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Summary Background: Clinical evidence concerning the potential risks and benefits associ-
ated with surgical incision, anatomical pocket and implant device type in primary breast
augmentation is lacking.
Objectives: This study assesses relative risk (RR) of adverse events stratified by surgical inci-
sion, anatomical pocket and breast implant device in primary augmentation patients enrolled
in Core (NCT00689871, round/silicone devices) and 410 (NCT00690339, anatomically shaped/
highly cohesive silicone devices) long-term clinical trials.
Methods: RR for time-to-first-event of Baker grade 3e4 capsular contracture (CC), moder-
ateesevere malposition, and secondary procedure were calculated using multivariate
time-to-event regression analysis.
Results: Risk of CC was increased with periareolar (unadjusted model only) and with axillary
(adjusted model) versus inframammary incision. Risk of CC was significantly reduced with
subpectoral versus subglandular placement (adjusted model), and with textured surface/
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round/silicone-filled devices and textured surface/shaped/highly cohesive silicone-filled
devices versus smooth surface/round/silicone-filled devices (adjusted model). Risk of CC
was significantly reduced with textured surface devices independent of subpectoral or sub-
glandular placement (adjusted model). In a number-needed-to-treat analysis, 7e9 patients
needed to be treated with a textured surface device to prevent one Baker grade 3e4 CC
over 10 years. Risk of moderateesevere malposition was significantly increased with periar-
eolar (adjusted model) and axillary (adjusted model) versus inframammary incision; and
significantly lower with textured surface/shaped/highly cohesive silicone-filled devices
than with smooth surface/round/silicone-filled devices (adjusted model). Risk of secondary
procedures was significantly increased with periareolar (adjusted model) and axillary
(adjusted model) versus inframammary incision; and significantly reduced with textured
surface/shaped/highly cohesive silicone-filled devices versus smooth surface/round/
silicone-filled devices (adjusted model).
Conclusions: In primary breast augmentation, surgical incision, anatomical pocket, and de-
vice were significant predictors of clinical outcomes: capsular contracture, malposition and
secondary procedure.
ª 2013 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.
Introduction

Breast implants have been used for breast reconstruction
and augmentation for the last 50 years.1 Over time, im-
provements in implant design have led to corresponding
improvements in safety and esthetic outcomes.1 However
in a 25-year prospective, population-based study, capsular
contracture and malposition were reported as the first and
third most common reasons for secondary surgery, respec-
tively.2 The 10-year cumulative incidence rates of capsular
contracture (Baker grade 3e4) were reported to be
6.7e27.5% for silicone breast implants, depending on
indication.3e5 Recent publication of prospective data
among highly cohesive silicone-filled, anatomically shaped,
aggressively textured surface devices, reported 6-year risk
rates for capsular contracture, malposition and reoperation
of 4.6%, 2.3% and 19.4%, respectively among primary
augmentation patients.6

Despite many years of experience, controversy persists
over the potential benefits of surgical incision site,
anatomical pocket, and the use of specific implant device
types (e.g., textured surface, anatomical shape, and gel
fill-type). The association between periareolar, axillary or
inframammary surgical incision and the risk of capsular
contracture has not been demonstrated in clinical trials,
and anecdotal data in the clinical literature are inconclu-
sive.7,8 In addition, textured surface devices have been
reported to reduce the risk of capsular contracture
compared with smooth surface devices when placed in the
subglandular pocket; however it is currently unclear if
subpectoral placement of textured or smooth surface de-
vices impacts the risk of capsular contracture.9e14 Existing
clinical data have often been derived from small, poorly
designed, statistically underpowered studies that have not
adequately adjusted for multiple device characteristics, or
surgical techniques. This post hoc analysis of prospective
data from the primary augmentation cohorts of
registrational-quality clinical trials adjusts for multiple
variables including surgical incision, subglandular or sub-
pectoral placement, and implant type (device surface,
shape/fill). The model assesses the relative risk of capsular
contracture [including number-of-patients-needed-to-treat
(NNT) analysis], moderateesevere malposition, and need
for secondary surgery.

