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The double bubble is a widely recognized 
complication of breast augmentation. 
Patients have a characteristic appearance, 

with two parallel, curvilinear creases running 
transversely across the lower pole of the breast. 
The superior fold represents the native infra-
mammary fold; the lower fold represents the level 
to which the periprosthetic pocket was dissected 
at the time of surgery or to which the implant has 
spontaneously descended. Other mechanisms 
may contribute to development of a double bub-
ble. Capsular contracture and upward migration 
of breast implants have been implicated in the 
genesis of the double bubble.1 Subpectoral place-
ment of implants in patients with significant post-
partum atrophy, glandular ptosis, or “relatively 
large volumes of native breast tissue” also increase 
the risk of a double bubble.2

Some individuals are predisposed to a 
double bubble, including those with tuberous 
breasts, a constricted inframammary fold, or a 
short nipple-to–inframammary fold distance.3 

However, a double bubble may occur in patients 
with no predisposing anatomical risk factors. 
The key to understanding the cause and surgical 
correction of the double bubble lies in appreci-
ating the anatomy of the inframammary fold in 
the female breast.

ANATOMY OF THE INFRAMAMMARY 
FOLD

Human anatomy has been meticulously 
studied through cadaver dissection since at 
least the seventeenth century4,5; however, there 
is still debate about the precise structure of the 
inframammary fold. The first detailed anatomi-
cal descriptions of the fold by Sir Astley Cooper 
appeared in 1845.6 Since then, numerous trea-
tises describing the inframammary fold have been 
published7,8; however, disagreements persist about 
the exact anatomical nature of the fold. Some 
believe that a specific fibrous structure, the infra-
mammary crease ligament, is responsible for the 
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inframammary fold; others deny the existence of 
such a ligament.

Bayati and Seckel9 performed blunt dissection 
in 13 female cadavers and one living patient under-
going mastectomy. They found that Cooper’s liga-
ments and the posterior capsule of the breast and 
pectoralis fascia were easily disrupted down to the 
fifth rib (Fig. 1). At this point, a discrete ligamen-
tous structure was encountered. Bayati and Seckel 
believed this ligament originated from the perios-
teum of the fifth rib medially and the interspace 
between the fifth and sixth ribs laterally. Histo-
logic studies revealed a ligamentous structure 
inserting into the deep dermis at the level of the 

inframammary fold. The authors concluded this 
“inframammary crease ligament” (Fig. 2) was “the 
inferior defining point of the subpectoral mus-
culofascial pocket” and recommended when dis-
secting a subpectoral pocket that surgeons should 
exert “sufficient force to avulse the pectoral mus-
cle but be careful not to rupture this ligament.” 
Detachment of the inframammary fold ligament 
was presumed to cause “the double-bubble phe-
nomenon.” Additional authors, including Mail-
lard and Garey10 and van Straalen et al.11 endorsed 
this hypothesis, attributing the origin of the infra-
mammary fold to a discrete inframammary fold 
ligament.

Others, however, disputed the existence of 
any such ligament. Muntan et al.12 performed 
dissections of 10 female and two male cadavers. 
The anterior chest wall was removed en bloc and 
frozen in the orthostatic position; parasagittal 
sections were stained with Gomori trichrome. 
The investigators were unable to identify any lig-
amentous structure in the region of the fold in 
any of the 12 specimens. However, they uniformly 
observed the deep fascia on the anterior surface of 
the pectoralis major and serratus anterior muscle 
and a discrete layer of superficial fascia (Fig. 3), 
which they characterized as the “connective tissue 
between the dermis and the deep fascia.” In all of 
the female specimens, the superficial fascia was 
divided into two layers by intervening breast tis-
sue. The more external division (Camper fascia) 
continued subcutaneously anterior to the gland, 

Fig. 1. in their investigations of the inframammary fold, Bayati 
and Seckel determined that the pectoral muscle was easily dis-
rupted by blunt dissection down to the level of the fifth rib.

Fig. 2. The inframammary crease ligament, as envisioned by 
Bayati and Seckel, originated from the periosteum of the fifth 
rib and inserted into the undersurface of the dermis at the level 
of the inframammary fold.

