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INTRODUCTION

OBJECTIVE

Shape-memory polymers (SMPs) are smart materials suitable for modifying size, shape, stiffness, and
strain in response to different external stimuli. Nitinol, used in the medical field, has increased in recent
years and is the most important example of SMPs. In this study, we aimed to make the dosimetric eval-
uation of Nitinol to test its usability in Brachytherapy treatment.

METHODS

To achieve the aim of the study, we designed a tandem to be made of polyamide 12 for the straight part
(4 and 6 centimeters on both sides) and Nitinol for the angled part (4 centimeters). Afterward, we placed
the produced tandem into the bolus and measured the dose using different dosimetry methods such
as the treatment planning system (TPS), GafChromic film dosimetry, and MOSFET dosimetry. Three
different measurements were made with the same irradiation dose for each measurement method, and
the average results were recorded.

RESULTS

The Euclidean distance between the source and the measuring point was 34.0 millimeters for the
Polyamide 12 part, and 32.8 millimeters for the Nitinol part. The calculated irradiation time was 284.9
seconds for the Polyamide 12 part and 268.2 seconds for the Nitinol part. Considering the irradiation
times and source distances, the calculated difference between Nitinol and Polyamide 12 was 1.15%. This
difference was 1.0%, 1.87%, and 2.08% for TG43, MOSFET, and GafChromic film dosimetry, respectively.

CONCLUSION

In conclusion, Nitinol did not have a negative effect on the dose distribution. However, these results
should be supported by further studies including other dosimetry measurements.
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and strain in response to different external stimuli such
as heat, electric and magnetic fields, water, or light,

Shape-memory polymers (SMPs) are defined as smart  similar to pH, body temperature, and ions. The most
materials suitable for modifying size, shape, stiffness, important feature of SMPs is their ability to return to
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their original shape in the absence of the stimulus with-
out any help. Because of these excellent features, SMPs
have received great attention in various fields and are
increasingly used in many areas such as sensors, smart
textiles, aerospace, robotics, and biomedicine.[1-3]

The most studied SMP types are thermally induced
forms. Melting and glass transition temperatures are
the main two thermal transition factors underlying the
mechanism. As a result of direct thermal application
higher than the polymer’s transition temperature, the
transitory shape of SMP can be programmed. Glass tran-
sition temperature-based polymers have a slow shape re-
covery feature compared to melting temperature-based
samples. In addition to this feature, temperatures of glass
transitions near physiological body temperature are ap-
propriate properties for biomedical applications.[4-6]

Nitinol is an alloy that contains Nickel (Ni), the
seventh most abundant transition metal with face-
centered cubic (FCC) coordination, and the twenty-
second most abundant element in the earth’s crust,
Titanium (Ti), a transition metal. Nitinol deforms at
low temperatures and returns to its predetermined
shape when heated above its transformation tempera-
ture. The most important feature of superelastic 55Ni-
45T1 tubes is that they can be bent ten times more than
steel tubes without kinking or collapsing. Because su-
perelastic Nitinol tubes can be bent ten times more
than steel tubes without kinking or collapsing, and
combined with wide biocompatibility, Nitinol is used
for manufacturing microsurgical equipment. Several
manufacturing methods of Nitinol have been devel-
oped, such as melting, fabrication, forming, machin-
ing, joining, finishing, coating, powder processes, and
thin film. Developments in laser cutting, forming, pho-
tochemical etching, or surface finishing technologies
have improved the physical and mechanical properties
of Nitinol. The control of surface finish and corrosion
resistance plays a key role in medical implants.[7-11]

In this study, we aimed to make the dosimetric eval-
uation of Nitinol to test its usability in Brachytherapy
treatment.

MATERIALS AND METHODS

Preparation of the Tandem for Experimental
Measurement

For the study’s purpose, a Nitinol material tube allow-
ing the passage of radioactive material and a tandem
made of polyamide 12 (PA 12) material, stably holding
this tube, were designed. A Multi Jet Fusion (MJF) 3D
printer was used for the part of the tandem to be pro-
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duced from PA 12 (Fig. 1). For the dimensions envis-
aged in the technical drawings, the standard precision
in production was £0.3% (+0.1 mm lower limit), layer
thickness was 0.08 mm, minimum wall thickness was
0.5 mm, and the print resolution was 1200 dpi.

