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reast cancer is the most common cancer 
diagnosed in the UK and is predicted to rise 
by 2% in incidence between 2014 and 2035 
(Cancer Research UK, 2018). One in eight 
women will be diagnosed during their lifetime 

(Cancer Research UK, 2018). Breast cancer surgery involves 
either breast-conserving surgery (wide local excision) or 
mastectomy, depending upon individual patient factors 
and tumour staging. For women undergoing mastectomy 
there are three options: 
1.	 Simple mastectomy
2.	 Mastectomy with immediate reconstruction (skin 

sparing or nipple sparing)
3.	 Mastectomy with delayed reconstruction. 
Breast reconstruction can be performed with prosthetic 
devices (implant or expander) or autologous tissue (pedicled 
and free tissue flaps) (Rolph et al, 2016). In the UK 
implant-based breast reconstruction following mastectomy 
is the most common type of breast reconstruction, with 
immediate breast reconstruction being offered routinely 
(Jeevan et al, 2014). Implant-based breast reconstruction is 
estimated to account for 70% of the reconstructive caseload 
in the UK (Mylvaganam et al, 2017). 

Traditionally, implant-based breast reconstruction was 
offered as a two-stage procedure involving skin-sparing 
mastectomy with placement of an expander submuscularly 
(subpectoral or total muscle coverage) beneath the 

mastectomy flap. The expander would be inflated to the 
desired volume via a tunnelled subcutaneous port over 
a number of postoperative outpatient visits. A second 
stage procedure would then be performed to remove the 
expander and port and exchange them for a permanent 
fixed volume implant. The submuscular pocket enabled 
soft tissue coverage of the expander, but limited the volume 
of the reconstructed breast as a result of the dimensions 
of the pocket created with the patient’s tissue. The 
introduction of mesh into prosthetic breast reconstruction 
in 2001 enabled the surgeon to augment the size of the 
reconstructive pocket by releasing the pectoral muscle from 
the chest wall and using the mesh for lower pole coverage 
(Breuing and Warren, 2005; Salzberg, 2006). This article 
introduces the main types of mesh and matrix used in 
implant-based breast reconstruction, and discusses the 
benefits and complications associated with their use.

What are the meshes and matrices used in 
breast reconstruction?
The terms mesh and matrix in breast reconstruction refer 
to the composition of the material used in the manufacture 
of the product. A product derived from biological sources, 
e.g. peritoneum or dermis, is termed ‘acellular (dermal) 
matrix or matrices’ whereas synthetic material is referred 
to as ‘mesh or meshes’ (Table 1). 

The use of acellular dermal matrices in prosthetic 
breast reconstruction began with the publication of 
two papers by Breuing and Warren (2005) and Salzberg 
(2006). The authors described the use of a biological 
mesh in implant-based reconstruction to augment the 
inferolateral subpectoral pocket, allowing direct to 
implant reconstruction without the need for expander 
placement. This innovative technique allowed more women 
to be considered for direct to implant immediate breast 
reconstruction.  

