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INTRODUCTION
Since their introduction in 1963 by Cronin and Gerow,1 

silicone implants have been developed and improved to 
reestablish or augment breast volume. To improve their 

biocompatibility, new surface textures have been intro-
duced, and modified.2 The polyurethane-coated breast 
prosthesis was introduced by Ashley in 1970.3 Unlike other 
types of breast implants, the polyurethane degradation 
process mobilizes giant cells and macrophages that phago-
cytose small fragments of polyurethane. This phagocyto-
sis forms thousands of microcapsules around the implant 
that lack the power to coalesce or act synergistically, reduc-
ing the likelihood of capsular formation. These implants 
accommodate well to their receiving site and demonstrate 
high adhesiveness to the breast and surrounding tissue.4

With the surge of nanotechnology, nanotextured 
implants were fashioned through negative printing 
using 3-dimensional technology.5 These implants do not 
require external material like salt or sand in the manu-
facturing process, allowing control of the thickness of 
the implant’s shell and maintaining its uniformity. In 
2017, Barr et al6 proposed a classification based on the 
roughness of the surface, dividing them into nano, micro, 
intermediary, and macrotextured polyurethane surface. 
Nanotextured implants were concepted to decrease the 
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acute inflammatory response and the rate of capsular con-
tracture, by reducing fibroblast adhesion activity.7,8

The local and systemic inflammatory reactions are asso-
ciated with the time of implant insertion. Complications 
can result from possible extravasation and migration of 
the gel, causing capsular contracture and even calcifica-
tion and rupture of the implant due to wear and tear.9

The number of breast augmentation procedures has 
been declining from 2018 till 2021, according to the 
International Society of Aesthetic Plastic Surgery, but in 
2020, there was a significant increase of 29% in procedures 
totaling more than 2 million procedures worldwide.10

In fact, an increased number of cases have established 
a relationship between silicone implants and the devel-
opment of systemic diseases, in addition to capsular con-
tractures. Autoimmune/inflammatory syndrome induced 
by adjuvants, or Shoenfeld syndrome (ASIA) and breast 
implant-associated anaplastic large cell lymphoma (BIA-
ALCL) are pronounced examples, but research studies 
are still underway to evaluate the relationship between 
implant insertion and their occurrence. ASIA is com-
mon in patients genetically predisposed to inflammation, 
and BIA-ALCL has been associated with chronic inflam-
mation and increased T-cell count. In 2019, Magnusson 
et al11 observed a greater number of cases of BIA-ALCL 
in patients with implants coated with polyurethane than 
other surfaces.

The interaction between the implant surface and the 
body results in a local and systemic inflammatory reaction 
that leads to the release of inflammatory markers that may 
be related to the development of BIA-ALCL or systemic 
disorders such as ASIA. In the literature, BIA-ALCL has 
a low incidence rate, with 1355 reported cases until 2023, 
according to the American Association of Plastic Surgery; 
however, it has been increasing in the last few years. On 
the other hand, the hypothesis that autoimmune diseases 
have a well-established relationship with silicone implants 
lacks considerable scientific support.

The objective of this study was to evaluate and compare 
the local and systemic inflammatory reactions to the inser-
tion of silicone implants coated with polyurethane foam 
to those with a nanotextured surface using the inflamma-
tory markers interleukin IL-1, IL-6, and TNF-α measured 
in the serum and peri-implant capsule in rats.

MATERIALS AND METHODS
This work was carried out in the vivarium and labo-

ratory of operative techniques and experimental surgery 
at the State University of Ponta Grossa, in partnership 
with the State University of Rio de Janeiro, approved by 
the Ethics Committee for the Use of Animals12 of the 
State University of Ponta Grossa (041/2018, protocol 
16450/2018).

Sixty female albino rats were used in this study, of spe-
cies Rattus norvegicus albinus, Roentia mammalia, of the 
Wistar lineage, weighing between 190 and 250 g, aging 
between 60 and 90 days who did not present any disease. 
Exclusion criteria included were surgical-site infection, 
implant extrusion, and death of the animal.

