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Background: Capsular contracture (CC) is the most common complication following Immediate Breast
Reconstruction (IBR) with breast implants. Different implant surfaces were developed aiming to reduce
the incidence of CC. We evaluated the incidence and degree of CC after Direct-to-Implant (DTI) IBR with
insertion of textured (TE) or polyurethane (PU) covered implants.
Methods: A retrospective review of consecutive patients treated at our Institution with mastectomy and
one-stage IBR and implant reconstruction between 2013 and 2018, with or without post mastectomy
radiation therapy (PMRT), was conducted. Immediate breast reconstruction was performed by
implanting 186 PU covered implants and 172 TE implants.
Results: Three-hundred-twelve women underwent 358 DTI IBR with PU or TE implants, were analyzed
with a median follow-up time of 2.3 years (range 1.0e3.0). The overall rate of CC Baker grade III and IV
was 11.8% (95%CI: 8.4e16.3), while, after PU and TE implant placement it was 8.1% (95% CI: 4.1e15.7) and
15.8% (95% CI: 4.1e15.7) [p ¼ 0.009]), respectively. Irradiated breasts developed CC more frequently
rather than non-irradiated breasts (HR ¼ 12.5, p < 0.001), and the relative risk was higher in the TE group
compared with the PU group (HR ¼ 0.3, p ¼ 0.003).
Conclusions: After mastectomy and one-stage IBR, the use of PU covered implants is associated with a
lower incidence of CC compared to TE implants. This advantage is amplified several folds for patients
who necessitate PMRT. Footnote: Capsular contracture (CC); Immediate Breast Reconstruction (IBR);
Directto- Implant (DTI); Textured (TE); Polyurethane (PU); Post mastectomy radiation therapy (PMRT);
Nipple Sparing mastectomy (NSM).
© 2020 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Breast implants are employed since 1962, when Cronin and
Gerow performed the first breast augmentation [1]. Since then,
oreti).

an open access article under the C
capsular contracture (CC) has represented the most common
complication after breast implants insertion, and the leading cause
for re-intervention [2e4]. Capsular contracture represents a normal
reaction against the breast implant forming fibrous scar tissue
around it, creating a tissue capsule [5]. The capsule is usually thin,
soft or slightly firm, but in some cases, it is unusually thick, hard
and dense, tightening and squeezing the implant. This condition
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can cause chronic pain and distortion in the shape of the breast, and
it can make the breast rise higher on the chest wall [6,7] (Baker
grade III and IV) [8]. Several studies have reported an incidence of
CC ranging from 0.6 to 19% for breast augmentation to 19e48% for
breast reconstruction, therefore identifying this latter group as a
high-risk setting [9e17].

Furthermore, it is well known that patients undergoing post
mastectomy radiation therapy (PMRT) and Immediate Breast
Reconstruction (IBR) are at a higher risk of developing CC [18e23].

Approximately 50 years ago [24], an implant with a poly-
urethane (PU) foam coating was reported with the aim to prevent
the risk of CC associated with silicone breast implants [25].
Thereafter, textured (TE) surfaces have been developed to mimic
the shape and the benefits of the PU foam, and several studies have
indicated that PU implants have a lower incidence of CC [17,26e36].
Furthermore, two studies have suggested that PU implants are
associated with a lower incidence of CC in case PMRT is delivered
[32,35].

However, data in the literature is limited by the lack of studies
directly comparing the incidence of CC after insertion of PU im-
plants versus TE implants following mastectomy.

The aim of the present study is to analyze the incidence of CC in
a consecutive cohort of patients undergoing IBR after mastectomy
with DTI, and to retrospectively compare results for PU and TE
implants.

2. Methods

2.1. Study design

Consecutive patients undergoingmastectomy and one-stage DTI
reconstruction with PU or TE implants at our Institution (Breast
Center, San Giovanni-Addolorata Hospital, Rome, Italy) from 2013
to 2018 were retrospective analyzed. Our Breast Center is fully
accredited with the Regional Health System, and it has received the
European BCCERT Certification in 2017. Approximately 430 women
with newly diagnosed breast cancer were surgically treated in
2019. This study was approved by the Institutional review board.

Exclusion criteria for this cohort study were: delayed or two-
stage breast reconstruction; autologous tissue reconstruction; the
use of round implants; smooth implants; saline implants; synthetic
meshes or acellular dermal matrix (ADM), previous radiotherapy;
previous surgery.

