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51.1
Three Generations of Gel Implants

It may seem quite surprising to most of the plastic sur-
geons around the world that the Americans are the last
to be able to use silicone gel implants without signifi-
cant restrictions being placed on them. The FDA Advi-
sory Panel recommended approval of the devices in the
spring of 2005, and the Agency issued “Approvable” let-
ters in the summer of the same year to the two domestic
manufacturers of the devices. Despite this scientific
foundation for these devices, they were not finally ap-
proved until November of 2006. The round devices
have not been approved, and it is felt that the shaped
devices, currently so popular in Europe, will not be
evaluated for at least a year after final approval of the
round devices.

In his standard setting article of 1997, Dr. W. Peters
concisely characterized the three different “genera-
tions” of silicone based breast implants [1]. This de-
scription has been reaffirmed as the standard citations
by others [2–4]. Each generation had specific charac-
teristics that distinguish it as significantly different
than the preceding iteration of the devices.

The first generation implants featured thick shells and
a firm gel. They were produced until approximately 1979.
Second generation devices were significantly different
from their predecessors, with thin shells, and a thin less
viscous gel inside. The gel was almost liquid in consisten-
cy. Loss of shell integrity resulted in the gel freely flowing
out of the implant into the surrounding scar capsule,
with the shell collapsing into it, producing the character-
istic “linguini” sign on MRI [5]. The implants had no
effective barrier layer, so the shell wall was permeable to
the shorter chain fragments of the gel, and when it
diffused through the shell was called gel bleed and was
detectable as a film layer on the exterior of the implant.

Surgeons are currently implanting the third generation
of breast implants. Generation three implants are char-
acterized by firmer gel and thicker multi-layer shells
with a barrier coat, resulting in extremely low gel bleed.
These devices represent a dramatic departure from
generation two implants. The devices never have an ex-
terior film layer, and the cross linking of the gel is so
complete that if the implant is cut in half, none of the
gel flows out of it (Fig. 51.1).

To describe this characteristic “stickiness” of the gel
in these implants, they are all referred to as “cohesive,”
meaning the contents hold together and will not dis-
perse when the shell is broken. Despite the increased
firmness, generally, these implants do not fracture.

Fig. 51.1. Sample of Mentor smooth round MemoryGel implant
cut in half
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There were differences from manufacturer to manu-
facturer regarding when they abandoned generation
two and moved to generation three; the current devices
have been in use for almost 20 years. There have been
no significant design differences in these generation
three devices, but there have been improvements and
refinements in manufacturing techniques. Many feel
that the negligible level of small chain fragments which
escape from the devices explains why they do not seem
to have high levels of capsular contracture as seen in
early generations.

51.2
What Are Cohesive Gel Implants?

The manufacturers have regulated the levels of cohe-
sion among the generation three implants to obtain the
desired clinical characteristics and usage of the device,
but the basic class characteristics remain the same
across the generation. Generally, greater cross-linking
of the gel results in a firmer, form stable device. When
this is coupled with an asymmetrically shaped shell,
unique shapes can be created for different clinical situ-
ations.

For each manufacturer, the description of the device
varies. Mentor has a scale used internationally to differ-
entiate the different cohesive products. Cohesive 1 re-
fers to the current round gel products being used in the
Adjunct and Core Gel studies, currently under review
by the FDA. Cohesive 2 is a slightly more firm gel used
internationally in round gel implants. Cohesive 3 is the
most firm (form-stable) option and it is used in the
CPG product. The Mentor CPG device, the Inamed
style 410 introduced in 1993, and the less cross linked
410 “Soft Touch,” represent the most cross linked end of
the generation three spectrum, and are form stable
asymmetrical devices. These devices have textured
shells to help maintain their rotational stability.

These devices are referred to as “anatomical” gels
because of this ability to create and sustain a shape.
While the clinical data is still being analyzed, there are
both advantages and liabilities with the more firm
shape stable gel products: they are more palpable, they
require more precise surgical technique when implant-
ing, and run the risk of rotation. Different techniques,
such as a longer incision, must be used for their im-
plantation. This evolutionary difference in the anatom-
ical gels may represent a good option for patients with
specific needs, such as patients who need the implant to
define the breast shape (reconstruction or thin tissue
augmentation patients), but for patients with existing
breast tissue, a round silicone implant is also a great
choice. The surgeon must evaluate the benefits versus
the risks of these shaped devices, and make the best
choice for the patient

In addition, there appears to be some disadvantage
to too much cross linking, as there have been published
reports of implanted devices with gel fractures in the
most cross linked device, the Inamed 410 [6]. Under ex-
treme localized stress the firmer gels can fail along
fracture planes (gel fracture). With gel fracture the
shape of the device will become distorted, even to the
point that the implanted breast will become misshapen.
This type of device failure does not involve a ruptured
shell, but a reoperation may be necessary to achieve a
properly shaped breast mound.