The rats were divided into 2 groups, 30 for each group, 
and subdivided into 3 subgroups of 10 animals each, 
according to the time of euthanasia (30, 60, and 90 d). In 
the polyurethane group (n = 30), an implant with polyure-
thane coating (Silimed, Rio de Janeiro, Brazil) was placed, 
and in the nanotextured group (n = 30), an implant with 
a nanotextured surface (Silimed, Rio de Janeiro, Brazil) 
was placed. The rats were allocated to either the group to 
be given the implant coated with polyurethane foam and 
or the implant with the nanotextured surface (Fig. 1). 
The implanted prostheses had the same layers as a human 
breast implant, with a discoid shape, 24 ± 1 mm diameter 
and 11 ± 1 mm height, for the implants covered by poly-
urethane foam, and with 22 ± 1 mm diameter and 9 ± 1 mm 
height, for the implants with a nanotextured surface. 
Height was defined as the point of greatest projection of 
the implant on the vertical axis.

The pores on the surface of polyurethane foam-
coated implants had a diameter of 120–320 μm, an aver-
age roughness of 1500 μm, and a depth of 480–1200 μm 
(an average of 840 μm). Nanotextured implants had the 

Takeaways
Question: How do silicone implants coated with polyure-
thane foam compare to nanotextured surface implants 
regarding inflammatory responses in rats, as mea-
sured by serum and peri-implant levels of interleukin-1,  
interleukin-6, and TNF-α?

Findings: No significant differences in inflammatory 
marker levels at 30 and 60 days. At 90 days, nanotextured 
implants showed an increase in markers, and polyure-
thane implants showed a decrease in markers, though not 
statistically significant.

Meaning: Both implant types exhibit comparable inflam-
matory responses over time. Differences in inflammatory 
markers arise at 90 days but lack statistical significance, 
suggesting equivalent biocompatibility.

Fig. 1. A photograph of the surface texture of the silicone micro-
implants. A, Implant with a polyurethane surface. B, Implant with a 
nanotextured surface.
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following pore dimensions on their surface: a diameter of 
0.3–8.7 μm, an average roughness of 4.12 μm, and a depth 
of 3.08–10.74 μm (an average of 6.37 μm).

SURGICAL PROCEDURE
An incision was made using a subcostal horizontal line 

as a reference, following the posteroinferior costal mar-
gin, which meets the midsagittal line at an intersection. 
There, a 20-mm horizontal incision was made (Fig. 2A). A 
square-shaped pocket was created for the implant in the 
submuscular plane (below the panniculus carnosus) 
(Fig. 2B), in a cranial direction, 5 mm from the skin 

incision (Fig. 2C). The implant was introduced and posi-
tioned vertically, depending on the polyurethane or nano-
textured group. After its introduction, it was positioned 
horizontally 5 mm from the incision (Fig. 2D). No exter-
nal dressing was applied to the surgical wound; it was kept 
exposed (Fig. 2E), with no need for hemostasis.

The rats were euthanized at 30, 60, or 90 days, accord-
ing to their respective subgroups by applying 4 times the 
therapeutic dose of ketamine hydrochloride and subse-
quent cervical dislocation. These durations of time were 
selected in accordance to the relative lifespan of rats and 
humans, with 90 days of life in rats corresponding to 
approximately 10 years of life in humans.13

Fig. 2. Photographs of the surgical protocol for implant insertion. A, Horizontal dorsal incision of 20 mm away from the horizontal sub-
costal line. B, Dissection of the implant site (pocket) with scissors. C, Securing of pocket site before implant placement. D, Placement of 
silicone implant. E, Surgical wound suture.
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After euthanasia, a cardiac puncture was performed to 
collect blood, and the implants were removed with their 
capsules through the same incision created to place them 
(Fig. 3). The blood was placed in tubes with separating gel 
and centrifuged at 3000 revolutions per minute for 5 min-
utes. The serum and capsule samples were placed in an 
Eppendorf microtube and stored in an ultrafreezer, model 
CL700-80V (Coldlab), at −80°C for 12 months.

At the time of the indirect enzyme-linked immunosor-
bent assay, the material was thawed to room temperature, 
and the analyses were carried out using serum and capsule 
macerate.

Presensitized commercial kits were utilized, accord-
ing to the wavelength indicated by the kit manufacturer 
using an enzyme-linked immunosorbent assay microplate 
reader (Kasuaki. Model DR-200BN-BI), for serum and 
capsule macerate inflammatory marker evaluation. The 
inflammatory markers IL-1, IL-6, and TNF-α were chosen 
according to their well-established functions in the patho-
physiology of inflammation in addition to our ability to 
monitor their levels both locally and systemically, giving us 
a comprehensive overview of the inflammatory reaction.

