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Abstract
Breast augmentation and reconstruction mammaplasty have been in practice for decades and are highly prevalent surgeries performed worldwide. While
overall patient satisfaction is high, common long-term effects include breast tissue atrophy, accelerated ptosis and inframammary fold breakdown.
Increasing evidence attributes these events to the durative loading and compressive forces introduced by the breast implants. Mechanical challenges ex-
ceeding the elastic capacity of the breast tissue components, eventually lead to irreversible tissue stretching, directly proportional to the introduced mass.
Thus, it is suggested that, contrary to long-standing dogmas, implant weight, rather than its volume, stands at the basis of future tissue compromise and
deformation. A novel lightweight implant has been developed to address the drawbacks of traditional breast implants, which demonstrate equivalence
between their size and weight. The B-Lite® breast implant (G&G Biotechnology Ltd., Haifa, Israel) design allows for a reduction in implant weight of up to
30%, while maintaining the size, form, and function of traditional breast implants. The CE-marked device can be effectively implanted using standard of
care procedures and has been established safe for human use. Implantation of the B-Lite® breast implant is projected to significantly reduce the inherent
strains imposed by standard implants, thereby conserving tissue stability and integrity over time. In summary, this novel, lightweight breast implant promises
to reduce breast tissue compromise and deformation and subsequent reoperation, further improving patient safety and satisfaction.
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Breast augmentation and reconstruction mammaplasty have
been performed for decades and boast high patient satisfac-
tion rates.1,2 Women of all age groups3 opt for cosmetic im-
provement or restoration of breast volume and symmetry by
means of breast augmentation. Statistics compiled by the
American Society for Aesthetic Plastic Surgery ranked breast
augmentation the second-most-common surgical cosmetic
procedure in the United States in 2013.3 A similar trend has
been observed in the United Kingdom, where breast augmen-
tation was the leading cosmetic procedure performed in
2014.4 Breast reconstruction has become an important means
of improving quality of life following mastectomy; in the
present day, an estimated 20% of the 5 to 10 million women
with breast implants5 have previously had breast cancer.6

Despite their widespread use and well-established safety
profile,2 procedures involving breast implants are associated
with a gamut of postoperative complications,6 affecting a
larger number of recipients as the time from the procedure in-
creases.7,8 Maxwell et al and others have reported long-term

and often permanent tissue deformities, with adverse events
including breast tissue atrophy, accelerated ptosis, sensory
loss, and inframammary fold breakdown.9,10 Vegas and
Martin del Yerro postulate that all these effects are directly
related to the biomechanical (viscoelastic) properties of soft
tissues and their response to loading and compressive forces.
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Moreover, secondary mastopexy and related complications of
revisional surgery chiefly stem from the augmentation-
induced modifications of the breast tissue.11 This article pre-
sents a literature based exposition of the role of breast
implant weight in long-term breast augmentation complica-
tions. The discourse is hinged upon fundamental laws of
physics and materials, and is further strengthened by the
primary author’s clinical experience performing more than
15,000 breast augmentation over more than three decades.

Breast Composition and Response
to Mechanical Forces

The female breast is composed of various tissue types, the
relative ratios of which are influenced by both endogenous
and exogenous elements and shift with age, hormonal status,
lactation, and body mass index.12-15 More specifically, during
pregnancy, the breast reaches maximal maturity and con-
tains a high glandular-to-fat ratio.16,17 In contrast, in re-
sponse to reduced estrogen levels, the glandular mammary
tissue fully atrophies throughout menopause, significantly
altering the makeup of the breast.17 Each tissue component
features a characteristic elasticity profile that bears a unique
capacity to respond to both naturally occurring and externally
exerted stresses, such as weight-induced mechanical strain.
The fibrous tissue elements demonstrate the highest strain-
dependent modulus, in sharp contrast to the fat compo-
nent, which bears a relatively constant modulus over a
range of applied strain levels.18

A spring-mass model provides a simple, yet effective,
approximation of elastic systems such as breast tissue. As
Hooke’s Law dictates, the degree of tissue stretching will be
proportional to its mass and inversely proportional to its
elasticity (Figure 1). Thus, gravitational forces, aggravated
by accelerative forces on the breast, are directly proportion-
al to tissue and implant weight and inversely proportional
to their elasticity. When maintaining an upright, static
posture, the pull of gravity on the breast is constant and
unidirectional. In dynamic states such as walking, descend-
ing stairs, and running, accelerative forces result in signifi-
cant breast movement and tissue impact. In breast kinematic
measurements made on a treadmill, all kinematic variables
significantly increased with breast size. Vertical bare-
breasted displacements increased on average from 4.2 cm
for an A-cup-sized breast to 9.9 cm for a G-cup-sized breast.
In addition, measured velocities and accelerations in-
creased more than three-fold between these breast sizes. In
their scaling models, Scurr et al found that breast mass was
the only anthropometric measure to consistently explain
differences in breast kinematics between cup sizes.19

