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The Effect of Postmastectomy Radiation Therapy
on Breast Implants

Material Analysis on Silicone and Polyurethane Prosthesis
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Donato Casella, PhD,‡ Roberto Matassa, PhD, EBM,† Selenia Miglietta, BSc, PhD,†

Franco Marinozzi, PhD,§ Fabiano Bini, PhD,§ Ilaria Fratoddi, PhD,|| Fabio Sciubba, PhD,||
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Introduction: The pathogenic mechanism underlying capsular contracture is
still unknown. It is certainly a multifactorial process, resulting from human body
reaction, biofilm activation, bacteremic seeding, or silicone exposure. The scope
of the present article is to investigate the effect of hypofractionated radiotherapy
protocol (2.66 Gy� 16 sessions) both on silicone and polyurethane breast implants.
Methods: Silicone implants and polyurethane underwent irradiation according
to a hypofractionated radiotherapy protocol for the treatment of breast cancer.
After irradiation implant shells underwent mechanical, chemical, and micro-
structural evaluation by means of tensile testing, infrared spectra in attenu-
ated total reflectance mode, nuclear magnetic resonance, and field emission
scanning electron microscopy.
Results: At superficial analysis, irradiated silicone samples show several visible
secondary and tertiary blebs. Polyurethane implants showed an open cell struc-
ture, which closely resembles a sponge. Morphological observation of struts from
treated polyurethane sample shows a more compact structure, with significantly
shorter and thicker struts compared with untreated sample. The infrared spectra
in attenuated total reflectance mode spectra of irradiated and control samples
were compared either for silicon and polyurethane samples. In the case of
silicone-based membranes, treated and control specimens showed similar bands,
with little differences in the treated one. Nuclear magnetic resonance spectra on
the fraction soluble in CDCl3 support these observations. Tensile tests on silicone
samples showed a softer behavior of the treated ones. Tensile tests on Polyure-
thane samples showed no significant differences.
Conclusions: Polyurethane implants seem to be more resistant to radiotherapy
damage, whereas silicone prosthesis showed more structural, mechanical, and
chemical modifications.

Key Words: breast, implants, mastectomy, polyurethane implants,
reconstruction, radiotherapy, silicone implants

(Ann Plast Surg 2018;00: 00–00)

P ostmastectomy radiation therapy (PMRT) is shown to decrease local
recurrence and improve survival rate in patients with 4 or more pos-

itive axillary lymph nodes and in patients with tumors larger than 5 cm.

Several studies are now expanding PMRT indications, including pa-
tients with stage II cancers and less than 4 involved nodes.1,2 Standard
fractionated chest wall radiotherapy uses 2-Gy daily fractions for up to
6 weeks of treatment. Over the past decade, the use of hypofractionated
radiotherapy, which consists of delivering higher dose per fraction for
shorter number of sessions (2.66 Gy � 16 sessions), is widely increas-
ing. It is well known that radiation therapy leads to a higher risk of cap-
sular contracture causing breast distortion, pain, and unsatisfactory
aesthetic outcome.3,4 The pathogenic mechanism underlying capsular
contracture is still unknown. It is certainly a multifactorial process,
resulting from human body reaction, biofilm activation, bacteremic
seeding, or silicone exposure.5,6 Indeed, while the nature of radiation
effects on soft tissues has been deeply investigated, only few studies
have examined radiation effects on breast implants.7–9 We previously
described the effect of PMRT on breast implant surface addressing
morphological and chemical alterations of silicone breast implants
exposed to the conventional protocol of radiotherapy (2 Gy � 25 ses-
sions).10 The aim of the present article was to investigate the effect
of hypofractionated radiotherapy protocol (2.66 Gy � 16 sessions)
both on silicone and polyurethane breast implants.

METHODS AND MATERIALS
Textured medical grade silicone implants (260 mLMemè TMP)

and polyurethane (435 mL Replicon MXP) implants were kindly pro-
vided by Polytech (Polytech Health & Aesthetics GmbH, Dieburg,
Germany). The breast implants were wrapped in a shell that simulated
the characteristics of the surrounding soft tissue (ExaFlex Bolus) with
a thickness of 1 cm and density comparable to the skin and subcutane-
ous tissue (1.03 g/cm). The Bolus has been perfectly adhered to the
prosthesis to avoid the presence of air spaces that would modify the
dose distribution10,11 and underwent irradiation according to a hypo-
fractionated radiotherapy protocol for the treatment of breast cancer.
The protocol consisted of a total radiation dose of 42.56 Gy, fractioned
into 16 treatments. Nonirradiated prostheses of comparable size were
used as a control.