The statistical evaluation was initially carried out 
within each group, comparing the inflammatory mark-
ers in the capsule and in the serum, according to the 
euthanasia times (30, 60 and 90 d), using a multiple com-
parison test, according to the test of assumptions. In this 
case, the hypotheses of normality were validated using the 
Shapiro test and homoscedasticity using the Bartlett test, 
and since the times of death are independent, the analy-
sis was carried out using analysis of variance. Otherwise, a 
nonparametric multiple comparison test was used, specifi-
cally the Kruskall–Wallis test. Subsequently, the 2 groups 
(nanotextured and polyurethane) were compared accord-
ing to each euthanasia time using an unpaired t-test or 
the Wilcoxon test, depending on the validation of the 
assumptions.

RESULTS

Cytokine Variation Over Time
Figures 4 and 5 show the variation of the median con-

centration of cytokines as a function of time in the serum 
and capsule, respectively. The inflammatory markers all 
showed a similar pattern of variation in both groups. There 
was a statistically significant decrease in the concentration 
of the markers between days 30 and 90 and between days 60 
and 90 in the polyurethane group. On the other hand, 
there was a statistically significant increase in concentration 
of the markers between days 30 and 90 and between days 60 
and 90 in the nanotextured group (P < 0.005, Table 1). 
There was no statistically significant difference in the levels 
of the markers between days 30 and 60 (P > 0.005, Table 1).

Comparing the Response to Polyurethane Versus 
Nanotextured Implants

Figure 5 also shows a significantly higher concentra-
tion (P < 0.005, Table 1) of all inflammatory markers at 
days 30 and 60 in both the polyurethane and nanotex-
tured groups. However, at day 90, there was no such sig-
nificant difference between both groups (P > 0.005, 
Table 2) in the serum and capsule for TNF-α and IL-6. 
IL-1 demonstrated no significant difference between the 
nanotextured and polyurethane groups at day 90 in the 
capsule only (P > 0.005, Table 2), yet a significant differ-
ence was seen in the serum (P < 0.005, Table 2).

In the serum, the median levels of TNF-α, IL-6, and 
IL-1 were 56.25%, 56.25%, and 80.93% higher, respec-
tively, in the polyurethane group when compared with the 
nanotextured group at day 30. The percentage difference 
diminished to 6.52%, 6.52%, and 66.01%, respectively, at 
day 90.

In the capsule, the median levels of TNF-α, IL-6, and 
IL-1 were 76.41%, 56.25%, and 75.57%, respectively, 
higher in the polyurethane group when compared with 

Fig. 3. Photographs showing implant removal with the capsule.
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the nanotextured group at day 30. The percentage differ-
ence diminished to 6.52% for all markers at day 90.

DISCUSSION
Since the invention of silicone implants, many studies 

on its local scarring process and the systemic inflammatory 
reaction were published. Our results showed no signifi-
cant increase in markers from 30- to 60-day time interval. 
However, a change becomes significantly apparent from 
the 60- to 90-day time interval. It was also observed that 
compared with polyurethane implants, implants with a 
nanotextured surface resulted in a lower production of 

inflammatory markers in the first time interval, from 30 to 
60 days. Yet, there was an observed increase in the level of 
these markers from 60 to 90 days. On the other hand, the 
polyurethane group showed a decrease in markers, with 
no statistically significant difference between the nano-
textured groups at 90 days in the capsule. Only in serum, 
IL-1 showed the same behavior of falling after 90 days in 
polyurethane and increasing in nanotextured, but it still 
maintained higher levels in the polyurethane group com-
pared with nanotextured, suggesting a higher inflamma-
tory reaction. As the behavior of variations in the levels of 
each marker were similar within the period studied, there 
is currently homogeneity in the study.

Fig. 4. A graph that shows the variation in median TNF-α, IL-6, and IL-1 concentration over time in the 
serum for both nanotextured and polyurethane groups.

