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ABSTRACT

Silicone implants are largely used both in aesthetic and reconstructive medicine, thanks to their
recognized biocompatibility. The damage of breast prostheses as a consequence of accidental impacts,
is however one of the possible critical situations in their use. The behaviour of silicone breast prostheses
in case of accidental impacts, for example in a car accident, is studied by experimental crash tests,
accounting for the action exerted by seat belts during impact. Possible effects of aging over the
mechanical response of the implants are also considered and approached. Static compression tests
performed after long term aging indicate a possible degradation of prosthesis mechanical performance,
which should be considered when analysing the possible consequences of an accidental damage.
Keywords: breast prostheses, mechanical impact, car accident, crash test, aging, damage.

1 INTRODUCTION

Silicone gel breast implants have been used worldwide for over 50 years, since their invention
by Cronin in the early 1960s [1]. The number of women undergoing breast insertion, either
for aesthetical reasons and for post mastectomy surgery, has steadily grown throughout the
years; in 2018 more than 1.8 million implants were inserted for augmentation only and it has
been estimated that 5 to 10 million women have received breast implants worldwide. The
market of breast prostheses has undergone in the years a somewhat oscillatory trend, often
as a result of discussions over the safety of silicone implants after long term use (e.g.,
activation of breast implant associated — anaplastic large cell lymphoma, BIA-ALCL) and/or
in allegedly critical conditions (e.g., use of airplane or scuba diving activity) [2], [3]. Among
the multiple potential complications associated with the use of breast implants, this research
focuses on the implant rupture as consequence of mechanical impacts as, for instance, car
accidents. In particular, the possibly incorrect use of safety belts may enhance the probability
of implant rupture due to mechanical overstress in case of accident.

Data regarding the incidence of rupture rates are published by the three-major silicone gel
breast implant producers (Allergan, Mentor and Sientra) [4], [S], but today there are still only
limited studies that can give us an idea about the overall, actual incidence of breast implant
rupture causes [6], [7]. It is especially difficult to render comparable rupture rates among
different types of breast implants, manufacturers, and rupture detection methods. Among the
different mechanisms proposed for implant rupture, the most common is the damage from
surgical instruments (50%—64% of all causes), followed by unidentified opening/rent without
indication of cause (no evidence of sharp instrument damage, 35%—37%), fold flaw (8%),
shell swelling (reduction of the shell strength due to migration of the silicone fluid from the
gel to the shell), delamination, manufacturing defect, surgical impact and trauma to the
implant, like an external pressure to the chest or closed capsulotomy. Focusing on the
traumatic rupture, it is reported that most trauma do not cause a prosthetic rupture, except in
case of impact with sharp objects. On the other hand, it recognized that many rupture can
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remain silent for long time with, without evident sign for the patient [6]. An accurate review
of the scientific literature shows that there are no studies regarding the relationship between
the impact loads, which typically can occur in a car accident, and the risk of breast implants
rupture. Although there is a wealth of scientific papers related to the medical consequences
of implant rupture and to the clinical methods of detecting damages [7]-[9], engineering-
based investigations about the possible conditions leading to rupture are very limited [10].

As a matter of fact, in the event of a car accident, loads from the compression exerted by
the seat belt may be transferred to the breast. Of course, even worse is the case of accident
with no seat belt used, leading to direct impact with steering wheel or other parts of the
vehicle. For this reason, our group approached a preliminary study at the mechanisms and
the physical aspects of the impact and how this is related to the possible damages of the breast
implants. It is important to stress that, as evidenced by the cited papers, a damage of the
implant following a car accident does not necessarily require surgical intervention, but in
many cases a visit by a physician and/or an instrumental check is highly recommended.

A discussion about the danger of rupture should consider also the possible aging state of
the prosthesis at the time of the accident. Silicon rubber employed in breast prostheses is
selected also on the basis of its long-term properties, which guarantee a long endurance to
the implants. The duration of an implanted prosthesis is estimated in the range of 12 to more
than 35 years [11]; moreover, it should be considered that in most cases, removal or
replacement is the result of causes not related to the implant aging or defects. However, from
the clinical point of view, the aging is usually intended in terms of swelling or diffusion of
internal gel, or in terms of biomedical effects over the surrounding tissue. Such effects are
object of common testing procedures by producers, as required by national and international
standards and regulations, e.g., EN ISO 14607:2018. On the other hand, from a mechanical
point of view, the aging of cross-linked shell rubber may lead to mechanical stiffening and
reduced deformability, which can result in degradation of mechanical performances in case
of accidental impacts. In order to estimate the possible relevance of such phenomena,
mechanical tests after periods of permanence in biological saline solution at the body
temperature were performed.

For the explanted implants, a sensitivity on aging was presented, although no correlation
between aging, dimensions and shape of the implant could be defined at present, since
previous history of the patients and implants could not be retrieved in detail. Further
investigations with both new and explanted implants are being performed to better evidence
and estimate possible aging effects.

2 EXPERIMENTAL
Prostheses explanted from living patients for medical reasons, not related to previous
mechanical impacts or damages, were selected for the tests. Two different shapes (round and
raindrop implants) were selected, which were produced by a primary breast prostheses
manufacturer. The round and raindrop implants had a volume of 150 cm?® and 180 c¢m?
respectively.

Compression tests were carried out to determine rupture loads and deformations. A
maximum pressure limit was identified after which the implant developed a permanent
deformation and was more prone to rupture. Tests were carried out with a MTS858 Mini
Bionix II testing machine, by pressing the prostheses between two flat metal plates at
constant, slow crosshead rate (1 mm/min). Squeezing deformation at failure and internal
pressure were estimated during the tests. The internal pressure was estimated as the ratio
between applied force and measured footprint of the deformed implants just before the
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rupture. Data from these tests were used for a preliminary identification of possible critical
conditions for subsequent static test after aging and for dynamic impact tests.

