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Summary: Most commercially available breast implants feature some degree of elastomer surface modifications to increase surface roughness, in part because several
clinical series have demonstrated positive outcomes from texturizing. However, the
literature shows that textured implants support higher rates of bacterial growth,
and there is a clear association between increased bacterial contamination and
host response in vivo, such as capsular contracture. Furthermore, the infectious
theory related to bacterial contamination has recently been described as a potential cause in the etiology of anaplastic large-cell lymphoma. Recent research has
focused on the physiology of breast implant surfaces advances and how they interact with the body, creating new surface technologies which have the potential to
affect all aspects of breast surgery. Understanding how surface properties affect
inflammatory cell response will be essential in designing implants that can provide
an esthetic solution while also minimizing long-term clinical complications. This
special topic highlights the current knowledge on silicone implant surfaces, as well
as innovations that have shaped and will continue to change the silicone breast
implant industry in the future. It also provides an overview of the principal surfaces
that exist and may find clinical applications in esthetic and reconstructive breast
surgery. As additional advances emerge, objective tools will be required to evaluate the different surfaces available on the market, along with the long-term efficacy of new technologies. (Plast Reconstr Surg Glob Open 2019;7:e2466; doi: 10.1097/
GOX.0000000000002466; Published online 15 October 2019.)

INTRODUCTION

Silicone gel breast implants are the most commonly
used devices for esthetic and reconstructive breast surgery.1,2 Silicone gel implants have evolved over the years,
and that includes technical alterations and improvements
to enhance surgical outcomes.3,4 The composition of
the silicone gel as well as the degree of texturing of the
outer elastomer has been modified by all manufacturers
such that a wide array of implant types and surfaces can
be selected to best suit each patient and individual breast
anatomy.4
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Despite improvements in design and technology,
commercially available breast implants are not without long-term complications, and the different surface
types differ in the way they interact with the soft tissue.
Capsular contracture (CC) continues to be the most
significant complication, occurring in 14.8%–20.5% of
cases.5 Textured implant shells were introduced in the
1970s to minimize this phenomenon, on the assumption
that an irregular surface would avoid the parallel alignment of collagen fibers causing the centripetal forces
responsible for CC.6 However, the controversy surrounding textured surface implants and whether they reduce
the incidence of CC remains.7–12 Recent retrospective
long-term studies have demonstrated minimal difference between textured and smooth implants with regard
to the occurrence of CC.10–12
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On the other hand, the literature shows that textured
implants have the potential to support higher rates of
bacterial growth, and there is a clear association between
greater bacterial contamination and host response in
vivo.7,13,14 Textured implants have demonstrated a 3 times
higher infection rate over comparable smooth implants
in a prospective series.15 Studies have associated biofilms
with breast implant complications including CC16,17 and
double-capsule formation.18 More recently, the infectious
theory related to bacterial contamination has been implicated as a potential etiology for breast implant-associated
anaplastic large-cell lymphoma (BIA-ALCL).7,8,13,14
Bacterial adhesion to different abiotic surfaces and
biofilm development are proposed mechanisms, regulated by the interaction between the secretion of bacteria extracellular materials and appendages, and surface
charge, topography, and surface energy.19 According to
some authors, bacteria rarely attach directly to an abiotic
surface. Rather, cytokines and matrix proteins produced
by immunological cells impacted further by electrostatic
charge, pH, and temperature interact with both the foreign body and themselves to promote bacterial adhesion.20
Over recent decades, the engineering of silicone breast
implants has progressed to achieve an ideal aesthetic
appearance while reducing unsatisfactory results.21–34 This
report examines different texture morphology to evaluate
the main objective characteristics and potential influences
on long-term outcomes. An overview of recent technological developments in breast implant surfaces and the
potential impact of these surfaces on surgical outcomes
will be reviewed.

essentially 3D X-ray imaging on a very small scale, with
massively increased resolution. In this last device, surface
specimens (1 cm2) are scanned in a MCTS system every
0.25 degrees over a total rotation of 180 degrees, and saved
as 16-bit images in a file format, and the projections are
reconstructed using special software.7,42
Wear and Friction