Fig. 5. A graph that shows the variation in median TNF-α, IL-6, and IL-1 concentration over time in the 
capsule for both nanotextured and polyurethane groups.
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In 2020, Segan et al14 studied the human immuno-
logical reaction to textures of different roughness of poly-
urethane biomaterial in vitro, measuring the change in 
inflammatory interleukins to the change in textures and 
observed no significant difference between them. In 2018, 
Kang et al15 proposed that implants using nanotextured or 
microtextured technology reduce the peri-implant acute 
and chronic inflammatory responses. However, no long-
term follow-up results of the use of these implants have 
been reported in the literature. To our knowledge, our 
study was the first to show that there is no significant dif-
ference in long-term inflammation between the 2 types of 
surfaces.

Pontes et al,16 in 2021, carried out an immunohisto-
chemical analysis of the capsule formed around nano-
textured implants placed in female rats and observed a 
lower inflammatory reaction in the initial phase (30 and 
60 d), based on the levels of αlpha-smooth muscle actin 
(α-SMA), transforming growth factor beta, CD34, and 
CD68. In the 90-day subgroup, α-SMA and CD34 immu-
noexpression was observed to be more pronounced in the 
nanotextured group; however, transforming growth factor 
beta and CD68 immunoexpression remained lower. There 
was an increase in the reaction to the nanotextured surface 
over time, according to α-SMA and CD34 immunoexpres-
sion. This goes in line with the findings from our study, 
but even with the decrease in the polyurethane group 
inflammatory markers over time, there was no significant 
difference between the groups at 90 days (P = 0.14). This 
study also showed that nanotextured implants resulted in 
reduced capsular thickness and greater formation of type 
I collagen in all analyzed subgroups, suggesting that these 

implants led to a reduced immune and inflammatory 
reaction compared with polyurethane according to these 
analyzed variables.16

Doloff et al,17 in 2021, studied the foreign body immune 
response, in rats, rabbits, and humans, to silicone implants 
according to surface topography and showed that surface 
roughness influences the control of the host’s immune 
response and the formation of the peri-implant capsule, as 
well as suggesting that implants with a 4-µm texture (nano-
textured) cause less inflammation and fibrosis than other 
surfaces.

In clinical practice, we observe that nanotextured 
implants tend to dislocate over time with the formation 
of a thin capsule that is poorly adhered to the implant 
and adjacent tissues. This was seen in reoperations, as  
polyurethane-coated implants that form a more adherent 
capsule tend to be more stable and cause less friction as 
they do not move as much in the capsule space.

In 2016, Duxbury and Harvey18 conducted a system-
atic review that confirmed a decrease in capsular contrac-
ture rates in cosmetic and reconstructive mammoplasties 
and other benefits of polyurethane, compared with tex-
tured implants. However, the aforementioned authors 
concluded that the magnitude of the benefit cannot yet 
be established due to the lack of sufficient scientific evi-
dence.18 In a more recent systematic review, the combined 
rate of capsular contracture rates in patients with primary 
augmentation was 3.80% (95% confidence interval [CI]: 
2.19–5.40) for printed-textured implants, 4.90% (95% 
CI: 3.16–6.64) for foam implants, 5.27% (95% CI: 3.22–
7.31) for salt-loss-textured implants, and 15.56% (95% CI: 
13.31–18.16) for smooth implants.19

Other recent studies have focused on studying the sys-
temic inflammatory reaction to silicone implants and have 
shown an association with diseases of chronic inflammation 
such as BIA-ALCL and ASIA syndrome. IL-6 was one of the 
markers measured in this study and showed an increase 
in the nanotextured group over time. Yet, these levels 
remained significantly lower in the nanotextured group 
compared with the polyurethane group in the serum and 
capsule at days 30 and 60 but lost statistical significance at 
day 90. This may explain the higher incidence of ALCL 
polyurethane-coated implants that is noted in the litera-
ture. Cytokine receptor signaling is required for the sur-
vival of BIA-ALCL. Studies of cell lines have suggested that 
tumor cells are dependent on the cytokine environment 

Table 1. Results of the Kruskal–Wallis Nonparametric Multiple Comparison Test

Comparison

Serum Capsule

Nanotextured Polyurethane Nanotextured Polyurethane

TNF-
α

Days 30–60 0.73 0.89 0.57 0.89
Days 30–90 0.00021* 0.0047* 0.0048* 0.00041*
Days 60–90 0.00018* 0.0035* 0.0024* 0.00041*

IL-6 Days 30–60 0.73 0.89 0.73 0.89
Days 30–90 0.00021* 0.0047* 0.00021* 0.0047*
Days 60–90 0.00018* 0.0035* 0.00018* 0.0035*

IL-1 Days 30–60 0.82 0.89 0.82 0.89
Days 30–90 0.00065* 0.0047* 0.00065* 0.00041*
Days 60–90 0.0024* 0.0035* 0.0024* 0.00041*

*A significant difference between the time points for each of the cytokines (TNF-α, IL-6, and IL-1) in the nanotextured and polyurethane groups.