To illustrate how minor differences in the character-
istics of generation three devices can make a significant
difference in clinical behavior, it is important to note
there are only two substantive differences between
Mentor Core and CPG cohesive breast implant devices:
(1) the firmness of silicone gel filler and (2) the contour
shape. The difference in shape of the devices is derived
from the shape of the shell that surrounds the silicone
gel filler. This shape is determined by the mandrel upon
which the shell is formed during manufacture. The dif-
ference in firmness of the gel filler between Core and
CPG is the result of a slightly higher crosslink density in
the CPG product. This produces a firmer, more shape-
retaining gel.

51.3
Technical Differences Among Cohesive
Gel Devices

A chemical crosslink is formed when two reactive
sites on a crosslinker molecule attach, through chem-
ical reaction, to two separate polymer chains that
contain sites that can react with the crosslinking mol-
ecule. Thus a link is formed through chemical reac-
tions between the bridging molecule (crosslinker)
and two polymer chains. The greater the number of
crosslinks (crosslink density) the more firm a gel will
become.

The two reactive moieties that combine to form the
crosslinks are silicon hydride (SiH) on the shorter
crosslink molecules and vinyl groups that are pendant
to (attached to) the polymer chains. The silicon hydride
groups are internal to the shorter bridging molecules
(the crosslinker). The pendant vinyl groups are spaced
along the longer polymer chains. The firmness of the
silicone gel filler depends directly upon the number of
crosslinks between the polymer chains, and, therefore,
upon the amount of crosslinker included in the formu-
lation before the reaction between the silicon hydride
(crosslinker molecule) and the polymer chains with the
vinyl pendant groups. This means simply that, for a giv-
en set of polymers in a gel formulation, the sole deter-
minant of gel firmness is the amount of crosslinker in-
cluded in the formulation.
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Mentor has demonstrated the fact that crosslink
density is the only discernible difference between Core
and CPG devices by measuring physical and chemical
properties of those devices [7]. The data confirm that
the physical properties (ultimate tensile properties, im-
pact resistance, and cyclic fatigue results) of the shells
of the two product families are statistically the same.
This is as expected since the chemical components and
processes for making the shells for the two families are
essentially the same.

Since the chemical intermediates and manufactur-
ing processes for producing the shells for the Core
(Round) and CPG devices are essentially the same, the
chemical character of the two are identical, and homo-
geneous across the generation three devices. Stated
simply, the chemical bonds and the relative numbers of
those bonds per unit volume of shell that are formed in
the manufacture of the shells are identical for both fam-
ilies of products. The only differences in the shells of
the two families are that the CPG devices (1) have a con-
toured shape and (2) the texturing is slightly more po-
rous (a less rough surface) than the shells of the Core
(Round) family.

Similarly, the only differences in the gel filler of the
CPG and Core (Round) devices is that the CPG gel for-
mulation contains a slightly higher level of crosslinker
relative to the vinyl polymer than does the Core
(Round). This means that the kinds of chemical bonds
in the gel that are formed in the manufacture of the de-
vices are the same in both product families. There is
simply slightly more of the crosslink bonds in the gel
filler of the CPG devices.

It is highly likely that Mentor and Inamed are similar
in chemical constituents, and this is borne out in the
physical data presented in the Core Gel studies in 2005
[8]. The only significant difference is the level of diphe-
nyl compounds incorporated in the Inamed shell elas-
tomer. One can speculate then with a fair degree of cer-
tainty that the singular significant difference in the less
cohesive to the more cohesive devices in the Inamed
product lines is the crosslink density, as is the case with
Mentor devices.

It should be noted that any change in the design of
an implant will often involve compromises. The in-
crease in firmness of the gel filler in breast implants is

no exception. Under extreme localized stress the firmer
gels can fail along fracture planes (gel fracture). With
gel fracture the shape of the device will become distort-
ed, even to the point that the implanted breast will be-
come misshapen. This type of device failure does not
involve a ruptured shell, but a reoperation may be nec-
essary to achieve a properly shaped breast mound.
Mentor has experienced very few instances of this type
of failure but is continuing to closely monitor returned
devices for this type of device complaint.

The issue is not whether cohesive gel implants repre-
sent a new generation of devices, they probably do not,
but whether the differences in shape and firmness real-
ly present a significant advantage to plastic surgeons
and their patients. We will be able to answer this ques-
tion with authority once the preapproval studies are
completed and the data reported. More importantly, we
will ultimately have data showing how these implant
design changes are incorporated, not into the practices
of expert researchers, but into the practices of the aver-
age plastic surgeon who chooses to use them.
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