Tribology is defined as the science and technology of
interacting surfaces in relative motion, with wear and friction being the main parameters utilized.35 Tribology is of
practical importance, because biocompatability of a device
in part depends on friction and wear values. Friction is
defined as the resistance to motion and is measured by
static friction (the force that must be overcome to start
moving the object), and dynamic friction (the force
needed to keep a surface in motion at a constant velocity)
(Fig. 1). Wear is defined as progressive loss of substance
from the operating surface of a body occurring as a result
of relative motion at the surface.43
Different implant surfaces can have different values of
friction and wear and these aspects can result in different behavior with the skin and soft tissues. Authors have
postulated that all implants produce a variable degree
of implant debris over time.44 In fact, friction between
the implant surface and the overlying tissues can cause
chronic inflammation. Friction and wear can lead to the
breaking off of tiny silicone particles from the implant
surface, which can also aggravate inflammation through
macrophage digestion.
Surface Area

Objective Methodology for Assessing Implant Surfaces

Solid surfaces have complex structures depending on
the nature of their composition and the surface preparation method. Surface properties are critical in the interaction of breast implants since they affect the area of
contact, friction, wear, and wettability7,13,35–37 and some of
these properties stimulate soft tissue growth.22,27,35
Profilometry is often used for surface analysis, with
a probe tracing along a straight line on a flat surface.35
When a contact profilometer is used, a diamond stylus
is moved vertically in contact with a surface and then
moved laterally for a determined distance and specified
contact force.38,39 This method can assess small vertical
aspects ranging from 10 nm to 1 mm. Noncontact profilometers are also used, based on different calculation
systems such as laser triangulation, confocal microscopy,
and digital holography;38 even so, most global surface
standards are written for contact profilometers, including the International Organization for Standardization
(ISO) norms.40 Profilometric analysis can define surfaces
according to random deviation from the nominal surface
that forms the 3D surface topography,38,41 with the main
parameters defining roughness (nano- and micro-roughness), waviness (macro-roughness), lay, and flaws.35,38
Micro-computed tomography and confocal laser
scanning microscopy (CLSM) are also generally used to
measure surface area (SA) and roughness as well as various material properties.7 Micro-computed tomography is
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SA has been utilized as an important parameter for
evaluating different surfaces. The SA for a 1-cm2 disk taken
from the implant shell in the most common silicone surfaces available usually ranges from 85 to 551 mm2, and the
surface texture ranges from 8 to 602% greater than that
of a flat surface (79 mm2).42 Atlan et al42 found the highest
SA values for the Nagor Nagotex, Polytech POLYtxt, and
Polytech Microthane surfaces (>300 mm2); results for the
Allergan Biocell, Sientra True, and Eurosilicone Cristalline
surfaces ranged from 200 to 300 mm2, while the Allergan
Smooth, Motiva SilkSurface, and Motiva VelvetSurface
textures had the lowest SA results, ranging from 80 to
100 mm2. Some studies have found increasing evidence
that the inflammatory process, bacterial attachment, and
subsequent biofilm formation are significantly impacted
by surface topography and SA.13,35,37,45,46 Surfaces with
dimensional aspects much smaller than microbial cells
and lower SA have been reported to inhibit attachment
by reducing the contact area between bacteria cells and
the surface.45–48 Compared with smooth surfaces, textured
implant surfaces offer greater SA to integrate into the surrounding soft tissues via the inflammatory process and
also permit tissue ingrowth and bacteria adhesion.22,27,35
Roughness

Surface roughness is one of the most relevant parameters, defined as variations in the height of the surface relative to a reference plane. Average roughness (Ra) usually
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Fig. 1. Implant surface interaction with soft tissue. Friction is defined as the resistance to motion. It is measured by static friction (the
force that must be overcome to start moving the object) and dynamic friction (the force needed to keep a surface in motion at a constant
velocity).