Table 2. Results of the Wilcoxon Test
Timepoint Serum Capsule

TNF-α Days 30 0.00028* 0.00028*
Days 60 0.00027* 0.00027*
Days 90 0.14 0.14

IL-6 Days 30 0.00028* 0.00028*
Days 60 0.00027* 0.00027*
Days 90 0.14 0.14

IL-1 Days 30 0.00028* 0.00028*
Days 60 0.00027* 0.00027*
Days 90 0.00027* 0.14

*A significant difference in the levels of the inflammatory markers between the 
nanotextured and polyurethane groups.
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resulting from the inflammatory process in reaction to 
the implant or secreted by the tumor cells themselves. 
Lechner et al20 in 2012 attributed IL-6 receptor signaling 
as one of the main drivers of BIA-ALCL. However, prelimi-
nary studies did not reveal a significant difference between 
IL-6 levels when comparing benign and malignant sero-
mas, although the numbers are still too small to reach a 
definitive conclusion.21 A study showed that a larger sur-
face area/texture seems to be more associated with BIA-
ALCL; therefore, nanotextured implants, as they have a 
smaller contact surface, have a lower incidence of anaplas-
tic large cell lymphoma.22 Just like the study by Collett et 
al,23 the reported cases of BIA-ALCL are more associated 
with implants with macrotexture or polyurethane coating 
rather than nanotextured ones.

Chronic inflammation related to repeated antigenic 
stimulation has been shown to cause prolonged activation 
and recruitment of T cells and is associated with T-cell lym-
phomas. The mechanism of lymphomagenesis is related to 
genetic instability in the inflammatory microenvironment, 
favoring the emergence of malignant clonal T-cell popula-
tions, and a subsequent upregulation of tumor-promoting 
cytokines, such as IL-6, IL-10, and IL-17A, 19–21.24 Kadin et 
al25 confirmed a Th17/Th1 phenotype of BIA-ALCL tumor 
lymphocytes, supporting the potential role of antigenic 
stimulation and chronic inflammation in the initiation and 
promotion of BIA-ALCL.24 The mechanism involved in the 
development of lymphomas and their pathogenesis is cur-
rently under investigation. The mechanism may involve an 
immune response induced by the silicone or polyurethane 
material of the implant, which can cause an exaggerated 
immunological reaction and induce monoclonal neopla-
sia with activated T lymphocytes. Other postulated mecha-
nisms involve an indirect reaction mediated by cytokines 
and silicone-induced toxic damage.26

In addition to the changes already described, the 
placement of mini silicone implants in rats may result in 
hypochromic anemia with normal leukocyte count at the 
expense of neutrophilia and lymphopenia, and thrombo-
cytopenia.27 This may contribute to other adverse effects 
of silicone implants that should be more studied.

The 3 biomarkers used to describe the inflammatory 
process are certainly not comprehensive and do not reflect 
the extensive cellular and matrix biology activity of inter-
est. It is necessary for future work to cover more markers 
with longer periods of time, which will make it possible to 
complement the results of the present study. Therefore, it 
is suggested that prospective studies be carried out, includ-
ing clinical studies, with a design that allows the assessment 
of the inflammatory response to different types of nanotex-
tured or polyurethane-coated implants, aiming to clarify 
the mechanism of biotolerance to these devices.

CONCLUSIONS
Silicone implants incite a local and systemic inflamma-

tory reaction that varies in intensity with respect to time and 
type of implant surface. Nanotextured surface implants dem-
onstrated a decreased production of IL-1, IL-6, and TNF-α 
in the early time interval of 30–60 days as compared with 
the implants coated with polyurethane foam, suggesting a 

blunting of the initial inflammatory response. At 90 days, 
nanotextured surface implants showed an increase in the 
level of inflammatory markers, reaching similar levels to 
the polyurethane-coated implants, which have decreased 
over time. Our data showed that, over long periods of time, 
implants with a nanotextured surface cause local inflamma-
tory reactions similar to those coated with polyurethane. In 
relation to systemic reactions, it is necessary to work with 
more markers over a longer period of exposure.