The following characteristics were included: patient age; pa-
tient stage; smoking status; presence of diabetes; bra size; date of
surgery; diagnosis; tumor grade; type of surgery; type of implant;
implants position; major and minor surgical complications
(including all the cases treated with or without re-intervention);
neoadjuvant treatments; need for chemotherapy; need for PMRT;
aesthetic results; dates of follow-ups; length of follow-up; presence
and grade of CC.

Aesthetic results were assessed by two independent, blinded
plastic surgeons on a subjective bases.

2.2. Surgical technique

All patients underwent mastectomy with one-stage, DTI IBR
inserting the breast implant in a retropectoral or prepectoral
pocket. Two closed-suction drains were placed in all the cases.
Textured implants used were from Allergan (Natrelle™ 410, Aller-
gan, Inc., Irvine, California) and Silimed (NUANCE 20646, Silimed,
Rio de Janeiro, Brazil), and PU covered implants were from Polytech
(Microthane®, POLYTECH Health & Aesthetics, Dieburg, Germany).
PU implants were more intensively used since 2016, when it was
reported an advantage performing breast reconstruction with PU
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implant [32,35,36].

2.3. Capsular contracture evaluation

Patients were evaluated by at least two plastic surgeons every
three months during the first year of follow-up and yearly there-
after. Capsular contracture grade was rated according to the Baker
scale, ranging from Baker grade I and II (normal, thin capsule) up to
Baker grade III and IV (contracted capsule). Baker grade III repre-
sents a moderate contracture with moderate breast firmness,
implant easily palpable, and visible breast deformity. Baker grade
IV defines a severe contracture with severe breast firmness, pain,
and marked distortion. For the purpose of analysis in this study,
only CC Baker grade III and IV were considered.

2.4. Statistical analysis

Onset of CC according to implant surfaces and PMRT was
explored by using common descriptive statistics such as means and
standard deviations for continuous variables or absolute and rela-
tive frequencies for categorical variables. Univariate tests were
related to these indexes to explore differences in the probability of
developing CC Baker grade III-IV, in particular t-tests were used for
means and Chi-squared or Fisher’s Exact tests for frequencies. Data
was then analyzed by using the appropriate technique of the Sur-
vival Analysis. Time to event was defined as time between surgical
implantation of the implant and the first diagnosis of CC Baker
grade III and IV. For patients who did not experience the event, the
time was censored to the last contact up to a maximum of 36
months. Rates of CC at the end of follow-up was estimated with the
Kaplan-Meier method and expressed in terms of cumulative inci-
dence and 95% confidence intervals (CI). Cumulative incidence
curves according to implant surface and presence of PMRT were
shown and comparedwith the Log-rank test for equality of survivor
functions. To avoid a possible confounding effect, a multiple Cox
model was adopted to estimate the hazard ratio linked to the
implant surface and PMRT by adjusting for demographic, tumor
and treatment characteristics and possible surgical complications.
Threshold of statistical significance was set to 5%. All analyses were
performedwith Stata 14.2 statistical software (StataCorp LP, College
Station, TX).

3. Results

Three hundred and twelve consecutive patients underwent one-
stage, DTI, IBR, of whom 266 received unilateral mastectomy and 46
bilateral mastectomies. Thirty-seven IBR (10.3%) were performed
after mastectomy for prophylactic reasons, while the others for
cancer (Table 1). Other patients’ characteristics, oncologic treat-
ments, type of implant inserted, and complications are described in
Table 1. Of the 358 breast implants inserted, 320 were placed in
retropectoral position, and 38 in prepectoral position (Table 1).

The overall median follow-up was 3.0 years (IQR: 1.9e3.0; min
1.0 - max 3.0). In detail, the median follow-up for PU implants was
shorter than TE implant: respectively, 2.3 years (IQR: 1.6e3.0; min
1.0 - max 3.0) and 3.0 years (IQR: 3.0e3.0; min 1.0 - max 3.0) with
p < 0.001.

Among the 358 procedures, CC Baker grade III and IV was
recorded in 32 cases (8.9%) (Table 1). All the patients with a diag-
nosis of severe CC underwent revisional surgery. The relation be-
tween CC and patients’ and tumors’ characteristics is described in
Table 1. Irradiated breasts were higher in patients with CC (25.0% vs
8.0%, p ¼ 0.006) (Table 1). A statistically significant difference of CC
was found between the use of PU implants and TE implants: TE
implants were 75.0% in the group of contracted implants versus



Table 1
Descriptive statistics according to onset of Capsular Contracture Baker grade III-IV at implant level.