To estimate possible effects of aging of shell rubber, prostheses were maintained in 0.9%
NaCl saline solution at 40°C for about one year and three months, when rupture occurred
during tests. DSC and dynamic-mechanical analysis of aged shell material were performed
during this time span which, however, could not evidence detectable changes in the glass
transition or other thermal properties. Static compression tests were carried out on a
prosthesis (raindrop shape) aged for different times, until rupture occurred. The specimen
was periodically compression tested at a force, which was 70% of the rupture compression
load initially measured on an equal prosthesis.

Dynamic tests simulating a car accident were carried out with a specific instrumentation
commonly employed to test the effects of structural crash impacts and, in particular, to assess
the safety of seat belts. The test facility consists of a sled that can be moved along a 80 m
long rail, to a desired speed and stopped with a selected deceleration program. Deceleration
is controlled by a set of plastic deformable aluminium beams connected to the sled, which
undergo extensive buckling during impact.

An anthropomorphic dummy (Hybrid II; H2-50) with a round breast prosthesis applied,
was placed on a seat with belts, which was mounted on the sled for the tests. Accelerometers
placed on the sled and directly connected to the dummy allowed to record the actual
deceleration history. Visual inspection of breast prostheses was done to evidence failure signs
after deceleration tests, in particular to detect possible leakage of internal gel.

3 RESULTS AND DISCUSSION
Static tests were carried out on two different kinds of prosthesis (round and raindrop shape)
and evidenced a limit of the static load and pressure that these can sustain. Fig. 1 shows the
round prosthesis before and after complete rupture by compression.

Figure 1: Round prosthesis before and after rupture in compression test.

Fig. 2 shows the compression set-up before and during tests. The load, plates positions
and contact area between deformed prosthesis and plates was recorded throughout the test.
The results of compression tests are compared and reported in Fig. 3.

Rupture occurred at about 3 and 4 kN of pressing force for round and raindrop implants.
Considering that the shell material is the same for the two implant shapes, it is not surprising
that in both cases the rupture starts at a very similar internal pressure, of about 2 bar. It is to
be noted that the estimated internal pressure at rupture is not at all related to the limit
hydrostatic pressure that the implant can sustain, for example during a scuba diving
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Figure 2: Compression test set-up of rain drop shape prosthesis.
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Figure 3: Compression test results of two different shaped prostheses.

immersion or in a hyperbaric chamber. However, it can be considered relevant in a number
of situations of impacts against blunt objects, as for example a car accident with a safety belt
passing on top of the breast or a bad fall on a flat surface from a consistent height. It is also
to be noted that such impacts can result substantially more critical than those indicated for
the testing of new prostheses as required by EN ISO 14607:2018. The results were also
relevant in the selection of impact velocity and maximum deceleration in case of vehicle
impact tests later preformed.

To assess possible influence of ageing over shell rupture elongation and, in general, on
the overall behaviour of the prostheses, static tests were repeated with the same loading
program, after selected aging periods (few months) up to more than one year. In these tests
the specimen pressing was stopped at 70% of the rupture load measured before aging; this
corresponds to an inner pressure slightly lower than 70% of rupture pressure. No visual signs
of material changes were detected after tests with implant aged up to about one year.
However, after 15 months aging, rupture with internal gel leaking was evidenced. This result
suggests that a significant physical modification of shell properties may occur with aging
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time. Considering the very limited number of loading cycles before rupture, possible effects
of repeated tests are not deemed relevant.

Dynamic impacts were tested to simulate car accidents at different vehicle speed. Breast
implants were mounted on an anthropomorphic dummy by adhesive tape, positioning a safety
belt passing over the prosthesis. This may appear an incorrect position, but breast damages
due to the pressure of seat belts are certainly not unusual [12]. Fig. 4 shows the dummy
assembly for the tests.

(@) (b)
Figure 4: (a) Prosthesis implant fixed on Hybrid 1T dummy; and (b) Crash test facility.

Two crash conditions, simulating impacts at 50 km/h and 90 km/h were selected. In the
first situation, no evident rupture was visually observed. In the second crash conditions a
clear rupture, with loss of gel, was observed (Fig. 5). The measured maximum deceleration
was of about 25 g for both impacts, but in the second crash the time span was of course
longer. Fig. 6 shows two instant frames of the impact events recording.

e

Figure 5: Damage of the prosthesis and gel leakage after impact.
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Figure 6: Instant pictures of the dummy during impact.

It should be noted that car accidents in such conditions may produce important damages
to the car occupants; safety features, i.e. belts and airbags, are intended to be highly efficient
right in these situations, to avoid primary consequences [13]. On the other hand, the chance
of “secondary” or minor consequences of impacts, which are not immediately detectable,
should not therefore be neglected.

4 CONCLUSIONS

Breast implants for aesthetical or medical purposes are nowadays very common. Their
production and use is subjected to quite stringent regulations regarding their body
compatibility and durability. On the other hand, there are situations which may require
additional attention, related to a safer use of such prostheses. In particular, in case of
relatively high energy impacts as those involved in car accidents or similar impacts,
prostheses may undergo to damages not immediately detectable, which, on the other hand,
may produce delayed effects. In addition, the long-term use of such implants may lead to
ageing of the physical and mechanical properties that, although little relevant in terms of
body compatibility or reaction, can result in a variation of mechanical performances and
response during potentially critical impacts. In this paper, some evidence of such behaviour
is reported, which strongly suggests a better attention to such aspects and more thorough
investigation about possible long term aging effects of implanted prostheses.
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