Gregory Nicolas, MD
Department of Plastic and Reconstructive Surgery

Hospital Das Clínicas of the University of Sao Paulo
455 Avenue Doutor Arnaldo, Cerqueira César

São Paulo SP, 01246-903, Brazil
E-mail: gregory.nicolas@ijcrcentral.com

DISCLOSURES
The authors have no financial interest to declare in relation 

to the content of this article. This study was financed by internal 
sources.

ETHICAL APPROVAL
All procedures performed in this study were approved by the 

Ethical Committee on Animal Protection of the State University of 
Ponta Grossa (041/2018 protocol 16450/2018).

This study was financed by internal sources.

REFERENCES
	 1.	 Cronin TD, Gerow FJ. Augmentation mammaplasty: anew “natu-

ral fell” prosthesis. In: Transaction of the Third International Congress 
of Plastic Surgery (Excerpta Medica International Congress Serie Nº 66). 
Amsterdam; 1964.

	 2.	 Barr S, Bayat A. Breast implant surface development: perspectives 
on development and manufacture. Aesthet Surg J. 2011;31:56–67. 

	 3.	 Ashley FL. A new type of breast prosthesis. Preliminary report. 
Plast Reconstr Surg. 1970;45:421–424. 

	 4.	 Handel N, Gutierrez J. Long-term safety and efficacy of 
polyurethane foam-covered breast implants. Aesthet Surg J. 
2006;26:265–274. 

	 5.	 Sforza M, Zaccheddu R, Alleruzzo A, et al. Preliminary 3-year eval-
uation of experience with silk surface and velvet surface motiva 
silicone breast implants: a single-center experience with 5813 con-
secutive breast augmentation cases. Aesthet Surg J. 2018;38:S62–S73. 

	 6.	 Barr S, Hill EW, Bayat A. Functional biocompatibility testing of 
silicone breast implants and a novel classification system based 
on surface roughness. J Mech Behav Biomed Mater. 2017;75:75–81. 

	 7.	 Huemer GM, Wenny R, Aitzetmüller MM, et al. Motiva ergono-
mix round silk surface silicone breast implants: outcome analysis 
of 100 primary breast augmentations over 3 years and technical 
considerations. Plast Reconstr Surg. 2018;141:831e–842e. 

	 8.	 Quirós MC, Bolaños MC, Fassero JJ. Six-Year prospective out-
comes of primary breast augmentation with nano surface 
implants. Aesthet Surg J. 2019;39:495–508. 

	 9.	 Bozola AR, Bozola AC, Maria CR. Inclusão de Próteses 
Mamárias de Silicone— Poliuretano. Rev Bras Cirugia Plástica. 
2006;21:18–22. https://www.rbcp.org.br/details/120/en-US/
silicone-polyurethane-breast-prosthesis-implantation.

	10.	 Global Survey 2022. The international society of aesthetic plas-
tic surgery. 2023. Available at https://www.isaps.org/discover/
about-isaps/global-statistics/reports-and-press-releases/global-
survey-2022-full-report-and-press-releases/. Accessed August 1, 
2024.

mailto:gregory.nicolas@ijcrcentral.com
https://doi.org/10.1177/1090820X10390921
https://doi.org/10.1177/1090820X10390921
https://doi.org/10.1097/00006534-197005000-00001
https://doi.org/10.1097/00006534-197005000-00001
https://doi.org/10.1016/j.asj.2006.04.001
https://doi.org/10.1016/j.asj.2006.04.001
https://doi.org/10.1016/j.asj.2006.04.001
https://doi.org/10.1093/asj/sjx150
https://doi.org/10.1093/asj/sjx150
https://doi.org/10.1093/asj/sjx150
https://doi.org/10.1093/asj/sjx150
https://doi.org/10.1016/j.jmbbm.2017.06.030
https://doi.org/10.1016/j.jmbbm.2017.06.030
https://doi.org/10.1016/j.jmbbm.2017.06.030
https://doi.org/10.1097/PRS.0000000000004367
https://doi.org/10.1097/PRS.0000000000004367
https://doi.org/10.1097/PRS.0000000000004367
https://doi.org/10.1097/PRS.0000000000004367
https://doi.org/10.1093/asj/sjy196
https://doi.org/10.1093/asj/sjy196
https://doi.org/10.1093/asj/sjy196
https://www.rbcp.org.br/details/120/en-US/silicone-polyurethane-breast-prosthesis-implantation
https://www.rbcp.org.br/details/120/en-US/silicone-polyurethane-breast-prosthesis-implantation
https://www.isaps.org/discover/about-isaps/global-statistics/reports-and-press-releases/global-survey-2022-full-report-and-press-releases/
https://www.isaps.org/discover/about-isaps/global-statistics/reports-and-press-releases/global-survey-2022-full-report-and-press-releases/
https://www.isaps.org/discover/about-isaps/global-statistics/reports-and-press-releases/global-survey-2022-full-report-and-press-releases/


