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Introduction

In recent years, aesthetic breast augmentation and
breast reconstruction after mastectomy have increased
requests for implant surgery (1).

Different kinds of  breast implants exist and usually
implantable silicone devices are used at this purpose (2).

Despite the routine use of silicone breast implants,
complications such as capsular contraction and intra-
capsular or extra-capsular rupture can occur and they can
lead to surgical removal and replacement of the implants
after several years (2).

Clinical examination fails to detect implant rupture
in more than 50% of cases; therefore the use of imag-
ing techniques is mandatory and magnetic resonance im-
aging (MRI) represents the most accurate tool in this field
(1, 3-7).

The recent Poly Implant Prosthése (PIP; La Seynesur-
Mer, France) breast implant scandal has led to renewed
debates about the safety of implantable silicone prostheses
for breast augmentation (2). In fact, PIP breast implants
were manufactured by the eponymous French compa-
ny and distributed worldwide beginning in 2001 until
2010 when they were banned.

Different rupture rates have been reported in the med-
ical literature with values ranging from 7 to 35%, al-
though different biasing factors can influence these data
(8). Therefore, the medical literature still has few data
regarding the PIP problem or the assessment of com-
plications from the use of this kind of implants. 

Besides, in patients with PIP breast implants, a pos-
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sible association with lymphoma, specifically anaplastic
large cell lymphoma, and rare cases of breast carcinoma
have been reported. However, a direct link between PIP
implants and neoplastic disease has not been established
in the literature (9-11). 

The aim of our study is to evaluate the incidence of
PIP implant rupture as assessed by MR imaging, the
prevalence of the detected signs and the potential cor-
relation with breast carcinoma.

Patients and methods

Patient population
This prospective, single-centre study was carried

out between June 2012 and July 2013. Sixty-seven con-
secutive patients (age range, 26-64 years; mean age ± stan-
dard deviation (SD), 43.7 ± 9.8 years) with silicone breast
implants and clinical indications for breast MRI were eval-
uated for a total of 125 implants: 40 (32%) PIP in 21
patients and 85 non-PIP in 46 patients (68%), the lat-
est considered as control group. Clinical indications for
breast MRI were represented by suspected implant rup-
ture basing on clinical assessment or mammographic
and/or ultrasound (US) examinations, implant age of ≥
7 years, and presence of breast lesion detected by mam-
mographic or US examinations (n=6). All patients with
positive MRI associated with suspected clinical signs were
referred for surgery which was performed within twen-
ty days of diagnosis. All patients with negative MRI were
referred for a six-month follow-up MR examination. The
study followed the principles of Helsinki declaration and
a written informed consent was obtained in all cases.

MRI protocol
Magnetic resonance images were acquired with a 1.5-

T MR imaging device (Philips, Achieva 1.5) equipped
with a 4-channel phased array coil (SENSE-body coil).
Breast MRIs were performed regardless of menstrual cy-
cle phase, except for the 6 cases where breast tissue study
was associated.

As already performed in other series (1), the follow-
ing sequences were obtained:
• Axial turbo spin echo (TSE) T2 weighted images: ma-

trix 512 × 512; FOV 350-470; scan% 75; slice num-
ber 50; thickness 3 mm; TR short (mean value 4864
ms); TE 120;

• Axial-silicone-only images: matrix 512 × 512; scan%
80; TE 70 ms; TR short (mean value 9372 ms); TI
165 ms; slice number 40-50; thickness 3 mm;

• Axial silicone suppression images: matrix 512 × 512;
thickness 3 mm; slice number 35; FOV 350-400;
RFOV 60; scan% 80; TE 2.4 ms; TR 4.9 ms;
Sagittal short tau inversion recovery (STIR) images:

matrix 512 × 512; slice number 40; thickness 3 mm,

FOV 350-400; RFV 60; TR 7500 ms, TE 70 ms; TI 160
ms.

In the 6 cases who needed also breast tissue evalua-
tion, dynamic axial T1w high-resolution isotropic vol-
ume (THRIVE) sequences were performed before and
after intravenous injection of 0.2 ml/kg of dimeglumine
gadobenate (Multihance; Bracco, Milan, Italy) at a flow
rate of 2.5 ml/s followed by 20 ml of saline solution with
the following parameters:

- Three-dimensional (3D) dynamic, contrast-en-
hanced (CE) T1- weighted high resolution isotropic vol-
ume (THRIVE) sequences (TR/TE = 4. 4 /2.0 ms, FOV
= 250 × 450 × 150 mm (AP × RL × FH), matrix 168 ×
300, 100 slices with 1.5-mm slice thickness, turbo fac-
tor 50, SENSE factor 1.6, 6 dynamic acquisitions, re-
sulting in 1.5-mm3 isotropic voxels, a dynamic data ac-
quisition time of 1 min 30 s, and a total sequence du-
ration of 9 min).