Fig. 3. in two of 10 female specimens, Muntan et al. observed 
that the deep fascia fused with the superficial fascia and dermis 
at the level of the inframammary fold.
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whereas the deeper division (Scarpa fascia) con-
tinued posteriorly. The superficial and deep fas-
cial layers were connected to the dermis at the 
fold in differing configurations. In two of the 10 
female specimens, the deep fascia fused with the 
superficial fascia and dermis at the level of the 
inframammary fold (Fig. 3). In most remaining 
specimens, bundles of collagen fibers arose inde-
pendently from the superficial and deep layers of 
the superficial fascia and traversed the adipose 

tissue obliquely to insert into the dermis at or 
slightly inferior to the fold (Fig. 4). The authors 
concluded that these horizontal membranous 
sheets (extensions of the superficial fascial sys-
tem) were responsible for formation of the infra-
mammary fold.

Support for the latter point of view also comes 
from Barnett,13 who refers to the connective tis-
sue attachments responsible for formation of 
the inframammary fold as the “extended pecto-
ral fascia.” In patients predisposed to a double 
bubble, he stresses the importance of detaching 
all superficial fascial attachments so the implant 
sits in a subglandular pocket; this ensures effec-
tive lowering and precise positioning of the 
inframammary fold. Similarly, when performing 
augmentation in patients with a hypoplastic infe-
rior pole, Brink14 recommends subglandular dis-
section to “release the eccentric attachments of 
the breast parenchyma from the pectoralis fascia,” 
allowing parenchymal “redistribution inferiorly 
whether the implants are placed prepectorally or 
retropectorally.”

This belief that superficial facial attachments 
are responsible for formation of the inframam-
mary fold is consistent with previously published 
observations of this author.15 We described a 
surgical technique whereby a well-defined infra-
mammary fold could reliably be created in post-
mastectomy implant reconstruction patients by 
attaching a flap of subcutaneous fat and super-
ficial fascia (Scarpa) to the deep fascia (Fig. 5). 
This maneuver mimics the normal dermal fascial 
relationships in the unoperated breast and creates 

Fig. 4. in the large majority of specimens, Muntan et al. noted 
bundles of collagen arising independently from the superficial 
and deep layers of the superficial fascia, obliquely traversing the 
adipose tissue and inserting into the dermis at or slightly inferior 
to the fold.

Fig. 5. Handel and Jensen demonstrated that a well-defined crease could reli-
ably be created by securing a flap of subcutaneous fat and superficial fascia 
(Scarpa) to the deep fascia, mimicking the normal anatomical relationships of 
the inframammary fold in the unoperated female breast.
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a very natural appearing, stable inframammary 
fold. Our technique was adopted by Nava et al.16 
for inframammary fold contouring in postmastec-
tomy reconstruction. Nava et al. concluded that 
“the submammary fold does not originate as a self-
governing unit but depends on breast mould and 
on a fine superficial fascial system suspension.”

The double bubble thus is not caused by dis-
ruption of an inframammary fold ligament but by 
failure to fully detach the superficial fascial system 
from the dermis. When a subpectoral pocket is 
created, even if the muscle has been divided from 
its origins, the implant lies beneath the pectora-
lis fascia; the superficial facial relationships with 
the dermis remain unaltered. If the pocket is dis-
sected too far inferiorly, too wide an implant is 
used, or the patient has a predisposing anatomical 
risk factor (e.g., tuberous breast), the old inframam-
mary fold will persist cephalad to the newly cre-
ated fold, creating a double bubble (Fig. 6).

CORRECTION OF THE DOUBLE-
BUBBLE DEFORMITY

Understanding the normal anatomy of the 
inframammary fold and the pathophysiology 
that leads to a double bubble facilitates develop-
ment of effective strategies to correct the defor-
mity. Patients with the double-bubble deformity 
may be divided into two basic categories: those in 

whom the native fold was abnormally high (e.g., 
constricted inframammary fold, short distance 
from nipple to fold, tuberous breast) and those in 
whom the inframammary fold was at the correct 
location, but the lower border of the subpectoral 
pocket is displaced inferiorly (because of either 
surgical misadventure or spontaneous implant 
descent).

In the former group, the critical maneuver is 
effacement of the undesirable fold by complete 
lysis of the horizontal fascial connections between 
the dermis and the superficial fascia. This may be 
accomplished by scissors or electrocautery dissec-
tion (in the “coagulation mode”) in the immedi-
ate subdermal plane. If the implant is subpectoral, 
conversion to the subglandular space facilitates 
division of such adhesions; in most cases, the 
dissection must be very superficial (above the 
Camper fascia). Radial scoring of the flap down 
to the deep dermis can further aid expansion 
of the inferior pole and eradicate any residual 
crease. The elasticity of breast skin differs from 
that of the upper abdomen. The greater resis-
tance to stretch encountered in upper abdominal 
skin may make creation of a smoothly contoured 
inferior pole difficult in patients anatomically 
predisposed to a double bubble. In such cases, a 
layer of paper tape (or a snugly fitting underwire 
bra) may be applied postoperatively at the level 