Repetitive, accumulated forces expose breast tissue com-
ponents and their underlying support structures to static
and dynamic stress.20 Thus, the breast tissue’s response
to such stress will be a function of its overall makeup as

well as the precise location, intensity, and duration of the
applied stress and the regional tissue components. The
health problems secondary to macromastia, including poor
blood circulation, impaired breathing, shoulder indenta-
tion, chronic back or neck pain, and ulnar paresthesia,
further attest to the long-term adverse effects of breast
weight on proximal tissues and organs.17 Resection of 256 g
breast tissue has been shown to be sufficient to signifi-
cantly alleviate the physical symptoms of macromastia and
was shown to be as effective as resection of tissue weight
exceeding 1000 g.21,22 Taken together, even a slight reduc-
tion in breast tissue weight can adequately reduce gravita-
tional forces on the tissue, diminishing their long-term
detrimental effects and associated symptoms.

Breast Augmentation and Long-term
Mechanical Stress

Tissue expanders, employed as part of a variety of plastic
surgery and reconstructive procedures, impart an initial

Figure 1. Hooke’s law and breast tissue responses. The elastic
tissue of the breast is symbolized by a spring with constant K. In
a static, upright posture, the weight of an implant will displace
the breast downwards with a force proportional to the weight of
the implant, as described by the following formula: F ¼ m � g,
where F is the force,m is the mass, and g is the standard gravity
constant. The tissue’s stretch is linear (within the elasticity
limits of the tissue), and, therefore, tissue displacement will in-
crease in direct correlation with implant weight. The displace-
ment is described as DX ¼ F=K, where DX is the displacement,
F is the force applied, and K is the spring constant. A heavier
implant will result in increased forces and consequential stretch
of the breast, as compared with a lighter implant. Therefore, as
can be seen in Figure 1, F1< F2 and DX1 , DX2. Reprinted with
permission from G&G Biotechnology Ltd., Haifa, Israel.
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stress on breast tissues, leading to cellular growth and
tissue regeneration, which only cease when the tissue
achieves full relaxation.23 In contrast, extensive and dura-
tive compression, which directly correlates to the implant’s
weight, induces irreversible tissue derangement. In other
words, the extending forces’ impact on tissues is transient
and weight-induced mechanical stress is persistent and un-
relenting. Age- and/or hormone-related changes in support
structures within the breast tissue will dictate the tissue’s
overall response to its augmented postimplantation weight.10

Upon subjection to persistent compression loading, the
tissue’s inherent vulnerability is eventually translated to
dynamic creep deformation and consequential ptosis and
thinning. Such effects are suggested to be more prevalent
with heavy implants (>350-400 g) and among women
with reduced breast support tissue, causing increased
stretching and thinning of the breast envelope and paren-
chymal atrophy, uncorrectable chest wall deformities, and
compromised tissue vascularity.24 For this reason, in his
High Five™ system, Tebbetts ranks breast implant weight
second in priority among the five most critical preimplanta-
tion decisions surgeons must make.25 Considering such issues
preoperatively has been shown to reap clinical benefits,26-28

lowering reoperation rates by five-fold or more.29,30

It is broadly recognized that multiple factors – notably,
tissue integration – dictate the long-term effects of breast
implants on the surrounding tissue.31 However, the static
and dynamic forces that impact breast tissue, defined by
the implant’s mass, are exerted independent of the other
factors. Although further investigation and modeling will
be necessary to better characterize the effect of tissue inte-
gration on implant-induced stress, it is safe to assume that
lower implant weight will result in smaller forces and stress
on the tissues, regardless of the degree of tissue integration.

In summary, contrary to long-standing precepts that are
largely based on the equivalence of the weight and volume
of conventional silicone and saline breast implants, the
breast implant’s weight, rather than its volume, is the cause
of many postoperative complications and side effects.
Long-term stability of the augmented breast directly corre-
lates to the resilience of breast tissue and implant weight.
Implant weights exceeding tissue support capacities will
ultimately lead to tissue atrophy and breast deformation.