measures microscopic peaks and valleys and represents the
arithmetic average of the absolute values for the roughness
profile ordinates.38,39,41 At this time, Ra is the most frequently
used parameter in engineering practice and can be measured either along a single line profile or along a set of parallel line profiles (surface maps).35,38,39,41 It is usually defined
by 1 of the 2 statistical height descriptors advocated by the
American National Standards Institute and the ISO.35,40
Alterations in the surface Ra of implants influence cell
response by increasing the SA of the implant adjacent to
soft tissues, thereby improving cell attachment.35,37,41,45,46
Despite its importance in terms of surface evaluation, sometimes Ra is not an adequate differential for surfaces, since
it does not differentiate between “spiky” and “scratched”
surfaces, which exhibit the same Ra. Additional parameters are required for this purpose such as Rp (maximum
peak height), Rv (maximum valley depth), and Ry (maximum peak-to-valley roughness height).35,38,39,41,46
Recently Ra has been frequently associated with SA,
and both parameters have been implicated in cell adhesion.7,37 James et al compared biofilm formation on the
surface of implants with varying SA-Ra values.37 The Ra
of each material was assessed using noncontact profilometry, and bacterial attachment and biofilm formation were
tested using a CDC biofilm reactor and CLSM for the presence of Staphylococcus epidermidis, Pseudomonas aeruginosa,
and Ralstonia pickettii. These authors reported significantly
greater bacterial attachment and biofilm formation on
implants with higher SA-Ra values than those with lower
values. Their CLSM findings also confirmed the formation of thicker biofilms on the implants with rougher surface textures.

Skewness/Kurtosis

Two other height descriptors are used besides Ra: skewness (Sku) and kurtosis (Ku).38,49 Both are not measured
parameters per se but rather statistical tools for evaluating
the location and variability of a data set.50 Statistically Sku
is an evaluation of symmetry (or more precisely, lack of
symmetry) and also measures the sharpness of the roughness profile.38,50 Sku represents the degree of distortion
from a symmetrical normal distribution. A symmetrical
distribution will have a Sku of zero.35,50 In general, an
implant surface with a positive Sku pattern implies that
the mean and median will be greater than the mode and
presents more peaks than valleys. Contrarily, a negative
Sku pattern signifies that the mean and median will be less
than the mode and is associated with more valleys than
peaks (Figs. 2 and 3).
Ku, in turn, measures whether the data are heavy-tailed
or light-tailed relative to normal distribution; in other
words, data sets with high Ku values tend to have heavy
tails, or outliers, while data sets with low Ku values tend
to have light tails, or lack of outliers.38,39,50 A rough surface
can be described more accurately if the Ku parameter is
included in the surface evaluation.35,38,39 This parameter
is a descriptor of the “peakedness” of the surface and is
even more sensitive to isolated peaks and isolated valleys
than Sku.39,50
Sku and Ku are other secondary parameters that are
also theoretically relevant in assessing the quality of a silicone implant surface. Table I and Figure 4 demonstrate
comparatively the data related to Ra, Sku, SA, and density
of peaks between the different surfaces available in the
current market.
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Fig. 2. Schematic representation of different Sku patterns: positive Sku equates with a predominance of
peaks than valleys. Negative Sku equates with a predominance of valleys over peaks.

Fig. 3. Comparative average Sku (± SD (SD)) coefficients for commercially available breast implants, measured by non-contact profilometry (uSurf Mobile). Results property of Establishment Labs.

Breast Implant Surface Characteristics

Recent experimental and clinical research has demonstrated that surface topographies influence cell
attachment.7,35,37,45,46 Furthermore, the inflammatory and
bacterial responses to the implant can be greatly modified or even controlled by the nature and texture of the
implant surface.36
Smooth and Nano Surfaces

Smooth surfaces usually appear to be externally smooth
at low magnification, but differential interference contrast
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microscopy reveals an irregular surface pattern. Barr
et al48 observed ripples on smooth implants using scanning electron and light microscopy; the ripples became
more evident at higher magnifications and in electron
microscopy, with average widths of ~5 μm between ripples
(Fig. 5). A smooth surface usually produces a nonadherent dense capsule, with highly aligned and organized collagen fibers.22,42,51 ISO 14607 also classifies the SilkSurface
as smooth; this product has an average of 49,000 contact
points per cm2 which are 16 μm (16,000 nm) deep, with
smaller and shallower depressions representing the smallest surface available compared with previous “micro” or
“macro” surfaces (Fig. 6, Table I).35,52 This surface was classified as a “nanosurface” before the new ISO definition
and has proven to be a consistent surface with Ra of 3,600
± 400 nm (or 3.6 μm) measured using a noncontact usurf
mobile profilometer (Nanofocus, Oberhausen, Germany)
(Fig. 7).52 The previous term “nano” is a semantic issue
and a question of view and perspective, since there is no
consensus about the limits of the micro or nanoscale.
Based on current knowledge, this surface is better defined
as smooth and in accordance to the classification proposed by ISO 2018 based on roughness parameters.
Previous studies reported that this topography seems
to influence foreign body response by reducing the planar arrangement of fibroblasts and promoting optimum
adhesion based on stable focal contacts.7,35,51 Some studies
evaluating different breast implant surfaces observed similar capsule morphology across groups of surfaces, with
larger textures showing disorganized alignment of collagen fibers.42 However, the tissue along the implant-tissue
interface for textures with the smallest SA values (Allergan
Smooth, Motiva SilkSurface, and Motiva VelvetSurface)
was mostly flat, with the collagen fibers of the capsule
aligned parallel to the surface.42,52
Micro and Macro Surfaces

