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Abstract

Purpose: T2 magnetic resonance imaging (MRI) is recommended as the imaging modality for image-guided
brachytherapy. In locally advanced cervical carcinoma, combined endocavitary and interstitial applicators are appro-
priate (Vienna or Utrecht). To cover extensive disease, Template Benidorm (TB) was developed. Treatment planning
system applicator libraries are currently unavailable for the Utrecht applicator or the TB. The purpose of this work is
to develop an applicator library for both applicators.

Material and methods: The library developed in this work has been used in the Oncentra Brachytherapy TPS,
version 4.3.0, which has a brachytherapy module that includes a library of rigid applicators. To add the needles of
the Utrecht applicator and to model the TB, we used FreeCAD and MeshLab. The reconstruction process was based on
the points that the rigid section and the interstitial part have in common. This, together with the free length, allowed us
to ascertain the position of the tip.

Results: In case of the Utrecht applicator, one of the sources of uncertainty in the reconstruction was determining
the distance of the tip of needle from the ovoid. In case of the TB, the large number of needles involved made their
identification time consuming. The developed library resolved both issues.

Conclusions: The developed library for the Utrecht and TB is feasible and efficient improving accuracy. It allows
all the required treatment planning to proceed using just a T2 MRI sequence. The additional use of specific free avail-
able software applications makes it possible to add this information to the already existing library of the Oncentra
Brachytherapy TPS. Specific details not included on this manuscript will be available under request. This library is also

currently being implemented also into the Sagiplan v 2.0 TPS.
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Purpose

For cervical cancers, T2 magnetic resonance imaging
(MRI) is the preferred image modality for image guided
brachytherapy [1,2,3,4,5,6,7,8,9,10]. Traditionally, cervical
cancer has been treated using only endocavitary applicators,
i.e,, uterine tandem plus ovoids/ colpostats, or ring. Magnetic
resonance imaging-guided brachytherapy has revealed the
clinical target volume (CTV) coverage limits of these intra-
cavitary applicators. In response, new applicators with inter-
stitial components as well as the basic intracavitary applicator
have been developed, e.g., the Vienna applicator (Nucletron,
an Elekta company, Elekta AB, Stockholm, Sweden) [11],
which uses plastic needles around the ring or the Utrecht
applicator (Nucletron, an Elekta company, Elekta AB, Stock-
holm, Sweden) [12] with plastic needles on the ovoids.

For locally advanced cervical carcinoma with moderate
extension to the parametrium, combined endocavitary and
interstitial applicators are appropriate. Nevertheless, they
cannot cover extensive disease affecting the distal vagina

and/or parametrium. In these cases, interstitial treatments
are recommended [6,13,14,15,16,17,18]. For instance, our
institution has developed Template Benidorm (TB), a new
combined endocavitary and interstitial applicator that is to-
tally compatible with MRI [17]. Template Benidorm makes
it possible to combine intracavitary brachytherapy with
MRI-compatible transperineal interstitial needles. So, in our
department, the Utrecht applicator or TB are selected de-
pending on the lateral or vaginal extension of the disease.

Treatment planning based exclusively on MRI is pre-
ferred to other traditionally employed image modalities
[10]. Thus, the exclusive use of MRI for planning reduces
reconstruction uncertainty, saving time, and increasing
patient comfort.

Groupe Européen de Curiethérapie and European So-
ciety for Radiotherapy and Oncology (GEC-ESTRO) has
published recommendations for commissioning and ap-
plicator reconstruction in MRI based treatment planning
for cervix cancer brachytherapy [10], and contrasted the
reconstruction issues involved with the use of MRI or
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computed tomography (CT). While the source channel is
well visualized in CT images, applicator reconstruction
is more challenging when using MRI images. Availabili-
ty of commercial dummy sources for MRI is limited, and
image artifacts may occur with titanium applicators.

