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Elective cosmetic surgery, already 
popular in the United States, is on 
the rise. This includes cosmetic 

breast augmentation, with women elect-
ing to undergo this surgery for personal 
reasons such as a desire to increase or 
change breast shape or size, or to restore 
breast fullness due to weight changes 
and/or pregnancy (Figure 1). Breast 
augmentation is the most common cos-
metic surgery performed in the United 
States, and it continues to increase.1 As 
more women undergo breast augmenta-

tion, the visualization of implants during 
mammography will also increase. For ra-
diologists who interpret either screening 
or diagnostic mammograms, an under-
standing of the diverse mammographic 
manifestations of breast augmentation 
can help produce a precise, accurate and 
relevant report that can help to provide 
optimal patient care. 

Implant-specific mammography
Implants are not a contraindication 

for mammography. Centers that rou-
tinely perform mammograms often pro-
vide these women with routine full field 
routine CC (cranio-caudal) and MLO 
(mediolateral oblique) views, as well as 
additional “implant displaced” CC and 
MLO views (Figure 2). These implant-
displaced views are obtained for increased 
compression of glandular tissue and were 
first described by Dr. Eklund in 1988. 
The technique of “implant displaced” or 
“Eklund” views involves posterior and 
superior displacement of the implant to 
flatten it against the chest wall.2

Implant types and appearances
Implants are identified on a mam-

mogram by visualizing a round or oval 
foreign body within the breast. Implants 

consist of an outer elastomer shell with 
an internal lumen that can be filled with 
different types of material. The most 
common types of implants are single-
lumen silicone and single-lumen saline 
implants. There are other less common 
variations of dual-lumen implants con-
taining an inner and outer shell, with ei-
ther shell containing silicone or saline. In 
2013 silicone was the most common type 
of implant placed, followed by saline.1

Distinguishing a saline implant from 
a silicone implant on a mammogram 
can be accomplished by two relatively 
typical characteristics. Saline implants 
contain a valve that is used to inflate 
the implant at surgical placement. This 
valve can be identified on a mammo-
gram, as can the normal folds of the 
outer implant envelope.3 Silicone im-
plants do not contain a valve, as they are 
placed in full expanded shape during 
surgery. The second characteristic to 
differentiate these two types of implants 
is their density. Saline implants are the 
same density as water. Silicone im-
plants are composed of higher-density 
material that, despite window and level-
ing, do not readily change in appearance 
without discernment of folds (Figure 3). 
Dual-lumen implants may be seen as an 
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inner lumen composed of the higher-
density silicone surrounded by the outer 
lumen of saline.3

Implant placement
Surgeons may insert implants 

through several different incision sites 
(Figure 4). Where the implant is placed 
and positioned is called the “implant 
pocket.” Implant position is the location 

of the implant in relation to the pectora-
lis major muscle (Figure 5). The choice 
of incision site, implant type and posi-
tion is driven by the size and type of 
implant, patient anatomy and patient-
surgeon preference.4 Implants placed 
anterior to the pectoralis major are de-
scribed as subglandular or retroglandu-
lar—behind most of the fibroglandular 
tissue in the breast but anterior to the 

pectoralis muscle. Implants placed pos-
terior to the pectoralis major muscle are 
described as subpectoral or retropec-
toral.3 Discerning the implant position 
on mammography is often achieved on 
the non-implant displaced MLO view. 
On this view, both pectoralis major and 
the implant are seen, thereby most often 
discerning the location of the implant as 
related to the muscle. Implants placed 
in a retroglandular location demonstrate 
an acute angle to the inferior margin of 
pectoralis major. Implants placed in a 
retropectoral location demonstrate an 
obtuse angle to the inferior margin of 
the pectoralis major (Figure 3). Subpec-
toral implants are generally not entirely 
covered by the pectoralis major muscle, 
with only the superior portion of the 
implant covered by muscle. An addi-
tional implant positioning term is “dual 
plane,” a surgical term that describes 
how much muscle is released from the 
breast parenchyma, from the most in-
ferior release at the inframammary fold 
to the most superior release, which is at 
the superior extent of the areola.

