Journal of Radiation Research Advance Access published August 1, 2012

Journal of Radiation Research, 2012, 00, 1-5
doi: 10.1093/jrr/rrs046

Technical Report

A digital model individual template and CT-guided '*°I seed implants
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To enhance the accuracy of radioactive seed implants in the head and neck, a digital model individual tem-
plate, containing information simultaneously on needle pathway and facial features, was designed to guide
implantation with CT imaging. Thirty-one patients with recurrent and local advanced malignant tumors of
head and neck after prior surgery and radiotherapy were involved in this study. Before '*’I implants,
patients received CT scans based on 0.75mm thickness. And the brachytherapy treatment planning system
(BTPS) software was used to make the implantation plan based on the CT images. Mimics software and
Geomagic software were used to read the data containing CT images and implantation plan, and to design
the individual template. Then the individual template containing the information of needle pathway and
face features simultaneously was made through rapid prototyping (RP) technique. All patients received >
seeds interstitial implantation under the guide of the individual template and CT. The individual templates
were positioned easily and accurately, and were stable. After implants, treatment quality evaluation was
made by CT and TPS. The seeds and dosages distribution (Dgg, V190,V 150) Were well meet the treatment re-
quirement. Clinical practice confirms that this approach can facilitate easier and more accurate implantation.
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INTRODUCTION

Radioactive seed brachytherapy has been used in radiother-
apy for many years [1, 2]. Today, permanent radioactive
seed implantation is used for the treatment of prostate
cancer, breast cancer and cancer of the head and neck
[2-8]. Many radioactive isotopes have been used, including
98 Au, "*?Ir, "1, and '®*Pb [7-10].

One of the advantages of brachytherapy is that it allows
delivery of a higher radiation dose to the tumor while at the
same time sparing the surrounding normal tissue [7]. In
general, a treatment plan containing information on the pos-
ition and direction of the implantation needles, and the
expected distribution of seeds and dosages is required pre-
treatment to ensure that an adequate dose is delivered to the
target volume, and that a relatively low dose is delivered to
adjacent normal tissue. Needles and seeds thus need to be

arranged according to the treatment plan during the im-
plantation process. Many techniques have been developed
to improve the accuracy of implantation. Modern imaging
techniques, such as ultrasound, CT and MRI, play an im-
portant role in improving visibility during implantation [6,
11, 12]. Template guidance is used to enhance accuracy
and efficiency of the procedure [13].

Traditionally, interstitial implantation for prostate cancer
is performed using transperineal template and transrectal
ultrasound guidance [2, 13]. The accuracy of implantation
for the treatment of malignant tumors of the head and neck
has not been fully explored to date. As a result of complex
anatomy in this region, implantation is more difficult and
the application of ultrasound is limited. Furthermore, as a
result of head and neck flexibility and posture changes
between planning and treatment, the use of conventional
template products can lead to error in terms of patient
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positioning, as well as direction errors, which may influ-
ence treatment accuracy. In addition, it may result in a de-
crease in the dose delivered to the target volume and
increase the dose delivered to adjacent normal tissue, both
of which may influence the effectiveness of treatment and
the occurrence and severity of complications. These disad-
vantages limit the application of conventional template pro-
ducts when implanting radioactive seeds in the head and
neck region.

In order to enhance the accuracy of interstitial implant-
ation, we designed an individual template using a computer
aid design (CAD) and rapid prototyping (RP) technique,
and implanted radioactive seeds using this individual tem-
plate and CT guidance.