One of the most important recent advances in the TPS
(Nucletron, an Elekta company, Elekta AB, Stockholm,
Sweden) has been the availability of the applicator library.
It allows whole applicator reconstruction based on just
a few anchor points, improving the accuracy, and it over-
comes the lack of adequate MRI dummies. However, to our
knowledge, no such library is currently available with the
interstitial components of the Utrecht and the TB. Moreover,
in these cases, the final applicator configuration is implant
specific, since the needle arrangement is necessarily patient
dependent.

The purpose of this work is to present a method to add
the specific interstitial component to an existing TPS rigid
library for the Utrecht and TB templates, thereby allow-
ing more efficient reconstruction using only T2 MRI-based
planning.

Material and methods

Applicators, magnetic resonance imaging
acquisition, and TPS

The Utrecht Interstitial CT/MRI Applicator Set (Nucle-
tron, an Elekta company, Elekta AB, Stockholm, Sweden)
has been specifically developed for combined intracavitary/
interstitial treatment of gynecologic cancers [12]. Its design
is based on the Fletcher CT/MRI Applicator Set (Nucletron,
an Elekta company, Elekta AB, Stockholm, Sweden), and it
uses the ovoids as a template for interstitial needle place-
ment (up to 4 plastic needles in each). The insertion depth of
the needles can be controlled using insertion tool. The final
needle set-up is implant dependent in both trajectory and
depth. However, although there are dummies for the endo-
cavitary component, there are none for the interstitial one.
Currently, the needle positions are reconstructed using their
black tunnel signal on T2 MRI and their insertion depth.

The TB (Lorca Marin, Murcia, Spain) consists of a tem-
plate to allocate multiple Titanium needles and a cylinder,
uterine tandem [17,18]. This template improves the exist-
ing MUPIT [14] template (Nucletron, an Elekta company,
Elekta AB, Stockholm, Sweden) in that it implements both
titanium needles and an intracavitary component, and is
fully MRI compatible. The template consists of two perineal
plates with two central holes that allow placement of a vag-
inal cylinder, available in different sizes to accommodate
different vaginal lengths and intrauterine tubes of vary-
ing angles and lengths. Additionally, the plates are drilled
with holes to introduce straight and angled titanium nee-
dles [18]. The plates have three dimples where three A-vita-
min pellets are placed. These pellets produce a high signal
in both T1 and T2 sequences and are used in the reconstruc-
tion process. The needles are reconstructed following their
black tunnel signal and tip void. In T1 MRI, the positions
can be determined properly but in T2, there is insufficient
contrast [18]. Therefore, the depth of each needle must be
obtained by measuring the free length with a ruler.

The MRI scans of the patients were acquired with
a 1.5 T MRI imager (Optima MR 450w, software version
DV24, GE Medical Systems, Milwaukee, Wisconsin, USA).
An eight-channel phased array receiver coil was used fol-
lowing standard clinical MRI protocols. Following the
GEC-ESTRO recommendations [6,7,8], the acquisition con-
sisted of an axial T2 weighted fast recovery fast spin echo
(FRFSE) sequence with the slice thickness reduced to 2 mm.
This sequence was used for both delineation and reconstruc-
tion. Magnetic resonance imaging acquisition setting details
have been described in a publication by Richart et al. [18].

The developed library has been implemented in the
Oncentra Brachytherapy TPS, version 4.3.0, with a bra-
chytherapy module that includes a library of rigid appli-
cators. An independent program, the Library Manager
Applicator (LMA), was used to add 3D models of the ap-
plicators to the Oncentra database.

Utrecht and Template Benidorm applicators
implementation in the TPS library

In the Oncentra TPS (Nucletron, an Elekta company,
Elekta AB, Stockholm, Sweden), the input files for the li-
brary application manager are a set of Extensible Markup
Language (xml) files organized in a hierarchical structure.
The main file has a rule.xml extension. In this main file,
each applicator, with all its options, is configured for use in
Oncentra. The blocks used in this file are separate files that
include information about properties of channels, ovoids,
etc. These blocks are divided in four kinds of files: tubes,
ovoids, cylinders, and fixations. These files contain four
subsections: 1) a description of the file, including the part
ID and the type; 2) the set of anchor points; 3) the connec-
tors used; 4) information about the surface of the element
(called the cursive in Oncentra).

