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Breast augmentation is the most common aesthetic
surgical procedure performed, worldwide.1 Breast
augmentation has a positive impact on body shaping
and imaging. In 1895, Czerny underwent 1st augmen-
tation (transferred a lipoma to breast).2 Breast implants
of silicone gel were introduced by Cronin and Gerow
by 1962.3 Breast implants trend is increasing world-
wide the main indication being reconstruction after
mastectomy, breast cosmetic augmentation and
correction of congenital malformation. A wide variety
of breast implants have evolved with saline and
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�����������To assess retrospectively that ultrasound is an effective diagnostic tool in the imaging of both
intact and ruptured breast implants. Magnetic resonance imaging (MRI) was used as the reference method.
���������������������������Retrospective study was conducted at the Department of Diagnostic
Radiology,  Dallah hospital, Riyadh, Saudi Arabia. Study duration was 1.6 year (January 2018- June 2019).
������ ��������!�����A sample size of 60 breast implants (total 30 women with bilateral implants) was
calculated using the WHO calculator. Ethical approval was taken from the hospital administration. All participants
underwent breast US and subsequently MRI examination. Sensitivity, specificity, negative predictive value(NPV)
and positive predictive value(PPV) for breast US having MRI as the reference method. Data was analyzed using
SPSS version 24. Chi-square and ROC curve analysis was done. p value of �0.05 was considered significant.
���� ����Total 60 breast implants were included in the study (30 women with bilateral breast implants). The
average age of women was 33.7 years – 5.9SD. Ultrasound findings reported that rupture was intracapsular in
04(6.7%) implants, 1(1.7%) implant had intracapsular & extracapsular rupture with silicone granuloma in the
axilla, however, MRI findings revealed that rupture was intracapsular in 8(13.3%) and extracapsular in 1(1.7%)
implants. Diagnostic parameters in both groups were sensitivity (94% vs 98%), specificity (55% vs91%), TPV
(90% vs 98%), TNV (67% vs 91%) +LR (2.08vs10.8) LR (0.109 vs0.02) in ultrasound and MRI respectively
���� ������Ultrasound can be used as the first examination step in breast implant assessment.
"�#$��	���MRI, Ultrasound, intracapsular, implant rupture, breast augmentation.
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silicone gel implants being the most commonly used
implants.4

Implants rupture is a major reason for implant removal
following breast augmentation. Implant rupture is
often asymptomatic, without obvious trauma and cli-
nical examination fails to detect it.1 The exact incidence
of breast implant rupture is unknown, although the
risk of rupture is directly related to the age of the
implant (median lifespan of silicone implant = 10.8
years and is inversely related to the thickness of the
elastomer shell.
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Unlike rupture of a saline implant, which most often
occurs in a dramatic fashion and is clinically obvious,
silicone implant rupture is frequently asymptomatic
and incidentally identified at imaging.1 Clinical findings,
when present, may include changes in breast size or
shape, tenderness, a palpable abnormality in the
breast or axilla or skin tightening.8 For these reasons,
the diagnosis of implant rupture is based on imaging
techniques such as mammography, ultrasound(US)
and magnetic resonance imaging (MRI).
The two main categories of breast implant rupture
are intracapsular implant rupture and extracapsular
implant rupture depending on the location of ruptured
silicone with respect to the fibrous capsule.5 The
Intracapsular rupture is the most common type (77-
89%).6 The integrity of the implant is breached in
intracapsular rupture, but the fibrous capsule is intact;
so the leaked silicone is confined within the fibrous
capsule.8-12 On USG, the intracapsular rupture de-
monstrates horizontally stacked echogenic lines
traversing through the implant interior levels, termed
the stepladder sign .Isoechoic silicone may be found
between the fibrous capsule and the implant surface,
indicative of minimal prosthetic collapse; however,
these findings should be confirmed with MRI.8-12

Ultrasound has a reported sensitivity and specificity,
respectively of 50-70 and 55-84% in detecting implant
rupture.1-4 Ultrasonography is used widely for implant
rupture detection. Ultrasonography is operator depen-
dent and does not use ionizing radiation.11