Surface Analysis
From the domed area of each implant, shell samples of approxi-

mately 1 cm2 were randomly collected through the use of scissors.
Specimen morphology was characterized by field emission

scanning electron microscopy (FE Hitachi S4000, Japan). Samples
were mounted on aluminum stubs using adhesive carbon tape and then
sputter coated with a conductive layer of platinum (Emitech K550 sput-
ter coating). Silicone samples were observed at an accelerating voltage
of 5 kV; polyurethane samples were observed at an accelerating voltage
of 20 kV.

Infrared spectra in attenuated total reflectance mode (ATR-
FTIR) spectra have been recorded on solid samples with a Bruker Ver-
tex 70 spectrophotometer.
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Nuclear magnetic resonance (NMR) spectra were recorded in
CDCl3 and D2O at 298 K on a Bruker AVANCE III spectrometer at
9.4 Toperating at the hydrogen frequency of 400.13MHz and equipped
with a Bruker multinuclear z-gradient inverse probe head.

Mechanical Characterization
Tensile tests were executed on both treated and untreated sam-

ples with a tensile tester (Zwick/Roell Z010, Ulm, Deutschland).
Dog-bone–shaped specimens were obtained from the shell of each
breast implant. In accordance with Yildirimer et al,12 an extension rate
of 100 mm/min was selected. The samples were stretched until rupture
while recording stress-strain curves. The elasticity modulus (Emod) was
computed according to ASTM standards for each sample using the
linear tract of the stress-strain curve (t). Breaking strength and strain
were also recorded. Experiments were performed in triplicate.

Statistical Analysis
Data analysis was performed using MedCalc software (Ostend,

Belgium). Conditions of normality were checked using D'Agostino-
Pearson test. Differences between treated and control groups were
assessed using either paired-sample t test (for normally distributed data)
or Mann-Whitney U nonparametric test (for data not following normal
distribution). Ten different microscopic fields at a 30� magnification
were acquired for each group. For silicone samples, average roughness
(Ra, arithmetic average deviation from the mean line) and kurtosis (Rku,
a measure of the distribution of spikes above and below the mean line)

were calculated. For spiky surfaces,Rku is greater than 3; for bumpy sur-
faces, Rku is less than 3; perfectly random surfaces have kurtosis of 3.
Skewness (Rsk) were calculated by Fiji free software, using roughness
calculation plug-in (Rsk is a measure of the asymmetry of the profile
about the mean line; negative skew indicates a predominance of valleys,
whereas positive skew is seen on surfaces with peaks).

For the polyurethane sample, open cell pore size and inter-
connection dimensions were calculated with Fiji free software, using
Analyze→ Measurement function.

RESULTS
At superficial analysis, nontreated silicone samples appear as

having a blebbing surface; more precisely, there are primary larger blebs
on the top of which sometimes a small valley or a secondary small bleb
is visible. Blebs' surface seems to be smooth.

Irradiated silicone samples, on the other hand, show a completely
different aspect. On the top of the primary blebs are several visible sec-
ondary and tertiary blebs with heterogeneous dimensions that confer
a very irregular aspect to the sample (Fig. 1).

Roughness analysis was carried out on images taken at the same
magnification and kV in order to represent the same area in each pho-
tograph. The roughness parameters calculated were Ra, Rku, and Rsk.
The values of all these parameters measured in the normal and treated
samples were statistically different. The Ra roughness parameter defines
an average surface finish value; from the Ra value, it can be understood
that the average profile in the treated samples is lower than the average

FIGURE 1. Field emission scanning electron microscopy of silicone samples. A and B, Control (untreated) silicone samples.
C and D, Treated silicone samples.
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profile of normal samples, but there is no information on the spatial fre-
quency of irregularities or the shape of the profile. The other 2 param-
eters Rsk (skewness of the assessed profile) and Rku (kurtosis of
the assessed profile) give us important morphological information.
The Rsk value in the treated samples is higher than that in normal sam-
ples, which means that the surface area of the treated samples has a
higher number of peaks than the surface area of the untreated samples.
The Rku value is higher in the treated samples, which means that the

shape of the peaks on the surface of the treated samples is sharper than
that of normal samples. Considering the results of the 3 roughness pa-
rameters as a whole, we can state that the radiotherapy treatment in-
duces a significant change in the surface morphology of the silicone
prosthesis and the height of the profile decreases, and the surface be-
comes more irregular (rough) due to the presence of a greater
number of protrusions and to the sharper shape of the protrusions
themselves (Table 1).

FIGURE 2. Field emission scanning electron microscopy of polyurethane samples. A and B, Control (untreated) polyurethane samples.
C and D, Treated polyurethane samples.

FIGURE 3. Typical stress-strain tensile curves recorded for
silicone samples. Breaking point, X.