PRS Global Open • 2025

8

	11.	 Magnusson M, Beath K, Cooter R, et al. The epidemiology of 
breast implant-associated anaplastic large cell lymphoma in 
Australia and New Zealand confirms the highest risk for grade 4 
surface breast implants. Plast Reconstr Surg. 2019;143:1285–1292. 

	12.	 CEUA-Fiocruz CdÉnUdAdE, Fundação Oswaldo Cruz—Fiocruz. 
Manual de Utilização de Animais. 2008. Available at: http://
www.castelo.fiocruz.br/vpplr/comissoes_camaras-tecnicas/
Manual_procedimentos.pdf. Accessed August 1, 2024.

	13.	 Sengupta P. The laboratory rat: relating its age with human’s. Int 
J Prev Med. 2013;4:624–630.

	14.	 Segan S, Jakobi M, Khokhani P, et al. Systematic investigation of 
polyurethane biomaterial surface roughness on human immune 
responses in vitro. Biomed Res Int. 2020;2020:3481549. 

	15.	 Kang SH, Sutthiwanjampa C, Heo CY, et al. Current approaches 
including novel nano/microtechniques to reduce silicone 
implant-induced contracture with adverse immune responses. 
Int J Mol Sci. 2018;19:1171. 

	16.	 Pontes GH, Carneiro Filho FSM, Vargas Guerrero LA, et al. 
Reduced remodeling biomarkers tissue expression in nanotex-
tured compared with polyurethane implants capsules: a study in 
rats. Aesthet Surg J. 2021;41:NP664–NP683. 

	17.	 Doloff JC, Veiseh O, de Mezerville R, et al. The surface topography 
of silicone breast implants mediates the foreign body response in 
mice, rabbits and humans. Nat Biomed Eng. 2021;5:1115–1130. 

	18.	 Duxbury PJ, Harvey JR. Systematic review of the effectiveness of 
polyurethane-coated compared with textured silicone implants 
in breast surgery. J Plast Reconstr Aesthet Surg. 2016;69:452–460. 

	19.	 Shauly O, Gould DJ, Patel KM. Microtexture and the cell/
biomaterial interface: a systematic review and meta-analysis of 

capsular contracture and prosthetic breast implants. Aesthet Surg 
J. 2019;39:603–614. 

	20.	 Lechner MG, Megiel C, Church CH, et al. Survival signals and 
targets for therapy in breast implant-associated ALK—anaplastic 
large cell lymphoma. Clin Cancer Res. 2012;18:4549–4559. 

	21.	 Kadin ME, Adams WP, Inghirami G, et al. Does breast implant–
associated ALCL begin as a lymphoproliferative disorder? Plast 
Reconstr Surg. 2020;145:30e–38e. 

	22.	 Loch-Wilkinson A, Beath KJ, Magnusson MR, et al. Breast 
implant-associated anaplastic large cell lymphoma in Australia: 
a longitudinal study of implant and other related risk factors. 
Aesthet Surg J. 2020;40:838–846. 

	23.	 Collett DJ, Rakhorst H, Lennox P, et al. Current risk estimate 
of breast implant-associated anaplastic large cell lymphoma in 
textured breast implants. Plast Reconstr Surg. 2019;143:30S–40S. 

	24.	 Rastogi P, Riordan E, Moon D, et al. Theories of etiopathogen-
esis of breast implant–associated anaplastic large cell lymphoma. 
Plast Reconstr Surg. 2019;143:23S–29S. 