The Utrecht applicator

In this case, we started from a model provided by
Elekta without the interstitial component. The first chal-
lenge was to determine distance from the surface of the
ovoids of the output points of the needles. We used the
technical information provided by Elekta to obtain the co-
ordinates of the output points of the needles in the intrin-
sic reference system of the ovoids (Figure 1). To determine
the coordinates in the reference system of the applicator,
we had to find the required translation and a rotation.
The translation is given by the tip position of each ovoid
tube. To find the rotation, we obtained the plane of each of
the ovoid tubes from the data in the file corresponding to
the ovoid tube in the center curve section, using the min-
imum square method. After defining the planes, we had
to match the x and z directions in both reference systems.

Once we had the output points, the next step was to
create a file corresponding to each needle. A 3D mod-
el of each needle was created with FreeCAD (version
0.14, http://www.freecadweb.org/) and open para-
metric modeler software. By exporting this model to an
Wavefront .obj file (obj) and processing it in Excel, we
got the cursive section. The connector for the needle in
this new file was also obtained using a FreeCAD model.
The connectors defined in the ovoid tube file are the out-
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Fig. 1. Intrinsic reference system of ovoid from technical data provided by Elekta

puts points for the ovoid computed in the Utrecht appli-
cator reference system.

Template Benidorm

The modeling process for TB was different. Because
only intrauterine tubes from the vaginal applicator set
were included in the Oncentra data base, we had to use
FreeCAD to create a new 3D model of the template. Using
this program, we translated the real prototype to a vector
file and modeled titanium needles, 4 cylinders (45 mm,
80 mm, 100 mm, and 135 mm), and the perineal plates
with the A-vitamin pellets (Figure 2). This step gave us
the necessary information regarding the skin of the appli-
cator, and provided data we needed for the relative posi-
tions of all the parts that configured the applicator, so that
the connectors could be created. With all this information,

we created different files and their links using techniques
described in previous sections.

Reconstruction procedure

For the Utrecht applicator, the MRI T2 reconstruction
process was based on the points that the rigid section and
the interstitial part have in common. First, the rigid part
was reconstructed using the specific dummies that existed
for the tandem and ovoids, which were clearly visible in T2
sequence, together with the cursive of the applicator. These
have been described in a previous publication [19] and the
dummies are currently provided to users by Elekta. These
dummies consist of catheters filled with a saline and iodine
mixture. Just water provides sufficient visibility, and the
iodine colors the liquid to facilitate checking for bubbles.
The distal end of the dummy corresponds with the maxi-

LIRS

e ang® oV H

Fig. 2. Template Benidorm modeling using FreeCAD
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mum source-to-indexer distance of the high-dose-rate after-
loader. The tip position of both ovoids and the tip position
of the intrauterine tandem (MRI markers) are used as an-
chor points to locate the applicator. Small corrections to bet-
ter fit the signal void and the MRI markers are made, using
the indentations in the cursive of the ovoids and tandem.
Unlike tandem and ovoids, this type of dummy is incom-
patible with plastic needles, due to their narrower diameter.
Because the needles are not perfectly rigid, slight deviations
in the modeled positions of the needle tips can be present.
To account for this, small corrections can be made by rotat-
ing the needles at their exit points on the ovoids.