Most commercially available breast implants feature
some type of elastomer surface alteration to increase surface roughness. In fact, several surface modifications to
increase roughness have emerged over the past decades,
such as the Siltex and Biocell surfaces.22,23 The Biocell
depressions are irregular, since they are created by salt
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Table 1. Average Surface Metrology Parameters of Silicone Breast Implant Surfaces Measured According to ISO 14607:2018

Parameter (±SD)

Traditional
Smooth
(Allergan)

SmoothSilk/
SilkSurface

VelvetSurface

Siltex

Sientra and
Silimed

Microcell

BIOCELL

Roughness (Ra) (µm)
0.3 ± 0.2
3.2 ± 0.6
14.6 ± 2.5
32.0 ± 5.0
40.0 ± 6.0
53.0 ± 9.0
79.0 ± 14.0
Density of peaks (peaks/cm2) 5,996 ± 6,105 25,820 ± 5,766 2,897 ± 980
2,008 ± 1,605
NA
NA
NA
Ku (Sku)
5.0 ± 2.0
4.1 ± 0.6
3.0 ± 0.7
2.9 ± 0.3
3.1 ± 0.4
2.0 ± 0.1
3.0 ± 1.0
SA (mm2)
1.0 ± 0.0
1.15 ± 0.04
1.16 ± 0.02
1.87 ± 0.29
1.5 ± 0.2
1.8 ± 0.2
2.92 ± 0.52
ISO 14607:2018 Surface
Smooth
Smooth
Microtextured Microtextured Microtextured Macrotextured Macrotextured
classification
Density of peak measurements cannot be performed for BIOCELL, Microcell, and Sientra/Silimed surfaces (NA). Results property of Establishment Labs.

Fig. 4. Spider web diagram showing surface parameters (roughness, Ku, SA, and density of peaks) of
different commercially available silicone breast implant surfaces measured according to ISO 251782:2012 and ISO 14607:2018 with a non-contact profilometer uSurf Mobile, over 4 mm2. Results property
of Establishment Labs.

Fig. 5. (A) Traditional smooth texture 3D topography view taken with uSurf Mobile Profilometer. Per
ISO 25178-2:2012. (B) Traditional smooth texture, at a scale of 1 mm and ×55 magnification. Results
property of Establishment Labs.

with different particle sizes, ranging from 600 to 800 μm
(0.6–0.8 mm) in diameter and from 150 to 200 μm (0.15–
0.2 mm) in depth; an edge raised 70–90 μm around each

of these depressions increases the total depth (Fig. 8).27,35
The Siltex surface comprises micronodules ranging from
40 to 100 μm in height and 70 to 150 μm wide, with more
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Fig. 6. Surfaces classification according to ISO 14607:2018 (±SD). Measurements performed according
to ISO 25178-2:2012 and ISO 14607:2018 with a noncontact profilometer uSurf Mobile, over 4 mm2.
Results property of Establishment Labs.

Fig. 7. (A) SmoothSilk/SilkSurface 3D topography view taken with uSurf Mobile Profilometer per ISO
25178-2:2012. (B) SmoothSilk/SilkSurface scanning electron microscopy image at a scale of 1 mm and
×55 magnification. Results property of Establishment Labs.