	25.	 Turner SD, Inghirami G, Miranda RN, et al. Cell of ori-
gin and immunologic events in the pathogenesis of breast 
implant-associated anaplastic large-cell lymphoma. Am J Pathol. 
2020;190:2–10. 

	26.	 Roden AC, Macon WR, Keeney GL, et al. Seroma-associated pri-
mary anaplastic large-cell lymphoma adjacent to breast implants: 
an indolent T-cell lymphoproliferative disorder. Mod Pathol. 
2008;21:455–463. 

	27.	 Silva EN, Pontes GH, Bandeira FM, et al. Evaluation of blood bio-
markers in rats submitted to nanotextured and polyurethane foam-
coated silicone implants. Rev Bras Cirurgia Plástica. 2021;36:249–256. 

https://doi.org/10.1097/PRS.0000000000005500
https://doi.org/10.1097/PRS.0000000000005500
https://doi.org/10.1097/PRS.0000000000005500
https://doi.org/10.1097/PRS.0000000000005500
http://www.castelo.fiocruz.br/vpplr/comissoes_camaras-tecnicas/Manual_procedimentos.pdf
http://www.castelo.fiocruz.br/vpplr/comissoes_camaras-tecnicas/Manual_procedimentos.pdf
http://www.castelo.fiocruz.br/vpplr/comissoes_camaras-tecnicas/Manual_procedimentos.pdf
https://doi.org/pubmed.ncbi.nlm.nih.gov/23930179
https://doi.org/pubmed.ncbi.nlm.nih.gov/23930179
https://doi.org/10.1155/2020/3481549
https://doi.org/10.1155/2020/3481549
https://doi.org/10.1155/2020/3481549
https://doi.org/10.3390/ijms19041171
https://doi.org/10.3390/ijms19041171
https://doi.org/10.3390/ijms19041171
https://doi.org/10.3390/ijms19041171
https://doi.org/10.1093/asj/sjaa315
https://doi.org/10.1093/asj/sjaa315
https://doi.org/10.1093/asj/sjaa315
https://doi.org/10.1093/asj/sjaa315
https://doi.org/10.1038/s41551-021-00739-4
https://doi.org/10.1038/s41551-021-00739-4
https://doi.org/10.1038/s41551-021-00739-4
https://doi.org/10.1016/j.bjps.2016.01.013
https://doi.org/10.1016/j.bjps.2016.01.013
https://doi.org/10.1016/j.bjps.2016.01.013
https://doi.org/10.1093/asj/sjy178
https://doi.org/10.1093/asj/sjy178
https://doi.org/10.1093/asj/sjy178
https://doi.org/10.1093/asj/sjy178
https://doi.org/10.1158/1078-0432.CCR-12-0101
https://doi.org/10.1158/1078-0432.CCR-12-0101
https://doi.org/10.1158/1078-0432.CCR-12-0101
https://doi.org/10.1097/prs.0000000000006390
https://doi.org/10.1097/prs.0000000000006390
https://doi.org/10.1097/prs.0000000000006390
https://doi.org/10.1093/asj/sjz333
https://doi.org/10.1093/asj/sjz333
https://doi.org/10.1093/asj/sjz333
https://doi.org/10.1093/asj/sjz333
https://doi.org/10.1097/PRS.0000000000005567
https://doi.org/10.1097/PRS.0000000000005567
https://doi.org/10.1097/PRS.0000000000005567
https://doi.org/10.1097/prs.0000000000005566
https://doi.org/10.1097/prs.0000000000005566
https://doi.org/10.1097/prs.0000000000005566
https://doi.org/10.1016/j.ajpath.2019.09.005
https://doi.org/10.1016/j.ajpath.2019.09.005
https://doi.org/10.1016/j.ajpath.2019.09.005
https://doi.org/10.1016/j.ajpath.2019.09.005
https://doi.org/10.1038/modpathol.3801024
https://doi.org/10.1038/modpathol.3801024
https://doi.org/10.1038/modpathol.3801024
https://doi.org/10.1038/modpathol.3801024
https://doi.org/10.5935/2177-1235.2021rbcp0038
https://doi.org/10.5935/2177-1235.2021rbcp0038
https://doi.org/10.5935/2177-1235.2021rbcp0038