MRI represents the gold standard for the assessment
of implant status and the latest step before the surgery
in cases of rupture.15-17,22 It has a reported sensitivity
and specificity of 72 - 94 and 85 - 100 %, respectively
The most reliable MR sign of intra-capsular rupture
is represented by the linguine sign  which consists
of curvilinear hypo-intense lines within the hyper-
intense silicone-filled implant due to the collapse of
the implant shell in silicone gel. Other signs of intra-
capsular rupture are the teardrop sign,  keyhole
sign, and sub-capsular line  sign. In the case of
extracapsular implant rupture, MR sequences detect
the presence of silicone particles in periprosthetic
tissues and in lymph nodes.15-17,22

Magnetic resonance imaging (MRI), ultrasonography
(US) and mammography are important diagnostic
techniques for diagnosing breast implants ruptures.
Each technique has its own weaknesses and strengths

depending upon the choice of implant patients. Choice
of technique depends upon several factors like avai-
lability of technique, contraindications, cost of exami-
nation and expertise of radiologists.10

Limited data is available on diagnostic accuracy of
ultrasound in breast implant rupture. Present study
aims to assess the diagnostic accuracy of ultrasound
in recognizing signs of signs of intra- or extracapsular
rupture of silicone breast implants by using the MRI
findings as the reference standard.

�%����%&�%�	����'�	�

This retrospective, single-centre study was conducted
at department of Radiology, Dallah Hospital, Riyadh.
Study duration was 1 year and 6 months (January
2018- June 2019). Sample size of 30 patients was
calculated with confidence interval of 95%, prevalence
of rupture 9%,12 absolute precision of 7% (sample
size of 64 implants was rounded off to 60) using WHO
calculator (all patients underwent bilateral breast
implants). Patients of breast implants were selected
through non-probability consecutive sampling. Ethical
approval was taken from the ethical review board.
Inclusion criterion was based upon women age >18
years, underwent breast implants with bilateral or
unilateral augmentation and patients with no
comorbidities (Diabetes mellitus, hypertension and
cardiovascular disorder). Exclusion criteria were
based upon patients contraindicated for MRI and
ultrasound, patients with psychological diseases
(depression, anxiety), pregnant and breastfeeding
women. Patients were undergone through MRI and
ultrasound testing. Ultrasound assessment was done
with a probe of 13 MHz (Philips Ultrasound System)
using radial and antiradical technique. MRI was done
with 1.5T MR imaging device (GE MRI), equipped
with four channel phased array coil. MRI was
performed without contrast medium injection and
regardless of menstrual cycle phase. Breast implants
were assessed for normal appearance and rupture
(intracapsular or extracapsular). Ultrasound was
assessed for intracapsular and extracapsular rupture
by using the findings of  stepladder sign, inhomoge-
neous echo-texture of implant lumen, snowstorm sign
and discontinuity of implant capsule . MRI evaluation
of intra and extra capsular findings were based upon
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�%(&��)��Association between breast implant rupture, ultrasound
and MRI
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�%(&��*� Diagnostic accuracy of ultrasound and MRI
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keyhole sign, linguine sign, presence of siliconomas
or free silicone particles and teardrop sign.
Data was analyzed using SPSS version 24. Mean
and standard deviation were calculated for descriptive
data while frequencies/ percentages were calculated
for qualitative data. Chi-square test and ROC curve
analysis was applied on data. P-value �0.05 was
considered significant.
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Total 60 breast implants among 30 women (bilateral
implants) were included in the study.  Mean age of
women was 33.7 years – 5.9SD. There were 17
(56.7%) patients in the age group 19-40 years and
13 (43.3%) in the age group >40 years. Out of all
implants, 48 (80%) were normal, 4(6.7%) right implant
rupture, 4 (6.7%) left implant rupture and 4 (6.7%)
were ruptured (2 patients with bilateral implant rupture)
in ultrasound. In MRI results, 51 (85%) implants were
normal, 3 (5%) were right rupture, 2 (3.3%) were left
rupture and 4(6.7%) were ruptured (2 patients with
bilateral rupture). MRI results also showed that out
of all ruptured implants 8(13.3%) were intracapsular,
1 (1.7%) extracapsular, 1 (1.6%) were both intracap-
sular and extracapsular rupture with silicone granu-
loma in axilla. However, ultrasound results showed
that out of all ruptured implants 4 (6.7%) were intra-
capsular, 1 (1.7%) with both intra and extracapsular
having silicon granuloma in axilla and 2 (6.7%) with
bilateral rupture. Clinical signs were present in
7 (23.3%) patients while absent in 23 (76.7%) patients.
Among all those patients who had normal breast
implant 49 (81.7%), 46 (76.7%) were ultrasound
positive and 3(5%) were ultrasound negative. Similarly
among all those who had rupture breast implant
11 (18.3%), 51 (8.3%) were ultrasound positive and
6 (10%) were ultrasound negative. Among all those
who had normal breast implants 49(81.7%), 48 (80%)
were MRI positive while 1 (1.7%) were MRI negative.
Out of all patients with ruptured implant 11 (18.3%),
1 (1.7%) were MRI positive and 10 (16.7%) were MRI
negative as shown in (Tab. 1).
Diagnostic parameters in both groups were sensitivity
(94% vs 98%), specificity (55% vs91%), TPV (90%
vs 98%), TNV (67% vs91%) +LR (2.08vs10.8) LR
(0.109 vs0.02) in ultrasound and MRI respectively as
shown in (Tab. 2).
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+�,����)-�.� Ultrasound ROC curve
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+�,����)-�.� MRI ROC curve