Fig. 8. (A) Traditional “Salt-loss” texture (secondary manufacturing process), 3D topography view
taken with uSurf Mobile Profilometer. Per ISO 25178-2:2012. (B) Cavities dimensions’ measurements of the “salt-loss” macrotexture, at a scale of 1 mm and ×55 magnification. Results property of
Establishment Labs.
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Fig. 9. (A) Traditional Polyurethane Foam Imprint Texture (secondary manufacturing process), “PU foam
imprint” texture 3D topography view taken with uSurf Mobile Profilometer. Per ISO 25178-2:2012. (B)
“Negative imprint with foam” texture, at a scale of 1 mm and ×55 magnification. Results property of
Establishment Labs.

regular distribution and average density of 30 nodules per
1.5 mm2 (Fig. 9).27
Textured surfaces were followed by the introduction
of microtexturization, featuring surfaces with more miniaturized roughness, into clinical practice. The Microthane
implant shell cover (Polytech Health & Aesthetics,
Dieburg, Germany) is made of medical-grade micropolyurethane foam and has a mean surface roughness of 1,500
μm.53 Barr et al documented through scanning electron
and light microscopy that the micropolyurethane surface
has the deepest structure of all textured surfaces, with
total depth of ~1,500 μm and PUC outer of ~1,000 μm in
depth.48
The VelvetSurface introduced in the 2000s by Motiva
features 1,800–2,200 contact points per cm2 of 40–100 μm
depth (40,000–100,000 nm) (Figs. 6 and 10, Table I).35
Atlan et al observed different patterns of capsular formation in a series of micro- and macrotexture surfaces;42
these authors reported that the Polytech MESMO, Mentor
Siltex, and Allergan Microcell surfaces had small tissue
projections scattered along the interface, which added a
small degree of disorganization to the collagen fiber alignment. Meanwhile, the same group found that the Allergan
Biocell, Sientra True, Eurosilicone Cristalline, Nagor
Nagotex, Polytech Polytxt, and Polytech Microthane surfaces produced larger, more prominent tissue projections
that resulted in irregular arrangement of collagen fibers,
creating a more disorganized capsule morphology. The
capsule morphology of Polytech’s Microthane surface
contained a high degree of fragments of the texture material embedded throughout the capsule tissue greater than
textured silicone implants.42
Potential Influence of Surface Roughness on the
Inflammatory Process and Cellular and Bacterial Adherence

Cellular attachment to any implant surface is an elaborate process which is mainly controlled by interaction
between cellular factors (such as appendages or extracellular materials) that can permit cell sensing of the surface
and chemical factors related to the implant surface such
as topography (roughness/area), surface charge/energy,

and wettability.53 In some situations, cells cannot be modified to make them less likely to adhere to surfaces. In this
scenario, it is more appropriate to make implant surfaces
less hospitable to cellular adhesion, and consequently surface modification is a promising strategy for preventing
cell adhesion and the formation of biofilms on medical
devices.7,19,35,37,45,46 In other specific situations, some bacteria can be modified to make them less likely to adhere to
surfaces.54 Thus, increasing research is being developed
toward precision antimicrobial therapeutics that target
key virulence determinants of specific bacteria, while leaving the remainder of the host microbiota preserved.54,55
In this direction, there are vaccines and nonantibiotic
therapeutics that can specifically target bacteria to prevent
adhesion and biofilm formation.54
Previous histological studies have demonstrated that
macrotexture surfaces have the deepest/largest pores
or even nodules, and consequently allow more tissue
ingrowth.27 Smooth surfaces have a smooth and irregular
structure with no pores, which limits the number of sites
for tissue ingrowth and consequently reduces the possibility of tissue adherence to the implant.22,51 Some studies evaluated the strength of the interaction between the
implant shell and fibrous capsule according to the peak
force required to separate the surrounding tissue from the
shell.42 In this study, this peak force generally increased
proportional to the increasing complexity of the surface texture. The peak force required for separation was
~0.3 N for Allergan Smooth and Motiva VelvetSurface,
and 0.9–1.9 N for Sientra True and Allergan Biocell. The
adherence force required for separation was significantly
greater for the Polytech Microthane surface than for the
other textures.42
Several recent studies have assessed the potential influence of surface characteristics on the inflammatory process and cellular adhesion.7,19,35,37,45,46,51,56,57 For example,
Barr et al48,51 investigated the biocompatibility of silicone
surfaces via cell-surface interaction, creating well-defined
topographies containing numerous micron-sized pillars,
pores, and grooves and evaluating how fibroblasts reacted
and aligned to these surfaces. Their findings indicated
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Fig. 10. (A) VelvetSurface texture 3D topography view taken with uSurf Mobile Profilometer. per ISO
25178-2:2012. (B) VelvetSurface texture, at a scale of 1 mm and ×55 magnification. Results property of
Establishment Labs.