Methods

Study protocols

The Core (NCT00689871) and 410 (NCT00690339) clinical
trials are non-randomized, interventional, open-label clin-
ical trials designed to assess long-term safety and efficacy
of breast implants in female patients. Study protocols were
approved by institutional review boards, and written
informed consent was provided by all patients. Patient in-
clusion and exclusion criteria are detailed in previous
publications.15,16 These studies were conducted in accor-
dance with Good Clinical Practice, and were initiated in
order to obtain US FDA approval via a Premarketing
Approval (PMA) regulatory pathway.

Breast implant devices

Patients in this analysis participated in the primary
augmentation cohorts of the Core, 410 and 410 Continued
Access (a continuation of the 410 clinical trial) studies. The
breast implant devices used in the Core study were silicone-
filled, round implants, with a smooth or an aggressively
textured surface, and an internal barrier. The breast
implant devices used in the 410 studies were highly cohe-
sive silicone-filled, anatomically shaped, with an aggres-
sively textured surface and an internal barrier
(investigational devices in the US).

Analysis parameters

Characteristics of patients, follow-up, devices and pro-
cedures for combined Core and 410 studies are shown in
Table 1. To provide device comparators (i.e. for smooth or



Table 1 Combined core and 410 studies primary
augmentation cohorts: patients, devices and procedures.

Characteristics N (%)

Patients enrolled 4412
Age yrs, mean (SD);
minemax

35 (8.6); 18e82

Body mass index, mean
(SD); minemax

20.7 (2.6); 13e40

Devices implanted 8811
Dates of enrollment 1999e2009
Scheduled follow-up
post-operative visits

6 m, annually
yrs 1e10

Duration of follow-up,
months, mean (SD);
minemax

37 (32); 0e124

Person-years of follow-up 14,528
Device type

Round, smooth,
silicone filled

536 (6.1)

Round, textured,
silicone filled

371 (4.2)

Shaped, textured, highly
cohesive silicone filled

7904 (89.7)

Incision site
Inframammary 7526 (87.1)
Periareolar 981 (11.4)
Axillary 132 (1.5)

Placement
Subcutaneous 10 (0.1)
Subglandular 1213 (13.8)
Subpectoral-partial 7306 (82.9)
Subpectoral-complete 282 (3.2)

Parenteral antibiotics
No 475 (5.4)
Yes 8332 (94.6)

Parenteral steroids
No 7276 (82.8)
Yes 1513 (17.2)

Pocket irrigation with
antibiotics
No 3284 (37.3)
Yes 5527 (62.7)

Pocket irrigation with betadine
No 7413 (84.1)
Yes 1398 (15.9)

Pocket irrigation with steroids
No 8657 (98.2)
Yes 154 (1.8)

Drains placed
No 7942 (90.1)
Yes 869 (9.9)

Use of insertion sleeve
No 6482 (73.6)
Yes 2329 (26.4)

Most commonly used implant devices used in the combined
studies were in the 350e399 cc range. Median implant device
size used in the combined studies was 325 cc.
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textured surfaces, and shaped or round devices), the Core
and 410 Studies were pooled on the basis of comparable
patient populations, and standardized patient follow-up
and outcome assessments between studies. Specifically,
combining the studies increases the range of device types
and statistical power to evaluate independent predictors
for the target outcomes. This analysis of the primary
augmentation cohorts of the Core and 410 studies investi-
gated the effects of surgical incision, anatomical place-
ment, and implant device type (smooth surface/round/
silicone-filled, textured surface/round/silicone-filled,
textured surface/shaped/highly cohesive silicone-filled)
on risk of capsular contracture, moderateesevere malpo-
sition, and secondary procedures due to adverse events.
Patients undergoing reconstruction or revision augmenta-
tion procedures were not included in this analysis.