The correct modeling of the intracavitary component
gives us the location of the needle output points; these are
the exit points at the ovoid’s surface. Combining this infor-
mation with the free length, enables us to know the com-
plete needle position. In case of TB, once the choice of the
needles was made, we entered the configuration of needles
and the free length data into a home-made java application
(Figure 3) to generate xml files and then imported them to

I Yomplace Besiderm Configoration

the LMA from Oncentra. In the LMA, we chose the cyl-
inder and the intrauterine components and then exported
that information to Oncentra. After selecting the previous-
ly composed model, we located the three pellets in the im-
age to determine the position of the applicator. As in the
Utrecht case, we made some small corrections using the
cursive data to improve the position of the cylinder and
the intrauterine tandem, and verified these changes using
the signal void data from the MRI image. Slight deviations
from the modeled positions of the needles were correct-
ed as described above with the aim of matching the the-
oretical position with the black signal on the MRI image.
A good match is important because the position of tip of
the needle is inter-related to the free-length data (Figure 4).

Results

This library procedure has been applied in 25 patients.
We have found that the generation of different needle
arrangements can accommodate many clinical circum-

Fig. 3. Home-made application produced using JAVA to generate Template Benidorm model (left) and library manager applicator

screenshot (right)

Fig. 4. lllustration of the Template Benidorm plate alignment using the three A-vitamin pellets as anchor points (left and middle).

On the right, the orientation of the needles is determined
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Fig. 5. Resulted rendering of Utrecht applicator (left) and Template Benidorm (right)

stances (number of needles, insertion depths, etc.). With
the TB, as previously explained, a specific utility has been
developed to manage various needle length values. Fig-
ure 5 shows both applicators after implementation in the
Oncentra system. Figure 6 illustrates Utrecht and TB re-
construction on MR T2 images. This reconstruction pro-
cedure is very efficient, reducing uncertainty. Moreover,
all reconstruction and planning is performed with a single
T2 MRI sequence, which is the imaging modality recom-
mended as optimal for contouring [6,7,8,9].

Discussion

Traditionally, reconstruction methods based on appli-
cator libraries are not used in cases involving interstitial
components, because the whole applicator may not be con-
sidered rigid and the needle arrangement is patient depen-
dent. However, we think that this option would be helpful
in treatment planning procedures. Therefore, in this work,
we present a method to include interstitial applicators in
the Oncentra TPS library, and we describe a reconstruction
method for planning purposes.

In case of the Utrecht applicator, the lack of dummies
makes setting the needles challenging. Locating needle
tips is essential to accurately determine the maximum
source-to-indexer distance; however, the black line avail-
able on T2 MRI makes this determination very difficult.
Prior to the development of the library presented in this
work, we used the following procedure in Utrecht appli-
cator reconstruction: 1) the positions of the catheters of the
tandem and ovoid were determined from that of the ex-
isting saline dummy; 2) needles were reconstructed using
the methodology described in Perez-Calatayud et al. [20].
Briefly, this consisted of using insertion depth information,
i.e., the depth from the ovoid’s surface to the needle tip,
provided by the radiation oncologist. Then a software ruler
set to the insertion depth was placed on the reconstructed
plane and used to define the different catheter points, in-
cluding the needle tips. As was reported previously [20],
the insertion depth reproduced using the software ruler,
corresponds to the distance from the ovoid’s surface but

with an offset of -0.7 c¢m, to account for the maximum
source-to-indexer distance of 129 cm in the afterloader (mi-
croSelectron, version 2 or 3 from Elekta). This procedure
is laborious and involves some amount of uncertainty in
setting the exit point of the needle from the ovoid together
with the assumption that the needle is perfectly straight.

In our opinion, the use of the library we have devel-
oped significantly improves efficiency. First, a virtual ap-
plicator can be selected according to the needle depths; the
tandem and ovoids can be quickly set because the rigid
applicator structure allows the use of dummies and appli-
cator’s cursive. Once the ovoids are established, the nee-
dles exit points can be obtained and only slight corrections
are needed to adjust their position according to their signal
void at the tip boundaries.