that fibroblast adhesion and the reactions these cells have
to silicone can be manipulated to enhance biointegration
between the implant and breast tissue.
Concerning bacterial adhesion, James et al evaluated
bacterial attachment and biofilm formation on the surface
of implants with varying SA-Ra values using a CDC biofilm
reactor.37 According to the authors, a significantly greater
biofilm formation on implants with higher SA-Ra values
was noted when compared with those with lower SA-Ra
values. Walker et al58, in an in vitro study, evaluated the
role of bacteria (Staphylococcus epidermidis) to bind both
abiotic surfaces and host factors to form a biofilm. For
this purpose, the authors identifed matrix proteins that
S. epidermidis may exploit to infect various breast implant
surfaces. According to the authors, textured surfaces support greater bacterial biofilm formation at baseline, while
the addition of collagen significantly increases biomass on
all surfaces evaluated. They observed that S. epidermidis
isolated from implants all encoded SdrF, an expression
and carriage of polysaccharide intercellular adhesin and
serine-aspartate repeat proteins, which bind collagen.
According to these results, these strains had a clear affinity for Type I collagen, forming dense, highly structured
biofilms in its presence.
Valencia-Lazcano et al56 observed significant numbers
of fibroblasts attached to textured surfaces in comparison with smooth surfaces, and that surfaces with greater
roughness and reduced hydrophilicity produced greater
cell adhesion. In a recent article, Kyle et al discussed
the manufacturing techniques and properties of breast
implant surfaces by reproducing extracellular matrix
topography in polydimethylsiloxane.57 These authors
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found that polydimethylsiloxane with replicated acellular
dermal matrix (ADM) surfaces promoted cell adhesion
and proliferation compared with commercially available
implant surfaces; vinculin and collagen 1 also were upregulated in fibroblasts on biomimetic surfaces, while IL8,
TNFa, TGFb1, and HSP60 were downregulated.
The research on new silicone implant surfaces produced with additive surface modification techniques that
are associated with lower SA and Ra values has shown
promising outcomes in terms of reducing bacterial growth
and promoting guided tissue integration.35 Understanding
how surface properties affect the inflammatory cell
response and biofilm formation is critically important in
designing implants that can provide satisfactory solutions
to minimize clinical complications in the long term. New
technologies may provide important tools for designing
a new generation of breast implants with the potential
for enhanced antimicrobial properties, minimizing the
inflammatory response and reducing bacterial adhesion.
Current Classifications for Different Silicone Implant
Surfaces

In 2019, a number of different classifications systems
were proposed to attempt to functionally stratify smooth
and textured implants that are commercially available
(Table II).59 Each classification system has a slight variation in order of manufacturers. The most widely utilized classification by manufacturers and government
authorities is the ISO classification based upon SA and
roughness and last updated in May 2018. The ISO 14607
norm addresses requirements for breast implants related
to safety, design attributes, materials, manufacturing,

By ANSM per
ISO-14607:2007

2 Low

1 Minimal

Peer reviewed scientific publications

Macro
Nagor,
texture-Plus
Polytech
>300 mm2

4 High

Polytech PU,
Surgitek PU
Silimed PU

Allergan
Biocell,
Eurosilicone

Mentor Siltex,
Nagor

All smooth,
Motiva Silk/
Velvet

Rough

Smooth

All smooth
Motiva
Silk/
Velvet
Allergan
Biocell,
Mentor
Siltex

Bact Adhes, SA/
Roughness by
Profilometry

James/Kinney 2018

SA is a measure of the total area that the outer surface topography of an implant occupies and that interfaces with the patient. Surface roughness is a measure of the average height of the peaks and valleys of an implant
surface.
Adapted with permission from Clemens MW. Bridging the knowledge gap: Commentary on the epidemiology of Breast Implant Associated Large Cell Lymphoma in Australia and New Zealand. Plast Reconstr Surg.
2019.
Bact adhes, bacterial adhesion; LCM, Laser confocal microscopy; SEM, scanning electron microscopy.