+�,����*��Ultrasound breast demonstrating snow storm appearance
of axillary lymph node representing silicone infiltration due to

extracapsular rupture. Multiple intraluminal membranes represent
intracapsular rupture.

MRI confirms both extracapsular and intracapsular rupture of
silicone implants. Ultrasound Images demonstrate how the snow

storm appearance makes ultrasound highly sensitive for the
diagnosis of extracapsular rupture.

+�,����/� Ultrasound breast showing subcapsular fluid and
intraluminal membrane due to  intracapsular rupture.

MRI confirms the findings of ultrasound.

+�,����0� False positive case due to reverberation artifact mimicking
an intracapsular intracapsular rupture.

No rupture seen on MRI.
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Most breast implant rupture patients do not manifest
clinically significant signs or symptoms.7,8 Ultrasound
and MRI are widely accepted as the imaging studies
of choice to definitively evaluate the implant integrity
with a sensitivity and specificity of greater than 90%
in evaluating implant rupture.19,22 Limitations of MRI
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include expense, need for scanners with specific
breast coil technology, time to complete study and
patient limitations due to other medical implants.
Ultrasound represents a valid tool and first-level
technique for evaluating implant integrity. It is cheap,
easily available, however, it is an operator-dependent
diagnostic study.14,15,22 In a cost analysis comparison
between ultrasound and MRI for screening for implant
rupture, ultrasound was found to be significantly more
cost-effective in both symptomatic and asymptomatic
women with breast implants.
In the present study, MRI and ultrasound findings
showed intra and extracapsular (6.7% vs 13.3%, 0%
vs 1.7% respectively) rupture of the implant. Moschetta
et al reported that out of 22 women 19 showed linguine
signs and 3 showed keyhole signs on MRI assess-
ment.16 Majjers et al reported that under ultrasound
examination 65% women had intracapsular and 35%
had extracapsular rupture.17

In present study ultrasound showed 94% sensitivity
and 55% specificity, TPV 90%, TNV 67%, + LR 2.08
and - LR 0.109. Bassetti et al reported that overall
diagnostic parameters for ultrasound in breast implant
rupture women was 79%, 63%, 70%, 65% and 77%
sensitivity, specificity, accuracy, PPV and NPV res-
pectively.18 Another similar study reported that pooled
sensitivity and specificity for ultrasound was 60.8%
and 76.3%.19

In present study, MRI showed sensitivity, specificity,
TPV, TNV and accuracy was 98%, 91%, 98%, 91%
and 94% respectively. Cher et al reported that MRI
showed 85% sensitivity, 90% specificity, 81% positive
predictive value and 92% negative predictive values
in symptomatic women while 78% sensitivity, 71%
specificity, 20% positive predictive values and 97%
negative predictive values.20 Spear et al reported that
diagnostic odds ratio, overall diagnostic test perfor-
mance was 14 times higher with MRI in symptomatic
patients as compared asymptomatic patients (sensi-
tivity 87% specificity 89.9%).21

 �1��%������ our study has some limitations mainly
due to small sample size, single center study, and
inclusion of symptomatic patients.
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Ultrasound can be used as the first examination in
the follow up of patients with breast implants. The US
detection of intracapsular rupture requires further
evaluation by means of MRI which represents the
most sensitive technique in this field. In the case of
extracapsular rupture US diagnosis, surgical implant
removal could be proposed without fur ther
investigation.
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