
Implant-based breast reconstruction is the most commonly used reconstruction technique after 
mastectomy. This is because skin-sparing mastectomy has become possible with advancements 
in oncology. In addition, the development of breast implants and the advent of acellular dermal 
matrices have reduced postoperative complications and resulted in superior cosmetic results. The 
most frequently performed surgical breast reconstruction procedure for the past 20 years was the 
insertion of an implant under the pectoralis major muscle by means of the dual plane approach. 
However, some patients suffered from pain and animation deformity caused by muscle manipu-
lation. Recently, a prepectoral approach has been used to solve the above problems in select pa-
tients, and the results are similar to subpectoral results. However, this technique is not always 
chosen due to the number of considerations for successful surgery. In this article, we will discuss 
the emergence of prepectoral breast reconstruction, indications and contraindications, surgical 
procedures, and outcomes. 
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Introduction 

Breast reconstruction is increasing every year alongside increases 
in breast cancer. According to American Society of Plastic Sur-
geons statistical report, the numbers of breast reconstructions in 
the United States in 2000 and 2018 were 78,832 and 101,657, re-
spectively [1]. The most frequently used reconstructive method 
is an implant-based reconstruction. In 2018 in the United States, 
83,216 implant-based reconstructions were performed, while 
18,441 autologous tissue reconstructions were done [1]. Pros-
thetic breast reconstruction is the number one procedure because 
advancements in implants and improvements in mastectomy 
techniques have resulted in better aesthetic outcomes. Recently, 
an issue has arisen regarding which plane implants should be 
placed in. In other words, a reverse shift from submuscular to 
prepectoral placement has occurred. 
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History 

The ideal location for implants was once thought to be under the 
skin where the original breast tissue was, above the pectoralis 
major muscle. Silicone or saline implants were inserted subcuta-
neously until the introduction of the tissue expander. This ap-
proach was simple and able to preserve muscles, but typically, the 
mastectomy flap was too thin, and the subcutaneous tissue was 
deficient, resulting in many complications associated with this 
method. Implants that became exposed through the skin in-
creased the risk of infection of the implants. Ultimately, removal 
of the implants occurred frequently, and capsular contracture, in 
particular, was a common complication [2]. These led to a sub-
muscular approach where the implants were completely covered 
by the pectoralis major and serratus anterior muscles using a 
prepectoral approach. Gruber et al. reported a comparison of 
submuscular and subcutaneous techniques for breast reconstruc-
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tion following mastectomy [3] and concluded that submuscular 
implants are clearly superior to subcutaneous ones and that the 
subserratus techniques provided the lowest incidence of capsular 
contracture. Augmentation case studies have also concluded that 
the subpectoral approach is superior, especially in regard to cap-
sular contracture [4,5]. 

However, the full muscle coverage technique has some prob-
lems. It could not expand the lower pole and natural ptotic breasts. 
In addition, implants were not covered by only the pectoralis ma-
jor muscle, and the recruitment of other muscle flaps, such as the 
serratus muscle or the rectus abdominis sheath, was needed. To 
solve these problems, the partial muscle coverage, or dual plane, 
technique was introduced. This technique enabled expansion of 
the lower pole, but the pectoralis major muscle was not fixed to 
the chest wall, so it often migrated superiorly, resulting in so-called 
window shading [6-8]. 

These problems were addressed by the advent of acellular der-
mal matrices (ADMs). An ADM is a biotechnologically designed 
human tissue of bovine or porcine origin that has served numer-
ous purposes across surgical subsectors. Tissue processing re-
moves cellular antigens that can generate an immunological re-
sponse while maintaining a structural matrix that promotes angio-
genesis and tissue regeneration. In 1995, for the first time, ADM 
was used to treat full-thickness burns [9]. Then, in 2006, Salzberg 
published his experience using ADM in immediate breast recon-
struction, and ADM became an important ingredient in breast re-
construction [10]. 

Afterward, the dual plane approach of ADM and covering the 
implant with the pectoralis major muscle was commonly per-
formed. In this procedure, the ADM was sutured to the inferior 
margin of the pectoralis major muscle, which enabled not only ex-
pansion of the lower pole but also a decreased incidence of win-
dow shading. In addition, the ADM defines the lateral inframam-
mary fold and supports the inferolateral portion, resulting to min-
imize migration of the implant caused by muscle contraction. 