Capsular contracture was assessed using the Baker
grade,4,5 with statistical analyses being conducted on pa-
tients with Baker grade 3e4. Risk of capsular contracture
was assessed overall and stratified by anatomical pocket.
The degree of malposition (including rotation, displace-
ment, superior, inferior, medial, and lateral) was assessed
by investigators on a 5-point scale (none, mild, moderate,
severe, and very severe). Secondary procedures included
one of the following, with or without other procedures:
explant with or without replacement, repositioning of
implant, mastopexy, aspiration of seroma or hematoma,
capsulectomy, or capsulotomy. Explants with replacements
performed to satisfy patient request for size change were
not included.
Statistics

Hazard ratios (relative risk: RR) and 95% confidence in-
tervals (95% CI) for time-to-first-event of Baker grade 3e4
capsular contracture, moderateesevere malposition, and
secondary surgical procedures due to adverse events
following enrollment surgery were estimated using Cox
proportional hazards regression. Each device was a unit of
analysis. Censoring events included last completed follow-
up visit, explant (except in analyses of secondary procedure
where explant was considered an event), study discontin-
uation, or death. Independent variables included age at
surgery (years, continuous), BMI (kg/m2, continuous), de-
vice size (50 cc or 50 g increments), device surface, fill and
shape combined variable (smooth/round/silicone,
textured/round/silicone, textured/shaped/highly cohesive
silicone), placement [subglandular, subpectoral (partial or
complete)], incision site (periareolar, axillary, inframam-
mary), use of parenteral antibiotics (no, yes), use of
parenteral steroids (no, yes), pocket irrigation with anti-
biotics (no, yes), pocket irrigation with betadine (no, yes),
and use of drains (no, yes). Adjusted models included all
independent variables (p < 0.05 was considered statisti-
cally significant). The assumption of proportional hazards
for the Cox model is that the hazard ratios (or relative risks)
are proportional over the follow-up period. To correct vi-
olations of the proportional hazard assumption, all time-
interaction terms were tested. The final models included
only those interaction terms with p < 0.001. NNT for
benefit (outcome measured as time-to-event) was
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calculated (formula: 1/{[Sc(t)]HR � Sc(t)}) as described by
Altman and Andersen.17 Confidence intervals for NNT
benefit were calculated as described by Altman.18 Analyses
were performed using SAS v.9.1 (Cary, NC).

Results

The primary breast augmentation cohorts of the Core and
the 410 studies were combined with 14,528 person-years of
active follow-up (mean follow-up as of August 2009: 3.0
years), including 4412 patients with 8811 breast implants
(Table 1). The vast majority of breast implant devices used
in the combined Core and 410 studies had aggressively
textured surfaces (93.9%); all other devices had smooth
surfaces (Table 1).

Risk of capsular contracture

In the combined Core and 410 studies, 317 events of
capsular contracture were recorded out of a total of 8811
breast implant devices (3.6%). The risk of capsular
contracture was significantly increased with axillary versus
inframammary incision site [adjusted model, RR: 2.20 (95%
CI: 1.31, 3.68), p < 0.001], and periareolar versus infra-
mammary incision site [unadjusted model, RR: 1.90 (95% CI:
1.46, 2.48), p < 0.001], although the association was no
longer significant after adjusting for other variables [(per-
iareolar versus inframammary incision site) adjusted
model, RR: 1.34 (95% CI: 0.99, 1.81)]. The risk of capsular
contracture was also significantly increased by increasing
patient age at time of surgery (adjusted model) (Table 2).

The risk of capsular contracture was significantly
reduced with subpectoral versus subglandular placement
[adjusted model, RR: 0.45 (95% CI: 0.35, 0.59), p < 0.001]
(Table 2).