Based upon ISO-14607:2018

Microtextured Mentor Siltex,
100–200 mm2 Allergan
Microcell/
BRST

All smooth,
Smooth/
Motiva Silk
nanotexture
and Velvet
80–100 mm2

Atlan 2018
SA by X-ray CT

Jones/Deva 2018
SEM, SA/Roughness
by MicroCT

Porous: Sientra
True,
Eurosilicone,
PIP Nonporous: Mentor
Siltex, Polytech
PU, Motiva
Velvet
Porous: Biocell,
Macrotextured Allergan
3 Intermed
Sebbin Non200–300 mm2 Biocell,
porous: none
Sientra True,
Eurosilicone

Motiva silk

Arion Micro,
Motiva Velvet,
Micro
Meso-texture
textured
Sebbin
B-Lite,
(SubAllergan
Micro, Motiva
cellular)
Microcell/
Silk/Velvet
<15 μm
Micro-texture
BRST, Mentor
<75 μm and
Siltex, Sientra
>10 μm
True

Macrotextured Allergan Biocell, Macro
Allergan
Macro-texture
>50 μm
Silimed PU,
textured
Microcell/
>75 μm
Polytech PU
Biocell,
Mentor Siltex,
Eurosilicone
Micro, Nagor,
Polytech
Silimed

Microtextured
10–50 μm

All smooth

Barr/Bayat 2017
Ra by SEM and LCM
All Smooth

Smooth

ANSM 2018
Ra by SEM
Nano-texture
(Smooth)
< 5 μm

Smooth <10 μm All smooth,
Motiva silk

ISO 2018
Ra by SEM

Table 2. Summary of Smooth and Textured Implant Classifications
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packaging, sterilization, and information supplied by
the manufacturer. ISO stratifies textures by Ra as determined by scanning electron microscopy into categories of
smooth, microtextured, and macrotextured. The recent
publication of ISO 14607:2018 states that any implant
with roughness below 10 μm (measured according to
ISO 25178-2:2012) is now classified as a smooth surface.
Implants with surface roughness values of 10–50 μm and
>50 μm are now classified as microtexture and macrotexture, respectively.40 Barr et al51 proposed a classification
system based upon roughness, surface wettability, and
macrophage polarization using scanning electron microscopy and laser confocal microscopy. Jones et al7 and James
et al37 classifications include a propensity for bacterial
adherence in their grading scheme, which they describe
as a shortcoming of ISO. To date, none of these classification systems have yet to be clinically validated in a prospective manner to determine which is best predictive for
infection risks or CC. Clinical trials are warranted to differentiate texture classifications between manufacturers.
In April 2019, the French National Agency for Medicines
and Health Products Safety (ANSM) imposed a ban of sale
on what they classified as macrotextured, restricting further sales of Allergan Microcell and Biocell, Eurosilicone,
Nagor, and Polytech implants.
Potential Influences of Different Surfaces on BIA-ALCL
Risk