However, there still remain problems of animation deformity 
due to muscle contraction, as well as pain caused by the dissection 
of the muscle. Ultimately, plastic surgeons were reminded of the 
idea of inserting an implant in the site of the original breast tissue 
without operating again on the muscle. Notably, capsular contrac-
ture, which was the main complication of previous subcutaneous 
breast reconstruction procedures, has been reduced with the use of 
ADMs. Kim et al. reported that the levels of myofibroblasts were 
significantly lower in ADM capsules than in submuscular capsules 
[11]. Now, with advances in oncology such as the skin-sparing 
mastectomy with optimal skin flap, improved implants, and 
ADMs, prepectoral breast reconstruction has become feasible. 

Patient selection 

Prepectoral breast reconstruction has obvious advantages. In addi-
tion to the surgical technique being simple and less invasive, the 
operation time is short, and the muscle is left intact, reducing 
bleeding, pain, and recovery time after surgery. The biggest advan-
tage is that it significantly reduces the occurrence of animation de-
formities. Because the contraction of the muscle does not affect the 
implant, there is less implant migration. Despite these advantages, 
the use of this method is limited because the appropriateness of the 
mastectomy skin flap after oncologic resection determines the via-
bility of the operation. In other words, good vascularity and suffi-
cient subcutaneous fat tissue should remain (Table 1) [12]. If the 
skin flap is too thin, it can cause rippling and palpability problems. 
If the vascularity is poor, skin necrosis, infection, and other compli-
cations may occur. Therefore, for successful surgery, it is important 
to select appropriate patients through close cooperation between 
the breast surgeon and the plastic surgeon.  

Prepectoral breast reconstruction is especially recommended for 
athletes, who require extensive use of the pectoralis major muscle, 
or for those whose shoulder function should be preserved. Howev-
er, this lifestyle alone cannot determine the operation. There are 
two major factors in play, one of which is adequate vascularization 
of the mastectomy skin flap, which can be assessed before and 
during surgery, and the other is the oncologic consideration. 

Patient factors that may affect the vascularity of the skin flap be-
fore surgery should be considered (Table 2) [13,14]. Poorly con-
trolled blood glucose, obesity, and recent smokers are contraindi-

Table 1. Indications of prepectoral reconstruction

Good perfusion of the mastectomy skin flaps
Athletes who require extensive pectoralis major use
Grade 1 or 2 ptosis, or volume of mastectomy specimen <500 g
Low BMI (<35 kg/m2)
Non- or ex-smokers

BMI, body mass index.

Table 2. Contraindications of prepectoral reconstruction

Poorly vascularized mastectomy skin flap
Active smokers/recent smokers
BMI >40 kg/m2

Immunocompromised patients
HbA1c >7.5%
Large tumors (>5 cm)
Tumors within 0.5 cm of the pectoralis major muscle
Chest wall involvement
Grossly positive axillary involvement

BMI, body mass index; HbA1c, hemoglobin A1c.
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cations. Large breasts require large implants, resulting in a de-
crease of the perfusion of skin, so they are a contraindication. In 
addition, immunocompromised patients are at increased risk in 
general and are not suitable for this procedure. Another important 
factor is the irradiated status of the breast. Preoperative radiation 
therapy affects wound healing and increases rates of infection, skin 
necrosis, capsular contracture, and more. Instead of prepectoral 
breast reconstruction, it is recommended that these patients un-
dergo autologous tissue reconstruction [15]. Although there are 
few studies related to prepectoral reconstruction and postmastec-
tomy radiation therapy (PMRT), there are arguments that the 
prepectoral approach may be a more appropriate choice for pa-
tients receiving adjuvant radiation therapy than the dual plane ap-
proach. Sigalove et al. studied 33 patients who underwent 52 
breast reconstructions via the prepectoral approach and the short-
term outcomes. They concluded that an immediate implant-based 
prepectoral breast reconstruction followed by PMRT appeared to 
be well tolerated, with no excess risk of adverse outcomes [16]. 
According to Sinnott et al., patients undergoing submuscular 
breast reconstruction who received PMRT had a capsular con-
tracture rate three times greater, with more severe contractures 
(Baker grade III or IV) than did patients receiving PMRT who 
underwent prepectoral breast reconstruction [17]. Sbitany et al. 
studied 26 breasts that underwent immediate prepectoral recon-
struction and 31 breasts that underwent immediate submuscular/
dual plane reconstruction in the setting of PMRT and found no 
significant differences in complication rates between the two re-
constructive groups [18]. 