In an analysis of device type, risk of capsular contracture
was significantly reduced with textured surface/round/
silicone-filled devices [adjusted model, RR: 0.35 (95% CI:
0.23, 0.53), p < 0.001], and with textured surface/shaped/
highly cohesive silicone-filled devices [adjusted model, RR:
0.16 (95% CI: 0.10, 0.25), p < 0.001], versus smooth
surface/round/silicone-filled devices (Table 2). Number-
needed-to-treat analyses showed that for every 8.8 pa-
tients (95% CI: 7.4, 12.4) treated with textured surface/
round/silicone-filled devices, and 6.7 patients (95% CI:
6.2, 7.6) treated with textured surface/shaped/highly
cohesive silicone-filled devices, rather than smooth
surface/round/silicone-filled devices, one occurrence of
Baker grade 3e4 capsular contracture would be prevented
over 10 years of follow-up.

Risk of capsular contracture with subglandular
placement

In the combined Core and 410 studies, 104 events of
capsular contracture were recorded out of a total of 1213
breast implant devices (8.6%) placed in the subglandular
plane. The risk of capsular contracture with subglandular
placement was significantly increased with periareolar
versus inframammary incision site [unadjusted model, RR:
1.93 (95% CI: 1.27, 2.95), p < 0.01] (Table 2).
In an analysis of device type, risk of capsular contracture
with subglandular placement was significantly reduced with
textured surface/round/silicone-filled devices [adjusted
model, RR: 0.25 (95% CI: 0.13, 0.51), p < 0.001], and with
textured surface/shaped/highly cohesive silicone-filled
devices [adjusted model, RR: 0.18 (95% CI: 0.08, 0.40),
p < 0.001], versus smooth surface/round/silicone-filled
devices (Table 2).

Risk of capsular contracture with subpectoral
placement

In the combined Core and 410 studies, 209 events of
capsular contracture were recorded out of a total of 7588
breast implant devices (2.8%) placed in the subpectoral
plane. The risk of capsular contracture was significantly
increased with axillary versus inframammary incision site
[adjusted model, RR: 2.42 (95% CI: 1.28, 4.58), p < 0.01],
and increasing patient age at time of surgery (adjusted
model) (Table 2).

In an analysis of device type, risk of capsular contracture
with subpectoral placement was significantly reduced with
textured surface/round/silicone-filled devices [adjusted
model, RR: 0.42 (95% CI: 0.23, 0.77), p < 0.01], and with
textured surface/shaped/highly cohesive silicone-filled
devices [adjusted model, RR: 0.16 (95% CI: 0.09, 0.27),
p < 0.001], versus smooth surface/round/silicone-filled
devices (Table 2).

Risk of moderateesevere malposition

In the combined Core and 410 studies, 156 events of mod-
erateesevere malposition were recorded out of a total of
8811 breast implant devices (1.8%) (5-point scale; none: 1,
very severe: 5). The risk of moderateesevere malposition
was significantly increased with axillary versus inframam-
mary incision site [adjusted model, RR: 3.72 (95% CI: 1.72,
8.06), p < 0.001], and periareolar versus inframammary
incision site [adjusted model, RR: 1.62 (95% CI: 1.04, 2.53),
p < 0.05] (Table 2). An additional analysis indicated that
risk of malposition was significantly increased with axillary
versus periareolar incision site [adjusted model, RR: 2.39
(95% CI: 1.09, 5.22)].

The risk of moderateesevere malposition was signifi-
cantly reduced with subpectoral versus subglandular
placement [unadjusted model, RR: 0.68 (95% CI: 0.46,
1.00), p < 0.05], although the association trended to sig-
nificance after adjustment for other variables [adjusted
model, RR: 0.67 (95% CI: 0.44, 1.01)] (Table 2).

In an analysis of device type, risk of moderateesevere
malpositionwas significantly reducedwith textured surface/
shaped/highly cohesive silicone-filled devices [adjusted
model, RR: 0.29 (95% CI: 0.15, 0.56), p < 0.001], versus
smooth surface/round/silicone-filled devices (Table 2).

Risk of secondary surgical procedures due to
adverse events

In the combined Core and 410 studies, secondary surgical
procedures due to adverse events were performed on 774
out of a total of 8811 breast implant devices (8.8%).