FIGURE 4. Typical stress-strain tensile curves recorded for
polyurethane samples. Breaking point, X.
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Polyurethane implants showed an open cell structure, which
closely resembles a sponge. Pore areas and perimeter, together with
struts length and thickness, were measured, and results were compared
between treated and nontreated samples (Table 2).

Morphological observation of struts from treated sample shows a
more compact structure, with significantly shorter and thicker struts
compared with normal sample. Shorter struts imply shorter perimeter
and narrow area in treated sample (Fig. 2).

The ATR-FTIR spectra of irradiated and control samples were
compared either for silicone or polyurethane samples. In the case of
silicone-based membranes, treated and control specimens showed sim-
ilar bands, with little differences in the treated one. In particular, in the
irradiated sample, the stretching and bending peaks due to the Si-CH3

and Si-O-Si bonds are lower in intensity, suggesting an alteration of
the polymeric chain. On the contrary, no changes in the ATR-FTIR
peaks of the polyurethane samples were observed, suggesting a more
stable behavior upon irradiation.

The NMR spectra on the fraction soluble in CDCl3 support these
observations, and in the silicone-based sample, upon irradiation, possi-
ble esterification processes can be envisaged by the disappearance of
the carboxylic signal at approximately 4.0 to 3.2 ppm. The polyurethane
sample appeared more stable with respect to the silicone one.

Tensile tests on the polyurethane samples showed no significant
differences between control and treated conditions; thus, we now can
conclude that the irradiation protocol produced no appreciable effects
on the tensile properties of the material (Figs. 3 and 4).

For the silicone samples, both treated and control silicone sam-
ples revealed, as expected, a marked hyperelastic behavior; thus, their
stiffness were described by the elastic modulus, Emod, computed from
the initial linear part of the stress-strain curve. In particular, the
treated samples exhibited a softer behavior than the control samples
until approximately 200% strain and then became significantly stiffer
from higher strains until breaking. Treated samples were also charac-
terized by a lower breaking strain but almost the same breaking
strength (Table 3).

DISCUSSION
Breast reconstruction with expanders and implants is one of the

most commonly used techniques for breast reconstruction following
mastectomy.13,14 With the increasingly frequent use of radiotherapy
as fundamental part of the treatment of breast cancer, plastic surgeons
are encountering many more patients who may need PMRT.15–17 Cap-
sular contracture represents the main complication, resulting in poor
expansion, breast distortion, and pain, often requiring additional sur-
gery.18,19 The pathogenic mechanism is still unknown, but it is certainly
a multifactorial process due to the interaction between human body and
implant.20 While the effects of radiation on soft tissues have been
deeply investigated, only few studies have examined radiation effects
on breast implants.10 The standard fractionated radiotherapy for
breast cancer uses 2-Gy daily fractions for 5 to 6 weeks of treatment.

We already studied the alterations of prosthetic implants after standard
fractionated radiotherapy in our precedent article.10 The use of hypo-
fractionated radiotherapy protocol is getting popular over the past de-
cade, leading to less treatment sessions with higher Gy daily doses. In
the current study, a multitechnique approach has been pursued to char-
acterize both silicone and polyurethane prosthetic implants in terms
of modifications in their surface morphology, mechanical properties,
and material chemistry after hypofractionated radiotherapy protocol.
In particular, the surface analysis showed deep modifications in
the silicone irradiated implant consisting of formation of many sec-
ondary and tertiary blebs with heterogeneous dimensions on the top
of the primary blebs, whereas the irradiated polyurethane implants
showed significantly shorter and thicker struts compared with nonirra-
diated implant, resulting in a more compact structure.

The ATR-FTIR spectra showed similar bands between silicone
irradiated and nonirradiated implants, with little differences in the
treated one. In particular, in the irradiated sample, the stretching and
bending peaks due to the Si-CH3 and Si-O-Si bonds were lower in in-
tensity, suggesting an alteration of the polymeric chain. On the contrary,
no changes in the ATR-FTIR peaks of the polyurethane samples were
observed, suggesting a more stable behavior upon irradiation.

Also, the tensile test demonstrated more variations on silicone
implant compared with the polyurethane one. In fact, polyurethane
samples showed no significant differences between control and
treated conditions.

CONCLUSIONS
Our study investigated with a multitechnique approach the alter-

ations of hypofractionated radiotherapy protocol on silicone and poly-
urethane implants. Polyurethane implants seem to be more resistant to
radiotherapy damage, whereas silicone prosthesis showed more struc-
tural, mechanical, and chemical modifications. With our study, we have
identified which alterations occur at the implant level without presump-
tion to identify their clinical implications. Certainly, further in vitro
studies will be needed to gather evidence on cell-biomaterial interaction
phenomena at the surface of irradiated implants.
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