A Lightweight Solution

Since their introduction, saline and silicone breast implant
volume and weight have been synonymous (specific
gravity: 1.0 g/mL and 0.97 g/mL, respectively). Recognition
of the weight-dependent impact of mechanical forces on
breast tissue integrity has prompted the design of the novel,
fifth-generation form-stable, silicone gel B-Lite® Lightweight
Breast Implant (LWBI) (G&G Biotechnology Ltd., Haifa,
Israel). The round or anatomical implant (Figure 2) contains

a continuous phase, reinforced, medical-grade silicone gel
filler enriched with inert, high-purity, hollow, borosilicate
glass microspheres chemically bound to and encapsulated
by the gel network. Microsphere spatial positioning is fixed
by means of a proprietary curing process. Furthermore, the
microspheres are surface-treated to increase their hydropho-
bicity and ensure that they remain affixed within the silicone
gel. The resulting high-strength bond between the micro-
spheres and the gel is estimated to significantly exceed that
of the cohesion forces within the gel, effectively creating
gel-covered microspheres and obviating the risk of both free
microspheres leaking from the encasing shell and/or sepa-
rating from the gel. In the unlikely event of shell degradation
or rupture, the gel-microsphere bond ensures bodily expo-
sure to gel material only, as would be the case with rupture
of a conventional silicone gel implant. Taken together, the
unbreakable nature of the gel, the microspheres, and the
microsphere-gel interactions result in an implant with a
marked mechanical gel strength that is instrumental in main-
taining the form and structure of the implant, resisting dis-
persion even in case of rupture (Figure 3). Furthermore, the
microspheres are size-selected to achieve the desired spatial
distribution and concentration. The strictly enforced particle
size limitation (>30 µm) stymies leaching and migration
through the intact shell. Likewise, in the unlikely event of
the implant’s rupture and direct contact of its contents with
bodily tissues, the microspheres are too large to undergo
phagocytosis or drainage through the lymphatic system and
would, at most, only elicit a local foreign body reaction.

Utilizing microspheres enables a substantial reduction of
the implant’s weight, up to 30%, when compared with con-
ventional silicone-filled implants of equal size. Simultaneo-
usly, their presence reduces the volume of gel required to
fill the implant, further lowering its silicone content. The
gel is confined within a standard silicone elastomer shell

Figure 2. Round and anatomical B-Lite® Lightweight Breast
Implants (LWBIs). The current B-Lite® catalogue includes over
350 styles and sizes. Reprinted with permission from G&G
Biotechnology Ltd., Haifa, Israel.
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with an internal barrier layer, which is sealed with a patch
composed of the same silicone elastomer and barrier
layer. The shell, which is prepared in a high-quality man-
ufacturing process, has been in clinical use for years as
part of an array of commercially available implants that
have been implanted safely in hundreds of thousands of
women. The implant’s final shape is dictated by the outer
shell, which is available in both smooth and textured
forms, and is identified by shape, volume, profile, and
projection measures. The B-Lite® material is available in
volumes ranging from 45 to 920 cc and is implanted into
the submuscular or subglandular planes using standard
procedures.

Microspheres in Clinical Applications

Both resorbable and permanent microspheres, alone or as
composite agents, have many clinical applications in the
fields of aesthetics, orthopedics, oncology, urology, den-
tistry, dermatology, gastroenterology, and cosmetics (among
others) for close to a century and have a remarkable safety
record. Microspheres are also integrated into an array of
products, such as injectable dermal fillers and bulking
agents for aesthetic use, soft tissue bulking agents, hard
tissue fillers, embolotherapy agents, drug delivery systems,
dental fillers, vaccine delivery systems, topical dermal lu-
bricants, and reflective agents in cosmetic applications as
well as for imaging purposes. Borosilicate glass, in particu-
lar, is an insoluble, inert,32 low-alkali, corrosion-resistant,
and biocompatible substance that has been approved

for pharmaceutical, cosmetic, and tissue regeneration ap-
plications, following establishment of the absence of carci-
nogenic, genotoxic, and oral toxic effects of both silica33-35

and elemental boron and borates below a specific dose
range.36 Furthermore, in a study in which borosilcate glass
pellets were implanted into rabbit tibiae, boron release into
the subject animals was well below toxic levels.37

Borosilicate glass is ubiquitous in clinically applied materi-
als and is reportedly a part of over 750 cosmetic products.35

Its high silicate concentration renders it nonreactive and
elicits little, if any, host tissue responses,32 making it an
ideal reference agent for biomaterial biocompatibility
tests.38,39

In summary, borosilicate microspheres exhibit superior
biological, mechanical, and chemical properties, such as
crush resistance, biocompatibility, inertness, and chemical
resistance, making them a preferred biomaterial for demand-
ing medical applications. It is for this reason that borosili-
cate microspheres were selected as an integral weight-
reduction component of the LWBI.