Fig. 6. (Left) When a subpectoral pocket is created (even if the muscle has been 
divided from its origins), the implant lies beneath the pectoralis fascia, and the 
superficial facial relationships with the dermis remain unaltered. (Right) if the 
pocket is dissected too far inferiorly, too wide an implant is used, or the patient 
has predisposing anatomical risk factors, the old inframammary fold will persist 
cephalad to the newly created fold, clinically manifesting as a double bubble.
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of the new inframammary fold. A circumferential 
elastic compression band is worn continuously 
around the upper pole of the breasts for the first 6 
weeks postoperatively. The elastic band forces the 
implant downward, which helps stretch the tight 
upper abdominal skin (now comprising the infe-
rior pole of the breast). The prosthesis is used as 
a directional or differential soft-tissue expander.

In patients with scant breast tissue, where 
subglandular placement is undesirable, a type III 
dual-plane pocket is recommended.17 This calls 
for complete division of the origins of the pecto-
ralis muscle across the inframammary fold and 
dissection in the retromammary plane to the supe-
rior border of the areola (Fig. 7). The dissection 
in the retroglandular plane should be performed 
cautiously and incrementally to avoid excessive 
upward retraction of the pectoral muscle. The 
dual plane facilitates unfurling and redistribution 
of the tight skin of the inferior pole to accom-
modate the implant, increasing the arc length 
from nipple to inframammary fold. It is usually 
unnecessary to perform a capsuloplasty to reduce 
the dimensions of the periprosthetic pocket. A 
shaped form-stable implant may help to achieve 
the desired contour by preferentially adding vol-
ume to the inferior pole of the breast.18,19

In the second group of patients, those in whom 
the native inframammary fold was at the correct 
location preoperatively, a different approach is 
indicated. In most of these patients, the implant 

is subpectoral; the force generated by pectoral 
contraction displaces the implant downward. In 
these cases, the implant is converted to a “virgin” 
pocket with preservation of the original fascial 
insertions that define the fold. Generally, this is 
accomplished by converting the implant from 
subpectoral to submammary, although sometimes 
a dual-plane pocket is indicated.

When there is adequate soft-tissue coverage to 
camouflage the implant superiorly and medially 
(pinch thickness >2 cm), subglandular placement 
works well20,21; in patients with insufficient soft-tissue 
coverage, insertion of the implant into a dual-plane 
pocket is preferable. At the same time, the potential 
space caudal to the desired level of the fold must be 
eradicated. This is usually accomplished by suture 
capsulorrhaphy. Converting the implant to sub-
mammary (when feasible) is advantageous because 
it eliminates the force vector exerted by the pecto-
ral muscle, which can weaken or disrupt the capsu-
lorrhaphy and cause recurrence of the deformity.

Another alternative to subglandular place-
ment (in patients with insufficient soft-tissue cov-
erage) is a neosubpectoral pocket22; the anterior 
and posterior capsules are sutured together to 
eradicate the preexisting periprosthetic space.23 
Because the implant is still subpectoral, the down-
ward force vector has not been eliminated. How-
ever, when a neosubpectoral pocket is created, 
there is no need to perform capsulorrhaphy, elim-
inating the potential for dehiscence of the repair.

Whenever correcting the double-bubble 
deformity, consideration should be given to rein-
forcing the repair with acellular dermal matrix, 
which may be particularly beneficial in patients 
with poor quality tissues, where capsulorrhaphy 
may be prone to failure. The role of acellular der-
mal matrices in revision breast surgery is evolving. 
In a recent review article,24 Bengtson and Baxter 
noted the specific clinical situations that often 
“require acellular dermal matrix repair and sup-
port include stretch deformity, hyperanimation 
deformity, wrinkling/rippling, and … ‘double-
bubble’ deformity.” In deciding when to use acel-
lular dermal matrices, a number of considerations 
must be taken into account. The cost of acellular 
dermal matrices is significant and usually not cov-
ered by health insurance.25 In addition to the cost 
of the materials, using acellular dermal matrices 
often prolongs the duration of surgery, increasing 
anesthesia fees and operating room charges. There 
are also noneconomic “costs” associated with acel-
lular dermal matrices, including an increased risk 
of seromas and infections26,27 and higher rates of 
explantation and reoperation.28 However, there 

Fig. 7. in a type iii dual-plane pocket, the origins of the pecto-
ralis muscle are divided across the inframammary fold, and the 
retromammary plane is dissected to the superior border of the 
areola.
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is growing evidence that acellular dermal matri-
ces are of benefit in revision breast surgery,25 
especially in patients with thin, atrophic tissues, 
patients with combined deformities (e.g., waviness 
and implant malposition), and patients in whom 
previous attempts at correction have failed.29 The 
various surgical approaches available to address 
the double-bubble deformity are summarized in 
Figure 8. The principles outlined in the Declara-
tion of Helsinki have been followed.