Table 2 Combined core and 410 studies primary augmentation cohorts: risk of capsular contracture, moderateesevere malposition, and secondary procedure due to adverse
event.

Capsular contracture
(Baker grade 3e4)a

Capsular contracture:
Subglandularb

Capsular contracture:
Subpectoralc

Malposition
(ModerateeSevere)d

Secondary procedure
Due to adverse evente

Unadjusted RR
(95% CI)

Adjusted RRf

(95% CI)
Unadjusted RR
(95% CI)

Adjusted RRf

(95% CI)
Unadjusted RR
(95% CI)

Adjusted RRf

(95% CI)
Unadjusted RR
(95% CI)

Adjusted RRf

(95% CI)
Unadjusted RR
(95% CI)

Adjusted RRf

(95% CI)

Patient age at

surgery,

continuous (yrs)

1.02
(1.01, 1.04)y

1.02
(1.01, 1.04)**

1.00
(0.98, 1.02)

1.00
(0.98, 1.02)

1.03
(1.02, 1.05)y

1.04
(1.02, 1.05)y

1.00
(0.98, 1.02)

1.00
(0.98, 1.02)

1.01
(1.00, 1.02)

1.01
(1.00, 1.02)

Incision site

Inframammary Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Periareolar 1.90

(1.46, 2.48)y
1.34
(0.99, 1.81)

1.93
(1.27, 2.95)**

1.36
(0.83, 2.24)

1.81
(1.29, 2.54)y

1.35
(0.91, 2.02)

1.81
(1.22, 2.69)**

1.62
(1.04, 2.53)*

1.47
(1.23, 1.76)y

1.47
(1.20, 1.79)y

Axillary 3.00
(1.91, 4.69)y

2.20
(1.31, 3.68)y

1.25
(0.31, 5.13)

0.88
(0.19, 3.98)

3.62
(2.19, 6.00)y

2.42
(1.28, 4.58)**

3.69
(1.91, 7.10)y

3.72
(1.72, 8.06)y

1.91
(1.36, 2.69)y

1.90
(1.29, 2.79)**

Surgical pocket

Subglandular Ref Ref e e e e Ref Ref Ref Ref
Subpectoral 0.39

(0.31, 0.50)y
0.45
(0.35, 0.59)y

e e e e 0.68
(0.46, 1.00)*

0.67
(0.44, 1.01)

0.85
(0.71, 1.02)

0.98
(0.81, 1.20)

Device type

Smooth/round/
silicone

Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

Textured/round/
silicone

0.77
(0.54, 1.11)

0.35
(0.23, 0.53)y

0.38
(0.22, 0.65)y

0.25
(0.13, 0.51)y

0.95
(0.58, 1.56)

0.42
(0.23, 0.77)**

0.84
(0.44, 1.59)

0.62
(0.30,1.31)

1.22
(0.93, 1.60)

0.75
(0.54, 1.03)

Textured/shaped/
highly cohesive
silicone

0.35
(0.27, 0.46)y

0.16
(0.10, 0.25)y

0.32
(0.20, 0.52)y

0.18
(0.08, 0.40)y

0.40
(0.28, 0.57)y

0.16
(0.09, 0.27)y

0.49
(0.32, 0.77)**

0.29
(0.15, 0.56)y

0.80
(0.64, 0.99)*

0.48
(0.34, 0.66)y

RR: relative risk; CI: confidence interval; Ref: Reference group; *p < 0.05; **p < 0.01; yp < 0.001.
Patient body mass index (BMI) did not increase or decrease risk of capsular contracture, moderateesevere malposition, or secondary procedure due to adverse event.
a N Z 317 events of capsular contracture, Baker grade 3e4.
b N Z 104 events of capsular contracture in subglandular position.
c N Z 209 events of capsular contracture in subpectoral position.
d N Z 156 events of moderateesevere malposition.
e N Z 774 events of secondary procedure due to adverse event.
f Multivariate models adjusted for variables in the table in addition to time interaction terms as described in methods section, device

volume, parenteral antibiotics, parenteral steroids, pocket irrigation with antibiotics, pocket irrigation with betadine, and use of drains.
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Secondary procedures included capsulectomy and/or cap-
sulotomy (n Z 285, 3.2%), mastopexy (n Z 134, 1.5%),
reposition (n Z 87, 1.0%), and aspiration of seroma or he-
matoma (n Z 28, 0.3%). In addition, 504 (5.7%) implant
devices were explanted, with or without replacement. Of
note, some patients in the combined studies underwent
multiple secondary surgical procedures.