The etiology of BIA-ALCL is obscure; however, one of
the main theories is related to the chronic inflammatory
stimulation leading to T-cell proliferation in patients who
are genetically susceptible. One theory proposes that a
biofilm formation, associated with host factors and their
immune response, activate T-lymphocytes and trigger
polyclonal proliferation and, in rare cases, monoclonal
proliferation and the development of BIA-ALCL.60 Some
previous studies have described a higher rates of biofilm
formation in textured implants compared with smooth
implants.7,13,37 In addition, an in vitro study observed a
direct association between biofilm formation in contaminated textured implants and the number of lymphocytes,
specifically the subtype CD4+ T cells.13,60
BIA-ALCL became an emerging cancer entity, with
unquestionable association with breast implants, notably,
those with a textured surface.7,8,13,14,33–35,61,68 Although >600
cases of BIA-ALCL have been confirmed in different countries, all clinical cases with a clinical history have described
textured implants.14,61 Despite the fact that >30 BIA-ALCL
event reports with smooth surfaces were acknowledged by
the US FDA, histories were either mixed smooth/textured
or no clinical history available. There are no proved BIAALCL cases associated with only smooth implants with no
previous history of textured implant in any case report,
published series, or registry with an accurate clinical history.14,33,34,62 The FDA confirms that “BIA-ALCL is predominantly associated with textured surface implants.”63
In a recent study, Loch-Wilkinson et al14 have evaluated
potential implant-specific risks of BIA-ALCL and observed
that all cases were associated with textured surfaces. In
addition, a more recent update performed by the same
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group observed that the majority (85%) were related to
higher SA textures and the observed risk was 1:2,832 for
polyurethane, 1:3,345 for Biocell, and 1:86,029 for Siltextextured implants. The risk of BIA-ALCL was ~25.7 times
higher for Biocell and 30.3 times higher with polyurethane surfaces, compared with microtextured implants.64
Based on the author’s proposed classification, the authors
evaluated the risk of BIA-ALCL with SA and observed no
cases with grade 1 smooth/textured surfaces, and found
78.9% of cases were associated with grade 3 or 4 textured
implants. The authors theorize that a higher SA and roughness are possibly related to an increase in the attachment
and growth of bacteria to an implant surface.61,64 Similarly,
in a retrospective review of confirmed cases of BIA-ALCL
in the United States, a strong association with textured
implants was noted, with an incidence 67.6 times of BIAALCL when compared with smooth implants.62 Currently,
Allergan Biocell failed to have renewal of its European CE
mark and is restricted from sale in 37 countries, including Europe, Israel, Singapore, Canada, and South Africa.
Note, neither the U.S. FDA nor any government authority
advocates for the preventive replacement or even removal
of textured implants in patients without confirmed diagnosis of BIA-ALCL.63
Scientific evidence is beginning to confirm a multifactorial etiology, including the risk factors previously mentioned: infection, genetic propensity, and the behavior
of the highest SA implants, which may more promptly
to stimulate a chronic inflammatory reaction and trigger
BIA-ALCL.
Future Prospects for the Present and New Implant Surfaces
in Breast Surgery

Hallmarks of Plastic Surgery include innovation,
research, and adaptation. As plastic surgeons, we are
trained to assess a clinical need and arrive at a solution.
As we enter this era once again focused on the safety and
efficacy of silicone breast implants, the scientific community needs to come together to find a solution and come
up with answers that are accurate, factual, and reproducible. Although there are factors affecting outcomes that
are outside of our control such as genetic susceptibility to
certain malignancies or illness, as well as the specific host
response to a breast implant, we are able to control other
postulated factors such as the degree of texture, roughness, and SA of these devices. Innovation and continued
investigation will hopefully lead to improved devices and
optimized surgical techniques that can potentially lead to
improved patient safety.
Currently in the United States, all breast implants
remain available that include anatomic and round as
well as smooth or textured surface devices. In addition,
any physician, regardless of their training or specialty, can
implant these breast devices. Regulatory agencies around
the world are slowly dictating what devices can be used;
however, they have not mandated who can insert them.
As a specialty, plastic surgeons should be diligent about
what we implant into patients, the specific technique of
breast implantation, and make sure that patients are well
informed regarding the long-term risks of these devices
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including anaplastic large-cell lymphoma and Breast
implant Illness.
New devices will become available that may have
unique properties that are centered on improving longterm safety and efficacy. In fact, Barr et al pointed out
that surfaces with 5-μm2 projections demonstrated to
reduce the planar arrangement of fibroblasts observed
in CC and nanoscale islands of 35 nm have been shown
to increase optimum adhesion compared with smooth
controls.22,63 However, the promotion of these devices
should be based on scientific evidence and not marketing claims, sensationalism, or pseudo-science. The
focus should always be on patient safety. As such, there
is a clear pathway for newer breast implants with surface characteristics that may be able to improve patient
outcomes.

CONCLUSIONS

The process of implant surface texturization is complex, varied, and unique to each breast implant manufacturer. Differences in surface characteristics create variable
biocompatibility which leads to direct measurable effects
upon inflammation. Many complications and adverse
sequelae of implants, such as infection, CC, and BIAALCL, may be in part related to the biocompatibility of
implant surfaces. This has critical implications for a surgeon in implant selection as well as for manufacturers in
the future development of novel surfaces.
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