Image analysis
Two radiologists with more than 5 years’ experience

in the field of magnetic resonance imaging and virtual
image reconstruction (MM, MT) evaluated in consen-
sus MR sequences. All images were firstly analysed at a
workstation equipped with dedicated software for MRI
examination (View-forum R5.1 V1L1 2006). Then, all
dicom images were transferred to and analyzed on a work-
station (HP XW 6400) equipped with a software ded-
icated to image reconstruction (Vitrea 4.1, Vital Images,
Minneapolis, Minnesota, US) in order to assess con-
ventional MR images associated to 3D virtual naviga-
tion as already reported in another series (1). The vir-
tual navigation program was applied and a real time nav-
igation of 3D volume data was also performed in all cas-
es. All images were evaluated searching for the presence
of clear signs of intra or extra-capsular implant rupture,
as already reported in literature: linguine sign, teardrop
sign, key-hole sign, presence of siliconomas and free sil-
icone particles within axillary or mammary lymph
nodes (1).

For virtual navigation, the integrity of prosthetic cap-
sule, the quality of the content and the presence of any
abnormality or irregularity within the implants were eval-
uated (1). The duration of post-processing was 5 min-
utes and 7 minutes, respectively for MRI and virtual nav-
igation.

Patients with signs of implant rupture were referred
for surgery.

Results 

All the examined 45 breast prostheses were represented
by single lumen silicone implants positioned in the sub-
pectoral site in all cases. 
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By using both MR images and intra-prosthetic vir-
tual navigation, 20 out of the 40 (50%) PIP implants
presented signs of intra-capsular rupture: linguine sign
in 20 cases (100%) (Figure 1), tear-drop sign in 6 (30%).
A peri-prosthetic fluid effusion was also detected in all
cases. In 12 out of 20 cases (60%), MRI signs of extra-
capsular rupture represented by siliconomas and silicone
dissemination to axillary and internal mammary lymph
nodes were detected (Figure 2).

In the control group, an intra-capsular rupture was
diagnosed in 12 out of 85 cases (14%) associated with
extra-capsular one in 5 out of 12 cases (42%). 

Among the six cases with suspected breast lesions, in
2 out of the 21 patients with PIP implants (10%) a breast
carcinoma was diagnosed (mucinous carcinoma, n=1; in-
vasive ductal carcinoma, n=1). In 4 out of the 46 patients
(9%) with non-PIP implants, an invasive ductal carci-
noma was diagnosed. 

All patients with MRI signs of intra or extra-capsu-
lar rupture and breast malignant lesions as confirmed by
the pre-operative core needle biopsy were referred for sur-
gery. The comparison with surgical findings confirmed
the MRI diagnoses in all cases. All intact breast implants
were not removed, also in the cases of PIP prostheses.
All negatives were then confirmed at the six-month fol-
low-up examination.

Discussion

The diagnosis of breast implant rupture is based on
imaging techniques such as mammography, US, MRI

which could be variously used as screening tests or as di-
agnostic techniques in symptomatic patients with dif-
ferent accuracy values (1, 3-6). The sensitivity of mam-
mography for implant rupture ranges from between 25–
30% and 68% (1, 3). In fact, mammography is useful
in detecting migration of silicone away from the fibrous
shell into the breast parenchyma along the pectoralis mus-
cle or within the axillary lymph nodes but it is unable
to recognize intra-capsular rupture because of the high
opacity of silicone (1, 3).

US has a reported sensitivity and specificity of 50-
77% and 55-84%, respectively, in detecting implant rup-
ture. However, US represents one of the most “opera-
tor-dependent” techniques and it could not provide an
accurate evaluation of the posterior wall of the breast im-
plant because of silicone attenuation (12-15).