Dose Measurement

Three different dosimetry methods were used during
the dose measurements of the prototype produced
(treatment planning system (TPS) for virtual, Radio-
chromic Film Dosimeter System (EBT3 model, Ash-
land Specialty Ingredients, Bridgewater, NJ, USA), and
Mosfet Dosimeter (Best Medical Canada) system for
actual). To use these dosimetric methods, the calibra-
tion of the Radiochromic Film Dosimeter System and
Mosfet Dosimeter systems was first performed. The dis-
tance of the measuring points was chosen completely
randomly from TPS, and the Euclidean distance of the
measuring point for the Polyamide 12 and Nitinol sec-
tions of the tandem was 34.0 and 32.8 mm, respectively.

Radiation Delivery

Planning was made using ACUROS BV and TG43-
based calculation algorithms to obtain a dose of 3.0 Gy
by selecting a single source position at the measurement
points determined virtually in the Treatment Planning
System, and the dose values obtained from both algo-
rithms were recorded. At the times calculated with the
ACUROS BV calculation algorithm, firstly, the MOSFET
detector (Fig. 2) and then the EBT3 film (Fig. 3) were
irradiated separately, and the obtained measurement
values were recorded. We used an Iridium-192 radioac-
tive source. The source activity was 8,757 curie, and the
calculated irradiation duration was 284.9 seconds for the
PA12 part and 268.2 seconds for the Nitinol part.

=

Polyamide 12 part

Fig. 1. Produced applicator.
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Fig. 2. MOSFET dosimetry.

Statistical Analysis

Categorical variables were described as counts and
percentages (%), whereas continuous variables were
described as means (+standard deviation). The cor-
relations (r values) were assessed using Pearson’s
correlation coefficient. All tests of significance were
two-tailed with a p-value <0.01.

RESULTS

In the Treatment Planning System, dose definition was
made at a fixed point with two different algorithms. Af-
ter that, irradiation was conducted for the calculated
time to obtain this dose, and measurements were taken
using MOSFET and GAFchromic film dosimetry. This
time was calculated as 283.9 seconds for Polyamide 12
and 268.2 seconds for Nitinol. During these periods,
which were calculated using the ACUROS BV calcu-
lation algorithm, the MOSFET detector and the EBT3
film were irradiated separately, and the measurement
results are given in Table 1. For the Polyamide 12 part,
320+6.6 cGy was measured using the MOSFET dosim-
etry, and 316.8+3.4 cGy was measured using the GAF-
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Applicator

Fig. 3. Film dosimetry.

chromic film dosimetry, while a dose value of 326+3.6
cGy was measured using the MOSFET dosimetry and
324.7+3.4 cGy was measured using the GAFchromic
film dosimetry for the Nitinol part. The values obtained
from the TPS and the measurements we made are giv-
en in Figure 4 and Figure 5, and the values obtained for
the tandem and cylinder parts of the applicator were
evaluated in correlation with each other (Table 2).

DISCUSSION

Advancements in radiotherapy today have been char-
acterized by increasingly conformal treatment. The aim
of radiotherapy in the modern era is to spare healthy
tissue while delivering a biologically effective dose to
the target. The advantage of highly conformal tech-
niques is the delivery of a higher dose per fraction over
fewer fractions. Brachytherapy refers to the placement
of radioactive sources within, or in direct proximity to,
the tumor and is the original form of highly targeted
radiotherapy. It allows for local dose intensification
greater than what can typically be achieved with exter-
nal beam radiotherapy (EBRT). Prostate cancer, gyne-
cologic cancers, breast cancers, head and neck cancers,
and skin cancers are the sites that are frequently treated
with brachytherapy.[12]