The risk of secondary procedures was significantly
increased with axillary versus inframammary incision site
[adjusted model, RR: 1.90 (95% CI: 1.29, 2.79), p < 0.01],
and periareolar versus inframammary incision site
[adjusted model, RR: 1.47 (95% CI: 1.20, 1.79), p < 0.001].
Implant pocket was not significantly associated with risk of
secondary procedure (Table 2).

In an analysis of device type, risk of secondary pro-
cedures was significantly reduced with textured surface/
shaped/highly cohesive silicone-filled devices [adjusted
model, RR: 0.48 (95% CI: 0.34, 0.66), p < 0.001], versus
smooth surface/round/silicone-filled devices (Table 2).
Discussion

This study attempts to define the consequences of key sur-
gical decisions (incision, pocket and device type) on specific
outcomes: capsular contracture, malposition and secondary
procedure. The conclusions have limitations, which will be
discussed; however the noteworthy findings of this primary
breast augmentation cohort are summarized as follows: 1)
The risk of capsular contracture was reduced by the use of
inframammary surgical incision, subpectoral anatomical
placement, and the use of textured/round/silicone-filled or
textured/shaped/highly cohesive silicone-filled implant
devices. 2) The risk of moderateesevere malposition was
reduced with inframammary surgical incision and the use of
textured/shaped/highly cohesive silicone-filled implant
devices. 3) The risk of secondary procedures was reduced
with inframammary surgical incision and the use of textured/
shaped/highly cohesive silicone-filled implant devices.

Clinical benefit was demonstrated by number-needed-
to-treat analysis, indicating that for 1 million patients
treated with textured surface/shaped/highly cohesive
silicone-filled devices, an estimated 149,000 patients would
avoid Baker grade 3e4 capsular contracture over 10 years,
compared with smooth surface/round/silicone-filled de-
vices. Similarly, for 1 million patients treated with textured
surface/round/silicone-filled devices, an estimated
114,000 patients would avoid Baker grade 3e4 capsular
contracture over 10 years.

An important finding is that breast augmentation per-
formed through an inframammary incision is associated
with significantly lower rates of capsular contracture,
moderateesevere malposition and secondary procedures d
compared with periareolar [higher risk (unadjusted model)]
and axillary [even higher risk (unadjusted and adjusted
models)]. The inframammary incision provides a direct
approach with maximum visualization of the implant
pocket, independent of plane of dissection. The nipple
areola complex is avoided and there is no need for dissec-
tion within the breast or axillary tissue. In the authors’
opinion, this approach allows for more precise atraumatic
dissection, minimizing the likelihood of fluid within the
periimplant space, and may reduce exposure to tissues
colonized with bacteria (e.g., mammary glands).

Similarly, implants placed in a subpectoral position were
less likely to result in the development of capsular
contracture or moderateesevere malposition. Previous
studies have reported that textured surface devices may
decrease the incidence of capsular contracture in a sub-
glandular pocket.9e12 In this study, textured surface/sha-
ped/highly cohesive silicone-filled devices resulted in a
significantly lower rate of capsular contracture compared
with smooth surface/round/silicone-filled devices in both a
subglandular and subpectoral pocket. From the analyses
described it is apparent that multiple patient, device and
clinical variables may contribute to clinical outcomes
following primary breast augmentation.