CASE REPORTS
Several cases of correction of double bubble 

deformity are presented to illustrate varying solu-
tions to this problem.

Case 1: Correction of Double Bubble with 
Capsulorrhaphy and Conversion from 
Subpectoral to Submammary Plane

A 38-year-old woman presented 6 weeks after bilateral sub-
pectoral augmentation with Allergan Natrelle implants (Aller-
gan, Inc., Irvine, Calif.) inserted by means of inframammary 
incisions. The initial result was good, but as swelling subsided, 
the patient noted the onset of deformity. Physical examination 
confirmed bilateral double bubble (Fig. 9, left) accentuated by 
activation of the pectoral muscles (Fig. 9, right). In this instance, 
the double bubble was a result of excessive inferior dissection of 
the subpectoral pocket. The patient had no predisposing ana-
tomical features and the diameter of the implant was not exces-
sive. Corrective surgery consisted of capsulorrhaphy to close 
the overdissected retromuscular pockets and conversion of the 
implants to the submammary plane, to eliminate the downward 
and lateral force vector generated by pectoral muscle activation. 
The patient’s result is depicted 1 year postoperatively (Fig. 10).

Fig. 8. Flow chart of the various surgical approaches available to address the double-bubble deformity. IMF, inframammary fold; 
ADM, acellular dermal matrix.
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Case 2: Correction of Double Bubble by 
Conversion of Implant to Neosubpectoral Pocket

A 36-year-old woman (gravida 3, para 2) underwent crescent 
mastopexy and breast augmentation 4 years earlier; 375-cc, smooth, 
round, moderate-profile silicone gel implants were inserted in the 
subpectoral position. The patient noted a double bubble within 
3 months. Examination confirmed bilateral double bubble, which 
was worse on the left side. When the patient contracted her pec-
toral muscles, there was exacerbation of the deformity (Fig. 11). 
The patient requested slightly larger implants. Treatment con-
sisted of removal of her subpectoral implants and insertion of 450-
cc, smooth, round, high-profile implants into a “neosubpectoral” 
pocket; it was unnecessary to perform capsulorrhaphy because the 
new implants were placed into a “virgin” pocket that respected the 
preexisting inframammary fold. Suturing of the anterior capsule 
to the posterior capsule eradicated the preexisting periprosthetic 
space (Fig. 12). When a capsulorrhaphy is performed, replacement 
of the implant in the subpectoral plane increases the risk of break-
down of the surgical repair (and recurrence of the deformity). 
With neosubpectoral placement, there is no capsulorrhaphy at risk 
of dehiscence. The selection of high-profile implants enabled an 
increase in breast volume with a concomitant decrease in implant 
base diameter. The postoperative result at 1 year with the patient 
actively flexing her pectoral muscles is shown in Figure 13.

Case 3: Correction of Double Bubble Using 
Acellular Dermal Matrix as an Adjunct

A 48-year-old woman presented who had a breast augmen-
tation in her mid 20s with 300-cc, saline-filled implants. She 

Fig. 9. case 1. (Left) preoperative frontal view at rest. (Right) preoperative frontal view with pectoral muscles flexed.

Fig. 10. (Left) postoperative appearance at 1 year. (Right) Surgical scars are now well camouflaged within the crease.