MATERIALS AND METHODS

Thirty-one patients (17 males and 14 females) aged
between 2 and 86 years (median, 68 years) received per-
manent implantation of '*’I seeds (model 6711, 4.5 mm
long and 0.8 mm in diameter, China Institute of Atomic
Energy) between August 2010 and November 2011, for re-
current and locally advanced malignant tumors of the head
and neck. The tumor site included the parotid and buccal
areas, the upper neck, the mouth floor, the base of the
tongue, the paranasal sinus, the nasal cavity, the skull base
(infratemporal fossa) and the periorbital area. The prescrip-
tion dose (peripheral matching dose) was 80 to 120 Gy for
recurrent tumors in areas that had previously received radio-
therapy and 120 to 160 Gy for tumors without prior radio-
therapy. This study was approved by the Ethics Committee
of Peking University, and all patients gave their informed
consent for use of their data.

The protocol for '*I interstitial implantation brachyther-
apy was as follows:

Preparation

Before implantation, patients underwent CT scanning based
on a thickness of 0.75 mm. Data was saved in DICOM
format. Patient posture during CT examination was the
same as the predicted posture during implantation.

Implantation plan

The brachytherapy treatment planning system (BTPS,
Beijing Atom and High Technique Industries Inc., Beijing,
China) software for Windows XP was used to read infor-
mation from CT images and to construct the implantation
plan (Fig. 1A). In the plan, needles were implanted from
different directions to avoid bone, major blood vessels and
important organs (Fig. 1B). The CT images, including
planned information on number, position, and direction of
the implant needles, were then exported and saved in
DICOM format.

Design and production of the individual template
The Mimics 10.01 for windows (Materialise, Belgium) was
used initially to read CT and needle information, and then
used to reconstruct the three-dimensional (3-D) appearance
of the head and neck region and implantation needles in
the correct positions (Fig. 1C). The 3-D data was then
exported to software Geomagic 8.0 (Geomagic Company,
USA) in an STL format. The individual template was
designed according to the 3-D appearance of the skin using
Geomagic software, and ideally covering a marking point,
such as the nose, the lower border of mandible, the zygoma
or the ear, which could facilitate placement of the template
in the correct position (Fig. 1C). The thickness of the tem-
plate (6 mm in our study) and the diameter of the implant-
ation needles (18G interstitial needles in our treatment)
were then determined, and the Boolean minus operation
was applied to obtain an image of the individual template
that contained the needle information. According to the
digital model, the individual template was constructed from
the medial light-cured resin using the rapid forming
machine Eden250 (Objet Company, Israel). An individual
template of the parotid, infratemporal fossa and mandibular
ramus regions can be seen in Fig. 1D.

Interstitial implantation

Under general anesthesia, the needles were implanted using
the individual template and CT guidance, to ensure that all
needles were in the expected position and depth, which was
calculated in BTPS (Fig. 1E, 1F). Following this, '*I seeds
were implanted in the tissues via the needles, in accordance
with the implantation plan. Finally, a further CT examin-
ation was performed to verify and guarantee that the seeds
were distributed in the correct position.

Verification and quality assurance of treatment

CT images of the seeds were used to calculate the Dy,
V100, Viso and dosages at organs at risk after treatment by
BTPS.

RESULTS

All digital model individual templates at the different sites,
containing information on the position, direction and diam-
eter of the implantation needles, were successfully pro-
duced. And the templates were well fitted and stable in the
designed position. The implantations were performed in
strictly accordance with the implantation plan under indi-
vidual template and CT guide (Fig. 1E and 1F). All needles
were in the designed position, and the seeds achieved an
acceptable distribution (Fig. 2A and 2B).

In this study, the D;op was 134.5+22.4 Gy in mean
(range from 89 Gy to 178 Gy),and it was larger than the
prescription dose in 90.3% (28/31) patients; the Dgy was
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Fig. 1.

(A) BTPS was used to construct the treatment plan (the red line represents the implant needle, and the yellow line

represents the 1251 geeds); (B) the treatment plan in three-dimensional (3-D) images, showing how the mandibular ramus
and major blood vessels (green arrow) were avoided; the needles are implanted in two directions; (C) the individual
template was designed according to the 3-D appearance of the skin in the head and neck region and from information on
the implantation needles; (D) an individual template of the parotid, infratemporal fossa and mandibular ramus region; (E)
interstitial implantation guided by the individual template; (F) CT image showing the implant needles at the expected site

under individual template guidance.