MRI has a reported sensitivity and specificity of 72-
94% and 85-100%, respectively, for diagnosing silicone
implant rupture because of its high spatial and soft-tis-
sue resolution and the ability to set the signal from wa-
ter, fat or silicone (1). Therefore, MRI represents the gold
standard for the assessment of implant status and the lat-
est step before the surgery in cases of rupture (16). The
intra-prosthetic virtual navigation has been recently re-
ported to be an additional promising tool in this field
being able to improve MRI specificity (1).

In our experience, MRI allowed a correct diagnosis
in all cases and therefore this crucial role for breast im-
plant imaging has been confirmed. 

Multiple specific signs of implant rupture have already
been reported in literature. The signs of intra-capsular
rupture are mainly represented by the “linguine” sign,

Fig. 1 - PIP implant with intra-capsular rupture detected at
TSE-T2 MR sequence and represented by “linguine sign”. 
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“teardrop” sign, “keyhole” sign and “sub-capsular line”
sign. The “linguine sign” consists of curvilinear hypo-
intense lines within the hyper-intense silicone filled im-
plant. It is due to the collapse of the implant shell in sil-
icone gel and it represents the most reliable sign of in-
tra-capsular rupture.

The “teardrop sign”, the “keyhole” and the “sub-cap-
sular line” signs occur when small amounts of silicone
are located between the inner shell and the fibrous cap-
sule (1, 3).

On the other side, the diagnosis of extra-capsular rup-
ture relies on the detection of free silicone particles out-
side the implant, within the breast glandular tissue or the
axillary or mammary lymph nodes. In our series, the lin-
guine sign has been confirmed to be the most common
MR sign of implant rupture.

Numerous studies reported the use of MRI also for
evaluating PIP implants which are characterized by me-
chanical fragility of shells and accelerated biodegradability
of gels (2, 17-19).

Berry and Staneck reported a PIP implant rupture
rate of 15.9-33.8% and Maijers and Niessen a rupture
prevalence rate of 24 percent after 10 years (8).

Quaba et al. reported an overall rupture rate of 35.2%
per patient and 21.3% per implant over an average pe-
riod of 7.8 years and confirmed the unacceptably high

failure rate for PIP implants in a single surgeon series of
676 patients (8). An interesting finding that has arisen
from the study performed by Quaba is the significant
difference in rupture rates depending on pocket place-
ment of the implants. The rupture rates per implant al-
most double when the implant is placed in the sub-pec-
toral position probably because of the increased strain
over the upper part of the implants by the pectoralis ma-
jor muscle over time in implants that already have weak-
ened shells. 

In our series, a rupture rate of 50% was found for PIP
implants; this value is slightly higher as compared with
the other percentages reported in the medical literature
and significantly higher than the 14% rupture rate of non-
PIP implants in our series. All prostheses were sub-pec-
toral positioned and had a mean age of more than 7 years;
these data could explain the high rate of rupture and re-
sulted to be confident with other studies reported in this
field (8).

In the study reported by Oulharj et al. on a series of
828 cases, the rupture rate of PIP implants was 7.73%
(11). This value can be explained by the choice to pre-
ventively remove PIP implants even in the absence of ev-
idence of rupture. Differently, in our experience, all in-
tact implants were not surgically removed and underwent
follow-up MRI control.

Fig. 2 - PIP implant with extra-ca-
psular rupture detected at silicone-
only MR sequence and represented
by free peri-prosthetic silicone par-
ticles (empty arrow) and within an in-
ternal mammary lymph node (ar-
row). 
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With regard to the potential association between PIP
implants and neoplastic disease, two and four cases of
breast carcinoma occurred respectively in the group of
PIP and non-PIP implants, with no significant differ-
ence between the two groups. Therefore, as also reported
in the medical literature, no association between PIP pros-
theses and breast cancer can been demonstrated (9-11).

Our study has some important limitations, mainly
represented by the small size of the examined sample;
the occurrence of only single lumen sub-pectoral sili-
cone gel implants; the lack of a true gold standard be-
cause of the use of a six month follow up MR as a neg-
ative confirmation; the impossibility to evaluate inter-
reader variability and the selection bias mainly repre-

sented by a single sample including only symptomatic
patients. 

Conclusion

In conclusion, the rupture rate of PIP breast implants
is significantly higher than non-PIP (50% vs 14%). MRI
represents the most accurate imaging tool for evaluat-
ing breast prostheses and the linguine sign is the most
common MRI sign to be searched. The incidence of
breast carcinoma does not significantly differ between
the PIP and non-PIP implants and a direct correlation
with breast cancer can not been demonstrated.
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