 
Post-placement assessment

Whether silicone or saline, an im-
plant is considered normal when the 
outer elastomer shell is intact.5 The 
mammographic appearance of a normal 
saline or silicone implant is one with a 
round or oval shape, smooth regular 
borders and homogeneous radioopac-
ity. Saline implant rupture is classically 
a clinical diagnosis, as once the outer 
shell of the saline implant is breached, 
the saline leaks out of the lumen within 
hours. This quickly results in a loss of 
breast volume, which patients typically 
notice (Figure 6). Saline rupture can 
be diagnosed on mammography and 
is demonstrated by a deflated implant 
with multiple folds (Figure 7).3 

Implants, regardless of lumen type, 
develop a fibrous capsule around the 
outer elastomer shell.6 This is normal; 
the body produces the capsule as it rec-
ognizes and walls off the implant as a 
foreign body. The surrounding fibrous 
capsule may or may not be discernible 
with mammography.3 However, being 

FIGURE 1. (A) Patient before breast implant augmentation. (B) Same patient after breast 
implant augmentation. Note the increased breast fullness, volume and lift with elevated posi-
tion of the nipple-areolar complex

FIGURE 2. Same patient as Figure 1. (A-D, respectively) Right MLO, left MLO, right CC and 
left CC images showing routine full field views of normal retroglandular saline implants. A 
valve can be visualized, identifying this as a saline implant. (E-H, respectively) Right MLO, left 
MLO, right CC and left CC views of implant displacement.
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aware of the presence of this capsule is 
vital to understanding how silicone im-
plants can rupture.

Implant rupture
There are 2 major types of silicone rup-

ture, intracapsular and extracapsular.7 

Intracapsular rupture occurs when the 
outer elastomer shell of the implant is 
breached, permitting the silicone to ex-
trude from the shell but remain within 
the fibrous capsule. The elastomer shell 
in some way loses its integrity and leaks 
silicone, but since the surrounding fibrous 

capsule remains intact, the silicone re-
mains contained. Since the surrounding 
fibrous capsule may or may not be dis-
cernible on mammography, combined 
with the high--density nature of silicone, 
intracapsular rupture is not a diagnosis 
that can reliably made with mammog-
raphy. It has been reported that implants 
may be “suspicious” for intracapsular 
rupture based on a “distorted” appear-
ance such as dis-homogeneous high/low 
density lumen and bulges, herniations or 
an irregular shape (Figure 8).5 However, 
these findings are not pathognomonic, 
sensitive or specific for intracapsular rup-
ture. MRI is considered the gold standard 
for the diagnosis of intracapsular rupture, 
as it is the most sensitive exam for diag-
nosis of intracapsular rupture.5-7 Radi-
ologists concerned about intracapsular 
rupture should consider a breast MRI im-
plant protocol for further evaluation. 

Extracapsular rupture occurs when the 
fibrous capsule is breached in addition to 
the elastomer shell.7 This results in the 
leakage of macroscopic silicone into the 
breast. Therefore, this type of rupture 
requires some degree of intracapsular 
rupture of the elastomer shell, as well as 
additional breach of the surrounding fi-
brous capsule. Mammographic signs of 
extracapsular rupture include extravasa-
tion of silicone outside of the implant, 
seen as hyperdense free silicone within 
the breast.5 This is often described as 
“peri-implant hyperdensity” (Figure 9). 
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FIGURE 3. Right MLO (A) and left MLO (B) images demonstrating normal retroglandular (also known as subglandular) saline implants. Note 
the acute angle of the implant in relation to the pectoralis, helping to identify implant location as anterior to pectoralis major. Right MLO (C) and 
left MLO (D) in a different patient with retropectoral silicone implants. Note the obtuse angle the pectoralis makes with the implants, helping to 
identify the position of these implants as posterior to pectoralis major. Right MLO (E) and right CC (F) in a different patient with a double-lumen 
retroglandular implant. The inner lumen corresponds to high-density silicone surrounded by the outer water density saline lumen.

FIGURE 4. Various surgical approaches for implant insertion.

FIGURE 5. Sagittal illustrations demonstrating implant positions as related to pectoralis major.
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Free silicone may manifest as “silicone 
granulomas,” which are high-density 
masses due to the granulomatous re-
sponse6 (Figure 10).. Another appear-
ance of free silicone is “gel streaming,” 
in which the high-density free silicone 
manifests as a conic image projecting 
from the edge of the implant (Figure 
11).8 Free silicone may be taken up by 
the lymphatics and result in silicone-

laden lymph nodes, which materialize 
as abnormally high-density lymph nodes 
(Figure 12).9 

After identifying free silicone on a 
mammogram, either within the breast 
or in a silicone-laden lymph node, in 
which there also an existing silicone 
implant, it is not always clear if the free 

silicone is secondary to current implant 
rupture. Free silicone could be pres-
ent and related to a previous implant 
that sustained extracapsular rupture 
but was removed and replaced with a 
new, intact silicone implant. When an 
extracapsular ruptured silicone implant 
is surgically removed (explanted), the 

FIGURE 6. Patient with known saline 
implants presented with acute asymmetric 
volume loss of her left breast with clinical 
diagnosis of left saline implant rupture.