173.6 £24.5 Gy in mean(range from 127 Gy to 225 Gy)
and it was larger than the prescription dose in every
patient. The Vg9 was 99.7+0.9% in mean (range from
96% to 100%), and the V59 was 29.9+7.1% in mean
(range from 18% to 41%). In this series, the Doy, Voo and
V150 achieved met the treatment plan requirements in every
case (Fig. 2C), and dosages delivered to organs at risk were
within acceptable limits of tolerance.

DISCUSSION

With current developments in the application of the tem-
plate and the transrectal ultrasound guidance technique,
brachytherapy plays an increasingly important role in the
treatment of prostate cancer, and the template guidance
technique has now become standard treatment [13, 14]. As
imaging techniques develop, CT and MRI technology,
which can enhance visibility during treatment, are also
used to guide radioactive seed implantation. Owing to the
complexity of the structure of the head and neck, use
of ultrasound is limited. Therefore, CT-guided '*°I implant-
ation has been increasingly used in the head and neck
region [6].

However, the template guidance technique, which can
enhance the accuracy of implantation and can simplify oper-
ation procedures, has developed slowly for the treatment of
malignant head and neck tumors. The anatomical structure of
this area is complex, with many vital organs, all of which
make implantation more challenging. Thus, it is difficult to
identify a fixed site for a template when treating malignant
tumors in different sites in the head and neck region.
Furthermore, as the head and neck moves, there can be an
associated patient and/or template set-up error, which may
significantly influence the accuracy of implantation. For
these reasons, we designed an individual template, which has
many advantages. Firstly, it contains information on local
facial features of each patient, which can decrease the set-up
error and can remain stable in the right position (Fig. 1E).
Secondly, it contains information on the position and direc-
tion of the implantation needles, which can decrease position
and direction error and thereby enhance implantation accur-
acy (Fig. 1A, 1E and 1F). Thirdly, adjusting the direction of
the needles during implantation can usually be undertaken
without damage to bones, major vessels and organs at risk
(Fig. 1B and Fig. 3). On the other hand, when using conven-
tional templates, a change in needle direction is associated
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Fig. 2.

(A) Actual needles implanted in the planned site. The blue line or dot represents the actual needles, and

the red line or dot represents the planned needles; (B) the implanted seeds achieving the expected distribution. (The
blue dots represent the actual seed distribution, and the red dots represent the planned seed distribution); (C) this
CT image shows the isodose curve after seed implantation (The green curve represents the target area, and the red,
yellow and blue curves represent the 160 Gy, 144 Gy and 80 Gy isodose curves, respectively.)

Fig. 3. (A) The needles (green arrow) were implanted in
different directions to avoid the damage to the left eyeball; (B) the
needle (green arrow) was implanted in different directions to avoid
the bones (mandible, mastoid process and pterygoid process of
sphenoid bone).

with a change in the template direction and frequently chan-
ging the template may lead to increased operation time, as
well as errors in position and/or direction. Using the individ-
ual technique, one can collect information from several
conventional templates in one individual template (Fig. 1D
and 1E), which enhances efficiency and accuracy. In our
series, one individual template contained the information of
between two and six conventional templates (mean, 3).
Finally, the size of the conventional template cannot be
changed with the target area, unlike the individual template
products, which can thus guarantee that the target area can
be covered by one template. And the diameter of needle
pathway in the digital modal individual template can be
adjusted to fit needles with different diameters.

This digital model of an individual template is suitable
for radioactive seed interstitial implantation in the head and
neck region and can enhance implantation accuracy, as well
as simplifying the procedure. The use of individual tem-
plates and CT guidance for radioactive seed implantation in
this area is feasible, and permits the delivery of highly loca-
lized brachytherapy.
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