It is important to evaluate the condition of the skin flap intraop-
eratively, and there is a method for clinically or objectively evaluat-
ing whether the perfusion of a mastectomy skin flap is good or bad, 
which will be discussed in detail in the surgical technique section. 

Another concern with prepectoral breast reconstruction is the 
problem associated with the detection of cancer recurrence. If the 
tumor is located close to the pectoralis muscle, with a subpectoral 
implant placement, a recurring tumor can be detected by palpa-
tion. However, with a prepectoral implant placement, tumor re-
currence may be detected later. Therefore, the location of the tu-
mor should be taken into consideration during prepectoral recon-
struction. 

Surgical technique 

1. Assessment of mastectomy skin flap 
Clinical examination is important for evaluating the vascularity of 
skin flaps (Fig. 1), and bleeding on the incision edge should be 
seen. Any subcutaneous fat should also be preserved because if 
there is only dermis and no fat, blood flow will be inadequate. In 
those cases, it is necessary to consider a dual plane placement or 
staged reconstruction rather than an immediate prepectoral place-
ment. However, skin thinning is not necessarily contraindicated. 
Even with thin skin, if the subdermal plexus is preserved, prepec-
toral breast reconstruction is possible. 

Another method of assessing tissue perfusion is the use of indo-
cyanine green angiography. This can evaluate the blood flow of 
arterial and venous vasculature in real time and helps to confirm 

Fig. 1. The mastectomy skin flap has good vascularity (A), and a moderate amount of fat tissue is preserved (B).
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the clinical examination. It is helpful to predict the viability of the 
skin flap, especially if the skin is expanded when the implant is 
placed, and it allows the surgeon to ensure that any skin flap ex-
pected to become necrotizing is removed.  

2. Choice of implant and acellular dermal matrix 
The implant in a prepectoral reconstruction should be carefully 
selected to prevent rippling. To do so, the selected implant must 
have a base width dimension that is correct for the pocket of the 
ADM or skin flap. The cohesiveness of the implant is determined 
by the thickness of the skin [19]. The thinner the flap, the better it 
is to choose a highly cohesive gel implant. Less cohesive gel im-
plants are more prone to wrinkling but could be selected for better 
projection because there is more collapse at the upper pole and 
descent to the lower pole. However, whether round or smooth 
can be selected dependent on the operator’s preference and the 
patient’s desire. 

With two-stage surgery, it is important to underfill the tissue ex-
pander to make the tight pocket in the second stage. The height of 
the expander is chosen depending on whether the implant is ana-
tomic or round. Typically, short to medium height expanders are 
used in the first stage for planned round implants, and full height 
expanders are used for planned anatomical implants. 

The ADM is typically used in prepectoral breast reconstruction, 
but it is not necessarily used [20]. It has been reported that there 
was no difference in complication rates between groups where an 
ADM was used and groups where it was not, but it is clear that the 
incidence of capsular contracture is significantly lower in the ADM 
group [21–26]. The selected ADM is usually 2–3 mm thick. If a 
perforated ADM is used, fluid can flow in both directions, mini-
mizing sticking between the ADM and the skin flap. In addition, 
the perforations create an adhesive area between the ADM and the 
skin flap, thereby promoting incorporation [27]. 

3. Acellular dermal matrix coverage 
There are various methods for covering an implant with an ADM 
[28], and there is some controversy whether it is better to use 1 
large ADM sheet or to sew 2 or more sheets together. There is 
also controversy as to whether it is better to cover the implant 
only anteriorly or both anteriorly and posteriorly. The latter idea 
of total ADM coverage of the device has been assessed to demon-
strate the lower incidence of capsular contracture [22,29]. Be-
cause ADMs are shaped in flat sheets and there are various sizes, 
there are more ways to cover the three-dimensional shape of im-
plants. For example, Braxon (DECO med s.r.l., Marcon, Venice, 
Italy) is a preshaped, porcine, non-cross-linked ADM that can be 
wrapped around an implant. 

