11]. Using
Monte Carlo simulation, Peppa et al. reported significant
differences in planning target volume in an analysis of
relative DVH indices, due to consistent dose overestima-
tion using TG-43 formalism, although these differences
were not of sufficient magnitude or range to warrant any
change in treatment planning practice [12]. However,
these studies did not use any alveolar bone protection.
When such a block is used, CTV may be exposed to scat-
tered radiation from the block due to proximity of the
block to the tongue. In the present study, however, there
was no significant difference in the V,y, or Dy, parame-
ters, regardless of the density setting of the block.

Limitations of this study include that no actual dose
measurement was performed. Future studies should
compare calculated and measured results obtained in the
same environment using, for example, an oral equivalent
phantom. Additionally, the number of the patients in this
study was too small, and it was difficult to draw firm con-
clusions. Further studies with a larger number of patients
are therefore required.

Conclusions

Our results suggested that the use of a lead block with
a thickness of about 4 mm for alveolar bone protection can
shift the highest dose area to non-alveolar bone through
the spacing effect. In addition, it reduced the D0.1cm?® of
the alveolar bone to about half without affecting the tu-
mor dose through the blocking effect.
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