The aggressively textured surface implants included in
these clinical studies are suggested to reduce capsular
contracture because of macro-texturing with large open-
pore size (up to 800 mm), producing non-linear vectors of
small lengths and divergent directions.19 This macro-
texturing is suggested to result in less compact fibrous
capsule tissue with features and vascularity that mirror the
textured implant surface.19 In addition, aggressively
textured surface implants are thought to reduce risk of
capsular contracture by contributing to the development of
a non-linear, disorganized structure of the capsule tissue as
it integrates with the larger open pore size.20 The improved
stability of textured surface devices within the tissues may
also reduce soft-tissue stretch over time, and improve the
“one breast feel” described by Brown et al.21

It is recognized that breast implants are also associated
with adverse events; including reports of late seroma
(periprosthetic fluid) and double capsule with textured
surface devices.22,23 In general, late seroma and double
capsule have been reported rarely, in the form of limited
case reports and anecdotal experiences of individual phy-
sicians.22,23 However, these data demonstrate no overall
increased risk of adverse events requiring secondary pro-
cedures in these large, prospective clinical trials. It should
be noted, however, that these trials were not designed to
specifically detect double capsule.

The importance of selecting the appropriate implant
device for the patient and dimensional planning should not
be neglected. The authors note that no single device is
ideal for every patient, and consequently soft-tissue char-
acteristics and patient expectations must be assessed when
selecting a device (e.g., the use of textured surface im-
plants requires adequate soft-tissue coverage to minimize
risk of traction rippling and palpable edges). The authors
believe that a combination of dimensional and tissue-based
planning, proper device selection, and appropriate surgical
technique d promoting tissue integration d maximizes the
benefit of a macro-textured implant, and minimizes
possible adverse events. These data support the view that
clinical outcomes in primary breast augmentation pro-
cedures are influenced by a variety of patient, device, and
surgical factors.

The data presented in this article are derived from
prospective studies, and therefore limitations exist,
including the possibility that some adverse events were not
reported after augmentation mammoplasty. However, this
is less likely to occur in the case of the more severe
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adverse events specifically considered here (Baker grade
3e4 capsular contracture, moderateesevere malposition,
secondary surgery). In the case of the less severe adverse
events, the outcome of secondary procedures resulting
from an adverse event was included in order to capture any
additional events such as double capsule and late seroma
requiring intervention. In addition, the regression analysis
was not pre-specified in the clinical trial analysis plan, and
therefore should be considered as ad hoc in nature and
there was no statistical adjustment for multiple compari-
sons. In some categories there were small numbers of
adverse events [e.g., capsular contracture with implants in
the subglandular position (N Z 104)], thereby limiting
statistical power to detect additional associations.

The subjective definition of capsular contracture using the
Baker grade may also produce bias. Rotational malposition is
an adverse event exclusive to shaped implants, thereby
biasing the total number of malpositions away from round
devices. The clinical trials were not designed to assess rare
adverse events such as double capsule, but were designed to
capture late seroma and any type of cancer, including
anaplastic large cell lymphoma. Some patients were lost to
follow-up; however the analysis included only active follow-
up patients with censoring at last active contact in order to
maximize the potential for capturing adverse events.
Additional limitations include limited detail regarding tech-
niques such as use of antibiotics, use of betadine, types of
surgical drain, and duration of surgical drain use. Only broad
categories of whether these interventions were used or not
were captured. In summary, the results of this analysis have
certain limitations; however, the analysis is unique in the goal
to define the consequences of key surgical decisions (incision,
pocket and device) and how these surgeon choices may in-
fluence specific outcomes d capsular contracture, malposi-
tion and secondary procedure.

Conclusion

In conclusion, the outcomes reported in this article provide
clinical perspective to benefit and risk of breast implant
devices, and highlight the need to account for multiple
contributing factors when assessing outcomes among pri-
mary breast augmentation cohorts. Overall, these clinical
data indicate that inframammary incision and subpectoral
placement of textured surface devices are associated with
reduced risks of capsular contracture, and inframammary
incision and textured/shaped/highly cohesive silicone-
filled devices are associated with reduced risk of moder-
ateesevere malposition and secondary procedure.
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