There are two main ways to place an ADM in the prepectoral 
space, according to US Food and Drug Administration (FDA) la-
beling. The FDA requires that an ADM for breast reconstruction 
is used for tissue support. Therefore, with the on-label method, a 
trimmed ADM is inserted into the prepectoral space, and after in-
sertion of the implant, the edges of the ADM are sutured to the 
inframammary fold along the chest wall, leaving a 3–4 cm cuff 
along the pectoralis major muscle. With this method, an inferior 
“gutter” is created to support the lower pole. In contrast, with the 
off-label technique, the ADM supports the implant. The implant 
is wrapped with the ADM on the back table, making a peripheral 
“cuff,” and then the device with the ADM is inserted in the 
prepectoral space. In this method, the implant is either partially 
(Fig. 2) or completely (Fig. 3) wrapped with ADM. Whichever 
option the operator chooses, it is important for a permanent im-
plant to align the ADM to the shape of the implant without laxity. 
For an expander, it is possible to make an ADM pocket with a lit-
tle laxity. After insertion of the device into the mastectomy pock-
et, the ADM is fixated to the underlying pectoralis major muscle 
circumferentially using absorbable sutures. In cases where a tissue 
expander is used, it is fixed to the pectoralis to anchor the expand-
er tabs. 

Outcomes 

There is a lack of long-term outcomes for prepectoral breast re-
construction. However, several authors have reported on the safe-
ty, functional and aesthetic outcomes, and complications. Sigalove 
et al. published preliminary results from over 350 prepectoral 
breast reconstructions using ADMs [30]. Complications such as 
infection, seroma, and flap necrosis occurred at rates of less than 
5%, and there were no capsular contractures. Patients with prior 
radiation therapy had higher rates of complications (5 out of 10). 
In contrast, patients with PMRT had no complications. Zhu et al. 
reported on comparative studies of prepectoral and total muscle 
coverage breast reconstruction [31] where they demonstrated 
similar morbidity rates with regard to infection, superficial skin 
necrosis, and seroma in both groups but decreased rates of capsu-
lar contracture in the prepectoral group. Bernini et al. examined 
the surgical and aesthetic results of 34 subpectoral and 39 subcu-
taneous techniques using titanium-coated polypropylene mesh 
[32]. Although there were no significant differences between the 
groups, the subcutaneous group had an implant failure rate of 
5.1%, while the subpectoral group had a 0% failure rate. The sub-
cutaneous group also had significantly better aesthetic outcomes. 

Schaeffer et al. reported early functional outcomes following 
prepectoral breast reconstruction in comparison with subpectoral 
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Fig. 2. Two sheets of fenestrated acellular dermal matrices are sewn together and draped over the implant (A). On the back, the implant 
is partially covered (B).

A B

Fig. 3. The device is fully covered by 2 sheets of acellular dermal matrices (A). On the back, the implant is fully covered (B).

breast reconstruction [33]. They showed that the prepectoral 
groups had significantly lower inpatient pain scores. In addition, 
the range of shoulder motion in the prepectoral group had fully 
returned in half the number days as in the subpectoral group. 

Rippling and wrinkling are commonly seen in the setting of 

prepectoral reconstruction. There is also a clear step-off between 
the chest wall and the prepectoral implant. Although there are very 
few studies about the effect of autologous fat grafting on patient re-
ported outcomes following prepectoral breast reconstruction, 
many authors have argued that the primary means for correcting 
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these deformities is autologous fat grafting [13,30,34,35]. Advanc-
es in fat grafting techniques have made fat grafting a routine proce-
dure in breast surgery [30]. In fact, in 2018 in the United States, 
nearly 30% of all breast reconstruction cases utilized autologous fat 
grafts [1]. This allows the soft tissue volume between the implant 
and the mastectomy flap to be supported and augmented. 

The cost of ADM is an issue in the setting of prepectoral recon-
struction. Two or 4 times the size of ADM that is used for subpec-
toral breast reconstruction is needed for this procedure, which 
will certainly result in incurring additional costs in a range of 
$5,000 to $20,000 per breast. However, some authors have 
claimed that prepectoral breast reconstruction is economically 
advantageous, but more studies should be performed [25,36]. For 
cost-savings, other authors have noted the use of alternative mate-
rials such as Vicryl mesh [21], porcine mesh [22], or titani-
um-coated polypropylene mesh [32]. All have demonstrated suc-
cess in the prepectoral setting and may have cost-saving benefits. 

Conclusion 

Prepectoral breast reconstruction is a simple muscle-sparing tech-
nique that reduces pain and recovery time after surgery. Above all, 
the occurrence rate of animation deformities can be reduced. In 
addition, aesthetically superior outcomes have been demonstrat-
ed. A successful prepectoral approach is possible with appropriate 
patient selection, availability of ADM, and improved fat grafting 
techniques. However, more long-term outcomes of prepectoral 
breast reconstructions, especially with PMRT, are required, along 
with studies of the mechanisms allowing for decreases in capsular 
contracture with ADMs. 
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