Characteristics CC Baker grade III-IV p-value

Overall
358 (100%)

No
326 (91.1%)

Yes
32 (8.9%)

Demographic characteristics
Age, mean (SD) 49.3 (8.6) 49.2 (8.5) 50.9 (9.6) 0.270
Bra size, mean (SD) 3.1 (0.9) 3.1 (0.8) 3.0 (0.9) 0.372
Smoke/diabetes, n (%) No 326 (91.1) 295 (90.5) 31 (96.9) 0.337

Yes 32 (8.9) 31 (9.5) 1 (3.1)
Tumor characteristics
Prophylactic surgery, n (%) No 321 (89.7) 291 (89.3) 30 (93.8) 0.556

Yes 37 (10.3) 35 (10.7) 2 (6.3)
Grade, n (%)
2 missing -> 0

G0 44 (12.3) 42 (12.9) 2 (6.3) 0.352
G1 35 (9.8) 33 (10.1) 2 (6.3)
G2 117 (32.7) 102 (31.3) 15 (46.9)
G3 162 (45.3) 149 (45.7) 13 (40.6)

Stage, n (%)
7 missing -> 0
No prophylactic surgery

0 65 (20.3) 61 (21.0) 4 (13.3) 0.747
I 130 (40.5) 117 40.2) 13 (43.3)
II 84 (26.2) 76 (26.1) 8 (26.7)
III 42 (13.1) 37 (12.7) 5 (16.7)

Oncologic treatments
Neoadjuvant Chemotherapy (%) No 233 (65.1) 209 (64.1) 24 (75.0) 0.249

Yes 125 (34.9) 117 (35.9) 8 (25.0)
Adjuvant Chemotherapy, n (%)
1 missing - > no

No 314 (87.7) 287 (88.0) 27 (84.4) 0.571
Yes 44 (12.3) 39 (12.0) 5 (15.6)

Post mastectomy radiation therapy (PMRT) n (%)
1 missing - > no

No 324 (90.5) 300 (92.0) 24 (75.0) 0.006
Yes 34 (9.5) 26 (8.0) 8 (25.0)

Type of mastectomy
Year of surgery, n (%) 2013e2014 101 (28.2) 88 (27.0) 13 (40.6) 0.285

2015e2016 127 (35.5) 118 (36.2) 9 (28.1)
2017e2018 130 (36.3) 120 (36.8) 10 (31.3)

Nipple areola complex necrosisa, n (%) No 349 (97.5) 318(97.6) 31 (96.9) 0.574
Yes 9 (2.5) 8 (2.4) 1 (3.1)

Skin complicationsb, n (%) No 338 (94.4) 310 (95.1) 28 (87.5) 0.092
Yes 20 (5.6) 16 (4.9) 4 (12.5)

Implants characteristics
Type of implant, n (%) Polyurethane coated (PU) 186 (52.0) 178 (54.6) 8 (25.0) <0.001

Textured (TE) 172 (48.0) 148 (45.4) 24 (75.0)
Implant position, n (%) Prepectoral 38 (10.6) 36 (11.0) 2 (6.3) 0.555

Retropectoral 320 (89.4) 290 (89.0) 30 (93.8)

SD SD: standard deviation.
P. p-values are referred to a t-Test for means of Fisher’s Exact for frequencies.

a Nac.
b Including all the cases treated with or without re-intervention.
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45.4% in healthy implants (p < 0.001) (Table 1). Fig. 1 shows the
incidence of CC Baker grade III and IV during the 36-month of
follow-up.
Fig. 1. Kaplan-Meier estimates of incidence of capsular contracture (CC) after one-
stage breast reconstruction. Thirty-two cases of CC occurred within a median follow-
up of 3 years.
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While the incidence of CC for the whole group was 11.8% (95%CI:
8.4e16.3), this was 8.1 (95%CI: 4.1e15.7) and 15.8 (95%CI:
10.9e22.7) for PU and TE breast implants, respectively (Fig. 1).
Difference between the two groups was statistically significant
(Log-rank test: p ¼ 0.009).