Preclinical Validation of the B-Lite® LWBI

The various elements of the LWBI design were extensively
vetted in preclinical testing and validation phases. An ex-
haustive battery of stringent biocompatibility, mechanical,
and chemical tests were performed to establish the safety of
B-Lite® for human use and its equivalency with or superior-
ity to currently marketed silicone breast implants (Figure 4).
Tests were conducted at leading laboratories under good
laboratory practice conditions according to applicable inter-
national standards, including ISO 10993 and ISO 14607,
and based on an in-depth risk analysis performed by G&G
Biotechnology Ltd. All tests simulated worst-case scenarios,
involving exposures to the highest concentration of micro-
spheres and implant filler material, to assess the maximal
untoward effects of potential implant rupture. The tests
demonstrated that the cohesion of the silicone gel filler is as
required by the standards, as were the implant’s resistance
to fatigue, impact and static rupture.

After multiple fatigue resistance tests, the gel remained
intact. Following simulated gel exposure to bodily fluids,
by means of submersing B-Lite® gel fragments in saline for
an extended period of time, no visible separation, swelling,
or deterioration of the gel and no microsphere “escape”
was observed. Moreover, in this test, chemical characteriza-
tion of LWBI extracts proved its equivalence to standard sil-
icone gel implants, and no microsphere leaching was
detected. Crush strength tests demonstrated that the borosi-
licate microspheres in B-Lite® can withstand pressures of
over 200 psi (>13 atm), far beyond the pressure ranges
women are predicted to be exposed to following implanta-
tion, including during flight and recreational diving.

Figure 3. Microsphere-enhanced silicone gel. Integration of
silicone gel cross-linked to borosilicate microspheres yields a
reinforced gel. The magnified segment shows the high cross-
linking density at the surface of the microspheres, resulting in
a microsphere-gel adhesion strength exceeding the gel’s inter-
nal strength of cohesion. Even in the unlikely event of rupture,
microspheres will remain bound within the gel and will not
disperse. Reprinted with permission from G&G Biotechnology
Ltd., Haifa, Israel.
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Biological testing of the device, including short- and
long-term implantation, simulated worst-case scenarios by
evaluating implants cut in half, a significantly more severe
condition than would occur in a natural rupture, but one
which allowed for direct contact between the filler and the
tissues. The tested filler had either an equivalent or higher
concentration of microspheres as compared with the
product in clinical use. The B-Lite® implants successfully
passed all tests, and no migration of microspheres was ob-
served, demonstrating the strong chemical bond between
the microspheres and the silicone gel. In addition, no gran-
ulomas, irritation, or migration of the gel or the micro-
spheres were noted in the cut implants. The LWBI has also
been determined to be compatible with common breast
imaging methodologies, as well as magnetic resonance
imaging (MRI)-compatible and MRI-safe. Overall, the
B-Lite® LWBI is considered to be biocompatible with
human tissues and mechanically sound under both normal
and worst-case conditions.

Breast implants are a Class III device under European reg-
ulations and, accordingly, must comply with a long list of
standards and directives. Approval for such devices is ob-
tained from a Notified Body, which, for B-Lite®, is the
German MDC (Medical Device Certification GmbH), an orga-
nization specifically authorized to approve breast implants.
The Notified Body reviews the Design Dossier (Technical
File) of the device from technical, preclinical, and clinical
perspectives and ensures that both the company and the
product are in compliance with all necessary directives and
standards. The LWBI was granted a CE-mark in Europe
in 2013. The device’s status under US Food and Drug
Administration (FDA) regulations is considered proprietary
commercial information until that information is formally
published.

As this paper was designed to provide theoretical back-
ground in support of lightweight breast implants, the clini-
cal outcomes of ongoing clinical studies lie beyond the
scope of the article and will be described in follow-up

Figure 4. Preclinical test matrix. Extensive testing was performed by independent test laboratories under good laboratory
practice conditions. Worst-case conditions were simulated for every test. The B-Lite® LWBI passed all the conducted tests
successfully.
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publications. Thus far, clinical experiences with B-Lite LWBI
have been positive.

CONCLUSION

In conclusion, breast implant weight is a critical determi-
nant of long-term clinical outcomes. The B-Lite® LWBI was
designed to be a lightweight alternative to conventional sili-
cone breast implants that would maintain the form and
function of currently marketed products, but would reduce
the incidence of those products’ untoward weight-related
effects. All mechanical, chemical and biological tests, simu-
lating worse-case scenarios, demonstrated LWBI resilience
and safety for human use. Preliminary clinical results con-
firmed its safety profile and efficacy.

Considering soft tissue’s responses to an implant as part
of surgical planning promises to significantly reduce
adverse effects on the tissue. The addition of B-Lite® to im-
plants is expected to enable the surgeon to achieve the pa-
tient’s desired breast shape without jeopardizing long-term
tissue stability or integrity. Such avoidance of tissue com-
promise and deformation as well as, ultimately, reoperation
is projected to further improve both patient satisfaction
with and the long-term outcomes of the world’s most
popular aesthetic surgical procedure.
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