Fig. 11. case 2. preoperative appearance with pectoral muscles 
flexed.
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later requested larger breasts, and in 2007 her prostheses were 
replaced with 575-cc saline implants; the patient felt her cleav-
age was “too wide,” and in 2008 she underwent revision with 
insertion of 600-cc, smooth, round, silicone gel–filled Mentor 
implants (Mentor Corp., Santa Barbara, Calif.). The patient 
was referred for treatment of multiple deformities, including 
bilateral double bubble, symmastia, and rippling of the right 
breast (Fig. 14). Her corrective surgery consisted of removal 
of her subpectoral implants; reattachment of the pectoral mus-
cle to the chest wall; and replacement with 450-cc, moderate 
plus profile, gel-filled implants. The cut edge of the anterior 
capsule was secured to the posterior capsule to reestablish the 
inframammary fold at the desired level and correct her dou-
ble-bubble deformity. The new implants were converted to the 
submammary plane to facilitate repair of symmastia and also 
to eliminate forces generated by pectoral muscle contraction 
that could disrupt the repair. On the right side, where the tis-
sues were severely attenuated, a large piece of acellular dermal 
matrix (Strattice; LifeCell Corp., Branchburg, N.J.) was used to 
reinforce the repair (Fig. 15). The purpose of using acellular 
dermal matrix in this case was multifold. It was used inferiorly 
to reinforce the “capsule-to-capsule” repair that reestablished 
the inframammary fold at a higher level. It was placed medially 
(along the parasternal region) as a “gutter” graft to reinforce 
repair of unilateral symmastia. The acellular dermal matrix also 
served to thicken the inferomedial skin flap to reduce the risk 
of recurrent waviness. The postoperative result is shown at 9 
months (Fig. 16).

CONCLUSIONS
The double-bubble deformity is a distinctive 

complication of breast augmentation that sig-
nificantly detracts from aesthetic results. With 
proper preoperative planning, it usually can be 
avoided. When a double bubble does occur, it 
is correctable in most cases. Some patients have 
anatomical features that predispose to develop-
ment of a double bubble, including a tight or 
constricted inframammary fold, tuberous breast 
deformity, and a short nipple-to–inframammary 
fold distance. The double-bubble deformity also 

Fig. 12. a neosubpectoral pocket has been created and the 
old periprosthetic space is eradicated by placing a permanent 
suture, which incorporates both the anterior and posterior 
capsules.

Fig. 13. postoperative photograph with pectoral muscles flexed 
1 year after repair.

Fig.14. case 3. (Left) preoperative view showing bilateral double bubble and abnormally low inframammary folds. (Right) When 
the patient leans obliquely forward, severe waviness of the inferomedial right breast is evident.
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occurs in patients with no predisposing anatomi-
cal risk factors.

Avoidance and treatment of the double bub-
ble are based on an understanding of the anat-
omy of the inframammary fold. The fold is the 
result of attachments of the undersurface of the 
dermis to connective tissue fibers that originate 
from the superficial fascia or that emanate from 
a confluence of the deep and superficial fascia. 
Avoidance of the double bubble in patients pre-
disposed to this complication is best achieved by 
insertion of the breast implant into a superficial 
submammary (or subcutaneous) pocket; in cases 
where subglandular placement is not appropri-
ate, a type III dual plane pocket may prove advan-
tageous. The use of shaped implants may also 

reduce the risk of double bubble in patients with 
a constricted lower pole.

Treatment of a double bubble in patients in 
whom the fold needs to be relocated inferiorly is 
premised on thorough disruption of all connec-
tive tissue attachments between the dermis and 
the underlying fascia. In this fashion, the fold can 
be lowered to the desired level, with a concomi-
tant increase in arc length from the nipple to the 
inframammary fold.

In cases of double bubble where the fold has 
been lowered excessively, the implant is typically 
in the subpectoral position (if the pocket has been 
overdissected in the subglandular or subcutane-
ous plane, there is bottoming out, but usually little 
or no visible double bubble). In such cases, treat-
ment consists of repositioning the implant into 
a submammary pocket with preservation of the 
preexisting attachments of the fascia to the der-
mis at the level of the old inframammary fold; the 
excessive inferior extension of the periprosthetic 
pocket is corrected either by capsulorrhaphy or 
conversion to a “neopocket.” In selected patients, 
acellular dermal matrix is a useful adjunct. In 
nearly all cases, the double bubble can be treated 
effectively with restoration of an aesthetically 
pleasing breast contour.

Neal Handel, M.D.
225 West Pueblo Street, Suite A

Santa Barbara, Calif. 93105
nh@drhandel.com
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Fig. 15. Strattice acellular dermal matrix graft oriented in the 
position in which it will be implanted; the graft will reinforce the 
suture capsulorrhaphy inferiorly, serve as a “gutter graft” to facil-
itate repair of symmastia, and thicken the atrophic soft-tissue 
envelope to reduce the risk of recurrent skin waviness.

Fig 16. (Left) postoperative appearance at 9 months demonstrating correction of double bubble and downward implant mal-
position. (Right) When the patient leans obliquely, forward waviness of the lower medial right breast is no longer visible.
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