FIGURE 7. Full field right CC view with par-
tially visualized deflated saline implant.

FIGURE 8. (A-D, respectively) Right MLO), left MLO, right CC and left CC images showing 
retroglandular, “distorted” silicone implants, which were placed in 1979. Although distorted 
appearance can suggest intracapsular rupture, it is not pathognonomic. Breast MRI with dedi-
cated implant sequences is the gold standard for detailed silicone implant evaluation.
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surgeon may not be able to remove all 
the free silicone present in the paren-
chymal breast tissue. Therefore, it is 
not always possible to determine from 
a mammogram if free silicone is related 
to the present implant or to prior implant 
rupture and explantation. Reviewing the 
patient’s surgical history can often offer 
explanation. Yet in the setting of read-
ing screening mammograms in which 
the patient is not available for discussion 
and/or the history form may not have 
been thoroughly completed, a clear sur-
gical history is not always known and a 
differential of prior versus current im-
plant rupture may need to be considered 
(Figure 10). 

Another phenomenon is known as a 
silicone “gel bleed.” This occurs in the 
setting of a silicone implant that is intact 
but there is transudation of microscopic 
silicone across the implant shell.3 This 
can occur as small quantities of low mo-
lecular weight silicone diffuse, or “bleed,” 
through the implant shell.10 In these cases, 
free silicone may bleed into the surround-
ing fibrous capsule, breast parenchyma 
and/or axillary lymph nodes.3, 11 

Other potential post-implant 
findings/complications

Apart from implant rupture, intact 
implants can produce other mammo-
graphic manifestations. This includes 
capsule calcifications and peri-implant 
fluid. The normal fibrous capsule sur-
rounding the outer shell of the implant 
can calcify. This can occur with capsules 
surrounding all differing implants from 
saline, to silicone to dual lumen. The 
incidence of capsule calcifications has 
been reported around 16%.12 The degree 
of capsule calcification can vary from a 
focal area to a more diffuse process. The 
morphologic patterns of the calcifica-
tions can also vary from discrete plaques 
to subtle faint indistinct forms (Figure 
13). Awareness of capsular calcifications 
is important, as they can produce mam-
mographic false positives.10, 12

Peri-implant fluid is not a common 
mammographic finding. Peri-implant 
fluid can be related to blood or more se-
rous material. In the acute postoperative 
period, a collection of blood (hematoma) 
or fluid (seroma) around the implant 
produces symptoms that are most often 
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FIGURE 9. Left MLO and left CC images of a distorted retroglandular silicone implant with 
“peri-implant hyperdensity” consistent with extracapsular rupture and resultant free silicone.

FIGURE 10. Right MLO implant displaced 
view demonstrating si l icone granulo-
mas (arrow). This patient had a history of 
remote silicone implant rupture, which was 
explanted and replaced with a new silicone 
implant.

FIGURE 11. Free silicone manifesting as gel 
streaming (arrow) on a left CC implant dis-
placed view.
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diagnosed clinically by the plastic sur-
geon and treated without breast imag-
ing. An implant may develop a seroma 
outside of the acute postoperative period 
as the implant capsule generates a for-
eign body reaction and inflammation, 
which generates a fluid collection.3 A 
late seroma (occurring 6 months or more 
after implant placement) is rare and not 
frequently reported in the literature.13 
Peri-implant seroma can be seen as a 
water-density collection that may distort 
the implant shape (Figure 14). Identify-
ing late peri-implant fluid after the acute 
postoperative time frame, however, has 
gained more attention from radiologists 

due to the possibility of anaplastic large 
cell lymphoma (ALCL), a very rare form 
of non-Hodgkin’s lymphoma with a re-
ported incidence of 3 per 100 million.11, 

14 It is not a breast tissue cancer.11 The 
FDA believes that women with breast 
implants have a very low but increased 
risk of developing ALCL in the capsule 
surrounding the implant.15 Given the 
rarity of this diagnosis, however, there 
is a lack of clear facts regarding ALCL, 
including its cause, presentation or man-
agement.11, 14, 16 However, ALCL should 
be considered in a woman presenting 
with a unilateral peri-implant late (at 
least 6 months after surgery) seroma.14-16 
The FDA recommends any patient with 
suspicion of ALCL undergo specialty 
referral for additional evaluation, which 
may include collection of the seroma 
fluid for cytological evaluation.15

Capsular contraction is the most com-
mon complication of implant breast aug-
mentation. The fibrous capsule around 
the implant contracts and hardens re-
sulting in change of breast shape, breast 
hardening and distortion. Possible as-
sociated imaging findings may include: 

Inability to posterior displace the implant 
on Eklund view, altered implant shape 
such rounded, irregular, tented, and vis-
ible thick capsule.3, 6, 17 Capsular contrac-
tion, however, is classically considered 
a clinical diagnosis. Baker grades (I-IV) 
are a clinical assessment of capsular con-
tracture based on the degree of breast 
hardening and immobility (Figure 15). 