Although the standard of treatment in patients with
endometrial cancer is upfront surgery, several newly di-
agnosed patients are unable to undergo surgery because
of medical comorbidities. In this situation, radiation
therapy can be used in patients with early-stage disease
for definitive management, in patients with locally ad-
vanced disease for preoperative treatment, or for the
palliation of symptoms. Historically, low-dose-rate
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Table 1 Measurement results obtained for the Polyamide 12 and Nitinol parts of the tandem

Part of Treatment planning Duration of Distance MOSFET GAFchromic
tandem system (cGy) irradiation between (cGy) film
(second) source and dosimetry
measurement (mm) (cGy)
ACUROS BV TG43
Polyamide 12 300 316.7 284.9 34.0 320+6.6 316.8+3.4
Nitinol 300 319.3 268.2 32.8 326+3.6 324.7+3.4

Tablo 2 Correlation of dose values obtained from the Treatment Planning System with

each other
Nitinol Polyamide 12
TG43 ACUROS BV TG43 ACUROS BV
Nitinol
TG43
Pearson correlation
Sig. (2-tailed)
N
ACUROS BV
Pearson correlation 0.998**
Sig. (2-tailed) 0.000
N 152
Polyamide 12
TG43
Pearson correlation 1.000%* 0.999**
Sig. (2-tailed) 0.000 0.000
N 152 152
ACUROS BV
Pearson correlation 0.999%* 0.999%** 0.999**
Sig. (2-tailed) 0.000 0.000 0.000
N 152 152 153

**: Correlation is significant at the 0.01 level (2-tailed)

(LDR) or high-dose-rate (HDR) techniques have been
used in combination with EBRT and/or alone in appro-
priately selected patients. Advances in imaging and ra-
diation therapy technology in recent years have allowed
for a more precise definition of tumor targets and the
potential for increased accuracy of dose delivery.[13]
The number of applicators that can be used in the
brachytherapy treatment of patients with endome-
trial cancer who cannot undergo surgery is limited.
[14-18] For this reason, new brachytherapy applica-
tors that can be used in patients with medically in-
operable endometrial cancer need to be developed.
Recently, Nitinol, an important biomaterial widely
used in the biomedical field, including orthopedics,
vascular stents, orthodontics, and other medical de-

vices, has been the subject of this study. Nitinol has
unique characteristics, including the shape memory
effect, superelasticity, and high damping.[19]

To evaluate the compatibility of the dose calculated
in the Treatment Planning System with the doses ob-
tained using different measurement methods, first of
all, the factors affecting the dose, which are time (di-
rectly proportional), distance (inversely proportional
to the square), and activity (directly proportional) val-
ues, should be known. The activity during irradiation
directly affects the duration, and the Treatment Plan-
ning System updates the calculated duration by taking
into account the activity of the source (vertical factor).
Therefore, the activity was ignored in the evaluation.
Since measurements will be made at different thick-
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Fig. 4. The relationship between the dose values obtained from the Treatment Planning
System and the distance
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Fig. 5. The relationship between the dose values obtained from the Treatment Planning
System and the distance and the correspondence of the dose values obtained as a
result of the measurements on the graph.

nesses due to the structure of the applicator, the irra- When the literature is examined, the percentage of

diation dose was kept constant, and the uncertainty of  total uncertainty was calculated as 8.4% in low-dose
one more value in the formulation was eliminated. regions (<100 cGy) and 6.9% in high-dose regions
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(>100 cGy) in measurements made with EBT3 film
and 192Ir radioactive-derived brachytherapy systems.
[20] In different brachytherapy applications where
192Ir radioactive-sourced brachytherapy systems are
used, the total % uncertainty in the measurements
performed with the MOSFET detector was calculat-
ed in the range of 5.7-6.2%.[21,22] From this point
of view, the measurement results we obtained were
found to be compatible with the literature.

CONCLUSION

In addition to its shape memory function, Nitinol has
excellent thermal conductivity. Also, because of its
high corrosion resistance and biocompatibility, Nitinol
is especially useful in medical devices. As a result of
our experimental study, it has been shown in our mea-
surements that Nitinol does not have a negative effect
on radiation permeability. In this context, Nitinol can
be used in the production of brachytherapy applicators.
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