The influence of implant type and PMRT on CC incidence was
further investigated in order to adjust the model for possible con-
founders such as implant positioning, patients’ age, bra size, tumor
grade, tumor stage, post-operative complications, neoadjuvant or
adjuvant chemotherapy. This analysis did not show any significant
difference between prepectoral and retropectoral positioning
(p ¼ 0.550). By doing a subgroup analysis, 0/29 cases of CC with PU
implants and 2/9 cases of CC with TE implants have been observed
in the prepectoral group. The Cox proportional hazards model for
CC Baker grade III and IV confirmed a decreased risk of CC of 70%
with the use of PUimplants (HR¼ 0.3, p¼ 0.003), while the delivery
of PMRT involved an increase in risk (HR ¼ 12.5, p < 0.001)
(Table 2). Moreover, this same analysis did not show any significant
differences between prepectoral and subpectoral positioning
(p ¼ 0.550). By doing a subgroup analysis, the difference between
PU and TE implants remains significantly in favour of PU implants.
In particular, in the prepectoral group there were 0/29 (0.0%) cases
of CC with PU implants, and 2/9 (22.2%) cases of CC with TE im-
plants, while in the retropectoral group there were 8/157 (5.1%)



Table 2
Cox-proportional hazards model for Capsular Contracture Baker grade III and IV.

HR 95%CI p-value

Type of implant Textured ref. e 0.003
Polyurethane coated 0.3 0.1e0.6

Radiotherapy No ref. e <0.001
Yes 12.5 3.9e39.8

Notes: HR ¼ hazard ratio. Ref ¼ reference level. HRs were adjusted for implant
positioning, patients’ age, bra size, smoke habitude or diabetes, tumor grade, tumor
stage, post-operative complications, neoadjuvant or adjuvant chemotherapy.
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cases of CC with PU implants against 22/163 (13.5%) cases of CC
with TE implants.

Seventeen breasts reconstructed with TE implants underwent
PMRT (9.9%). The incidence of CC Baker grade III-IV over the three-
year follow-up was 12.2% (95%CI: 7.7e18.8) in patients not under-
going to PMRT, while it was 62.5% (95%CI: 35.2e89.2) in patients
receiving PMRT (Fig. 2). The HR of PMRT adjusted for possible
confounders was HR¼ 13.5 (95%CI: 3.5e52.0, p < 0.001). Seventeen
breasts reconstructed with PU implants underwent PMRT (9.1%).
The incidence of CC Baker grade III and IV in case of PMRT or
without PMRT did not differ significantly (Fig. 2) (p ¼ 0.608).
However, the CC rate at 36 months showed a trend in agreement
with the previous results with a three-year incidence rate higher
for irradiated breast implants (16.7% vs 7.6%, p ¼ 0.608).

No patient experienced infection without an associated skin/
NAC (nipple areola complex) necrosis or wound dehiscence.

A good or excellent aesthetic outcome was reported in 298/358
cases (83.2%), while an insufficient result in 12/358 cases (3.4%).

4. Discussion

To the best of our knowledge, this is the first report retrospec-
tively comparing CC after IBR with PU versus TE implants in a
consecutive cohort of patients. We found that the incidence of CC
following one-stage IBR was 15.8% for TE implants and 8.1% for PU
implants, and the difference between the two groups was statisti-
cally significant. In addition, although CC rate in case of PMRT
following IBR with TE implants was significantly higher compared
to that of non-irradiated breasts (62.5% vs 12.2%), no statistical
difference was observed between irradiated and non-irradiated
cases when PU implants were used (16.7% vs 7.6%).

A systematic review of 18 studies either implant suggested that
Fig. 2. Kaplan-Meier estimates of incidence of capsular contracture (CC) after one-
stage breast reconstruction according to irradiation status and type of breast implants.

130
PU could be considered as a safe alternative but that the extent of
any benefit could not be determined from the available evidence a
that additional studies were required to clarify this issue [37].

Capsular contracture is the most frequent complication after
breast augmentation and reconstruction with breast implants
[3,4,9e11,13e15,17]. Although the etiology of CC is largely unknown
[38], many authors have focused the attention on different risk
factors such as immunological factors, bacterial contamination, and
surgical technique [39e43]. Although none of the proposed the-
ories are definitive, there is a consensus on the fact that breast
reconstruction procedure, implants surface, and adjuvant PMRT
represent additional causative factors [3,4,9e11,14,15,
18e20,22,23,26,28,30,44,45].