Explantation
Women with breast implants may 

undergo implant removal. There are 
various reasons for implant removal, 
some of which include a desire to re-
duce breast size, capsular contracture, 
rupture, infection, and patient dissat-
isfaction. As many as 20% of women 
who undergo breast augmentation have 
their implant removed within 8 to 10 
years.18 When an implant is explanted, 
the residual fibrous capsule may remain 
or it may be removed (capsulectomy). 
During explantation, it is considered 
oncologically safe to leave the capsule 
tissue behind.19 The decision to leave 
the capsule versus capsulectomy with 
explantation is surgeon preference, with 

FIGURE 13. Right MLO view (A) with dystrophic capsule calcifications in a patient with a rup-
tured retroglandular saline implant. The rupture is evident by the deflated implant with multiple 
folds. (B) Different patient in a left MLO imagne showing an intact retroglandular intact saline 
implant with more diffuse plaque like capsule calcifications.

A B

FIGURE 12. Left MLO view with high-den-
sity-silicone-laden axillary lymph nodes in 
patient with history of silicone implant rup-
ture and explantation.
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consideration for capsulectomy also 
given to the initial implant and whether 
the capsule can be removed in its entirety. 
The mammographic sequelae of explan-
tation are varied; in some degree they 
may depend on whether capsulectomy 
was performed. There may be no residual 
mammographic sequelae.20 A capsule 
that remains may be seen as a mass which 
can vary in size, shape and margins (Fig-
ure 16).21 The capsule may also contain 
calcifications. These findings are typi-
cally located in the mid-breast at posterior 

FIGURE 14.  Left MLO (A) and left CC (B) images of a retropectoral silicone implant distorted 
by a surrounding pericapsular fluid collection (arrow).

A B

FIGURE 15. Right breast capsular contrac-
tion. Notice the asymmetric elevation and 
distorted shape of the right breast, which on 
clinical exam was also asymmetrically hard 
compared to the left breast.

FIGURE 16. Left MLO (A) and left CC (B) views of residual collapsed implant fibrous capsule 
(arrow), which could mimic a mass, in this patient with history of implant explantation without 
capsulectomy.

A B

FIGURE 17. Left MLO view in patient with 
history of a ruptured silicone implant explan-
tation without capsulectomy, demonstrating 
a residual fibrous capsule in the mid-poste-
rior breast (arrow), as well as residual free 
silicone seen anterior to the fibrous capsule
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depth. If explantation was performed in 
the setting of extracapsular rupture, resid-
ual free silicone and/or silicone granulo-
mas may remain (Figures 17 and 18).

Mammography certification/
recommendations

As mammographic facilities must 
be certified by the U.S. Food and Drug 
Administration (FDA) and Mammog-
raphy Quality Standards Act (MQSA), 
familiarity with their recommendations 
is also essential. Facilities that perform 
mammograms are required to ask a 
patient if she has breast implants, but 
they are not required to perform mam-
mograms on these patients. Referrals 
of such patients to other facilities can 
be made, but they are not required. For 
facilities that perform mammography 

on patients with implants, displacement 
view techniques are not specified.22 

For women with breast implants, the 
FDA recommends continued routine 
mammography, including implant- dis-
placed views, as recommended by the 
patient’s healthcare provider based on 
age and risk factors. As previously de-
scribed, intracapsular silicone rupture 
is not a mammographic diagnosis. It 
can also be difficult to make on clini-
cal evaluation, which is why it has been 
called “silent rupture.” For this reason, 
the FDA recommends that women get a 
first breast MRI 3 years after receiving 
their implants and every 2 years thereaf-
ter to detect silent ruptures.23 

Conclusion
Familiarity with breast implants is 

essential, as breast augmentation is a 
popular elective surgical option. An 
awareness and understanding of breast 
imaging positioning as related to the 
Eklund technique can help centers pro-
vide high-quality mammograms for 
women with breast implants. As women 
continue to choose this elective cosmetic 
option, radiologists must continue to 
improve their skills in mammographic 
interpretation. Patients with augmenta-
tion implants should be encouraged to 
participate in breast cancer screening 
programs according to the recommended 
guidelines.
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FIGURE 18. Right MLO view of a normal 
saline implant. The high-density free silicone 
(arrow) is due to the patient’s history of a 
ruptured silicone implant that was explanted.