To assess the improvement in accuracy, both recon-
struction methods have been used in three different plans.
One of the benefit of the new proposed method is evi-
denced with the more precise tip determination for both
catheters, tandem, and ovoid, improving the 2-mm un-
certainty due to the partial volume effect because the MRI
slice thickness. In the case of needles, the proposed method
reduces previous uncertainties of about 2 mm on the exit
point from the ovoid, and up to 5 mm at needle tip. Larger
deviations on needle tip determination are due to the as-
sumption of perfectly straight needles. By using the devel-
oped library, it is also possible to blend the virtual needle
to better fit curved trajectories of the real one.

In the case of the TB, which uses titanium needles, the
reconstruction can usually be based on needle artifacts
that can be seen in T1 MRI sequences, using the void at
the tip as the needle tip position. Nevertheless, tissues
surrounding the needles can present heterogeneities that
complicate the accurate identification of these artifact
patterns, and this difficulty is more pronounced in T2 se-
quences, which is the preferred sequence for contouring.

Before we had the library solution proposed here,
we did TB reconstruction as previously described [18].
Briefly, this method is based on knowing the free needle
lengths and the positions of typical MRI pellet markers.
Template Benidorm uses three small A-vitamin pellets
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Fig. 6. Three T2 magnetic resonance imaging views (transversal, sagittal, and coronal) with the applicator in place and with
applicator mask superposed. Utrecht (left) and Template Benidorm (right)

(which are hyper-intense on MRI images), compressed
by both applicator plates to define the central plane of the
plates’ arrangement. Typically, needles 20 cm in length
are used. Two points are selected on each needle to define
the straight line. From such line and the plane data, the
intersection can be obtained. Then, using the free length
(knowing the offset distance), the coordinates of the nee-
dle tips can be obtained. This method requires an external
spreadsheet to compute the tip and plate needle coordi-
nates to be introduced into the Oncentra TPS. Although
this procedure is usable, identifying the positions of large
numbers of needles is time consuming,.

With the new method presented here, the time re-
quired to identify needle positions is greatly reduced, at
least up to 50%. The virtual applicator with the required
needle depth is selected in Oncentra and, using the three

A-vitamin pellets as guides, is set on the MRI T2 image
study. Then each needle orientation is set using just an
axial plane image, in which the void at the tip of the tita-
nium needle is clearly visible with good contrast. Typical-
ly, just two axial planes are sufficient to set all the needles.

The advantages of this approach for the TB are the
time savings (we estimated it in at least around 50%,
averaging the time benefice in different cases and dif-
ferent physicist) and the reduction of the probability of
catheter misidentification, which can be an issue because
of the large numbers of needles number typically used in
clinical practice (minimum 14 needles).

The method proposed here is specific for the Oncen-
tra TPS, and also the Elekta Utrecht and TB applicators.
However, it can be adapted to other TPS and interstitial
applicators taking into account their specific applicator
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library management. For example, this methodology
is currently being developed also for the TPS Sagiplan
(Eckert & Ziegler, Bebig, Germany). In Sagiplan, there is
a set of pieces (called cursive), with which we compose the
applicators (called cursive). Inside each cluster configura-
tion, we obtain the relative position between all of pieces
that conform that cluster. So, in an example of an applica-
tor with an interstitial part, as Vienna applicator [11], with
a 3D model with the output points of needles perfectly de-
termined, we could configure a similar system as described
above. There is a work in progress within this project.

Conclusions

The interstitial component library that has been de-
veloped for the Utrecht applicator and TB is feasible and
efficient, saving time and improving accuracy. It allows
all the required treatment planning (contouring, recon-
struction, and optimization) to proceed using just a T2
MRI sequence. The additional use of specific free avail-
able software applications makes it possible to add this
information to the already existing library of the Oncentra
Brachytherapy TPS. Specific details not included on this
manuscript will be available under request. This library is
also currently being implemented also into the Sagiplan
v 2.0 TPS (Eckert & Ziegler, BEBIG).
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