We found an overall rate of CC after breast reconstruction of
11.8%, an incidence that is consistent with results of other studies
[46e48]. Different implant surfaces may increase or decrease the
risk of CC. Several studies described a low incidence of CC with PU
implants, a benefit that does not decrease over time [9,31,33,49,50].
After formation of the capsule around the implant, the PU foam
breaks down to become an integral part of the capsule, and it is
proven that this observed tighten tissue adhesion does not occur
with textured silicone implants [17,24,28,35,36]. This is due to the
PU coating preventing the organized alignment of myofibroblasts,
thereby interrupting the strength required for CC to occur. In fact, it
is a very common conceptual mistake, even among the most
experienced opinion leaders, to consider PU coated implants as TE
implants. The PU foam that covers silicone implants provides a
completely different surface, and the mechanisms related to tissue
adhesion as well as to fibrous capsule formation differs substan-
tially from those of TE implants. Implant texturing is a created
surface irregularity on the silicone shell, whereas PU is a three-
dimensional matrix which is incorporated and actually becomes
part of the capsule. This has been described multiple times in
literature [17,24,28,29,31,33,35].

It is well known that PMRT increases the risk of CC after IBR
several fold [20,23,44,45]. However, the use of PMRT is increasingly
encouraged and incorporated in national and international guide-
lines as it decreases the possibility of loco-regional relapse and
breast cancer mortality, particularly in case of stage III disease [51].
In general, PMRT is offered to women with large primary tumors
(T3), and with multiple nodal positivity (N2). Post mastectomy
radiation therapy after IBR with implants has been reported to
decrease satisfaction with the breast, along with physical or sexual
well-being of patients [52]. For these reasons, patients should be
informed, and this multimodality approach planned within a
proper timing. In the past, IBRwith implants after radiation therapy
or in prevision of PMRT was felt to be contraindicated due to the
reported high incidence rate of CC, and in general of skin compli-
cations [53]. Although outcomes after IBR following mastectomy is
considered safe, limited oncologic data is available if PMRT is
planned. Recent reports suggest a comparable survival outcome in
this setting [54]. Indeed, it has been reported that the frequency of
IBR continues to increase along with PMRT, with immediate
implant-based reconstruction representing the most commonly
utilized method, contrary to traditional recommendations [55].
Furthermore, in the last 15 years an increase in the frequency of
mastectomy and bilateral mastectomy for women with breast
cancer has been reported, perhaps as a consequence of an improved
capability to detect subclinical multicentric disease [56].

An outstanding low CC rate in patients who received PMRT on
definitive PU implant or on tissue expander was reported in the last
years [32,35]. Our study confirms that the incidence of CC after IBR
with PU implants and PMRT is lower compared with the use of TE
implants in the same setting, even with a direct comparison with
the negative effect of TE implants in combination with PMRT. The
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reason for this finding is still unknown. Lo Torto et al. investigated
the influence of radiation therapy on the properties of both TE and
PU breast implants [57]. Polyurethane implants seem to be more
resistant to radiation therapy damage, whereas silicone implants
showed more structural, mechanical, and chemical modifications,
although additional studies will be needed in order to gather more
conclusive evidence.

Nipple Sparing mastectomy (NSM) magnifies the significance of
one-stage DTI reconstruction after mastectomy, and our group has
fully implemented this approach. Two systemic reviews and
metanalysis, incorporating 17 studies, have been recently published
and conclude that comparable results may be accomplished with
DTI after NSM, although a higher risk of flap necrosis and implant
failure may occur [58] [-59].

There are several limitations of our study. First, this is a retro-
spective, single center experience, and this may have introduced
biases in the results. Secondly, the median follow-up is different
between the two studied groups, as the vast majority of TE implants
were inserted before the year 2016, while most PU breast implants
were inserted since that year, and this may have introduced further
variables, as our reconstruction technique may have evolved. In
fact, it has been reported that the use of prepectoral IBR is associ-
ated with a decreased incidence of CC in case of PMRT [60]. How-
ever, we believe that our findings suggest a specific benefit, and
clinicians should keep this in mind when planning IBR with an
implant after mastectomy.

5. Conclusions

The results of this study indicate that IBR after mastectomy with
PU implants, when directly compared with TE implants, is associ-
ated with a lower incidence of severe CC. The advantage of PU
implants is particularly evident if the need of PMRT is anticipated,
like for advanced cases or after neoadjuvant chemotherapy. The
mechanism of action that allows this protective action of the PU
foam is still under investigation. Further studies are needed to
confirm these findings.
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