Since then, the popularity of mesh and matrix augmented 
immediate prosthetic breast reconstructions has increased 
dramatically. For example, from 2007 to 2014 in the UK, 
21 862 women underwent immediate reconstruction with 
direct to implant reconstruction increasing from 30% to 
54% (Mennie et al, 2017). In parallel with the shift in 
surgical practice, a variety of meshes and matrices has 
become available for use and new products continue to 
emerge in this field (Table 1). The various devices differ 
in physical properties and composition. Some patients 
may prefer to avoid devices made from animal or human 
tissue and therefore their wishes must be considered in 
preoperative planning. 
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ABSTRACT
Breast cancer is the most common cancer diagnosed in the UK (Cancer Research 
UK, 2018). Breast reconstruction following mastectomy can be performed 
with prosthetic devices or autologous tissue. In the UK implant-based breast 
reconstruction following mastectomy is the most common type of breast 
reconstruction, estimated to account for 70% of the reconstructive caseload in 
the UK. Since 2001 there has been a considerable increase in the number of 
prosthetic reconstructions performed with the use of mesh or matrix to augment 
the reconstructive pocket. This article introduces the main types of mesh and 
matrix used in implant-based breast reconstruction, reconstructive techniques 
and reviews the benefits and complications associated with their use.
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In the iBRA (implant breast reconstruction evaluation)
UK survey of breast and plastic surgical practice, 75% of 
immediate implant breast reconstructions were performed 
using acellular dermal matrix vs 24% using synthetic mesh 
(Mylvaganam et al, 2017). The choice of mesh or matrix to 
be used is mainly determined by the individual surgeon’s 
preference and patient choice. It has been demonstrated 
that implant-based breast reconstruction with mesh has a 
significant learning curve and therefore surgeons have a 
tendency to use the product with which they have most 
experience (Colwell et al, 2011). 

There have been two randomized controlled trials 
comparing different meshes in breast reconstruction. 
Mendenhall et al (2015) reported a head-to-head 
comparison of cadaveric dermal matrices DermaMatrix 
and AlloDerm in breast reconstruction. This single centre 
randomized trial of two cadaveric dermal matrices in 
implant-based breast reconstruction (n=199) demonstrated 
no significant difference in complication rates between the 
different products (Mendenhall et al, 2015). Gschwantler-
Kaulich et al (2016) reported results from a prospective 
randomized multi-centre pilot study comparing Protexa, 
a porcine dermal matrix, with TiLOOP Bra, a titanium-
coated synthetic mesh (Gschwantler-Kaulich et al, 2016) 
in immediate implant-based breast reconstruction. Forty-
eight patients participated in the study, which means that 
this pilot is underpowered to demonstrate significant 
differences in benefits and complication rates between 
the two products. Further level 1 evidence is required to 
inform surgeons about complication rates for the various 
products available for use in this area. 

How does the surgeon use the mesh  
in breast reconstruction? 
A number of techniques are in current practice, which are 
variations on the principles set out in the original papers 
by Breuing and Warren (2005) and Salzberg (2006). 

Submuscular technique
The most commonly reported technique in the literature 
is the partial submuscular technique. The skin-sparing 
mastectomy is completed and the breast skin flap is assessed 
for tissue perfusion and viability. In patients at high risk 
of skin flap necrosis, the surgeon may decide to place an 

expander to reduce the pressure on the skin and position 
the device submuscularly for additional tissue coverage 
of the implant (Colwell et al, 2011). Partial submuscular 
breast reconstruction involves releasing the pectoralis major 
from its attachments to the chest wall. The subpectoral 
plane is developed to the second rib superiorly and to the 
level of the nipple medially. Meshes or matrices are then 
sutured medially from the inferomedial border of the 
pectoralis major to the medial border of the inframammary 
fold. The mesh or matrix is then sutured from the inferior 
border of the muscle to the chest wall fascia at the level of 
the inframammary fold to increase the inferior aspect of 
the subpectoral pocket for lower pole projection. Laterally 
the device is sutured to define the breast border and prevent 
migration of the implant. The mesh provides a lower pole 
hammock and inferolateral coverage for the implant 
(Scheflan and Colwell, 2014). 

Prepectoral (subcutaneous) technique
As implant-based breast reconstruction with mesh became 
an established practice, refinements of the technique were 
being developed. From 2011 onwards surgeons have re-
introduced the concept of prepectoral implant placement 
– an established practice in breast augmentation – to the 
breast reconstruction field. The pectoralis muscle is left 
intact on the chest wall, with the implant being covered 
solely by mesh or matrix and the mastectomy skin envelope 
(Cheng et al, 2013; Schmitz et al, 2013; Casella et al, 
2014; Reitsamer and Peintinger, 2015). The implant is 
wrapped completely within the mesh or matrix before 
being placed underneath the skin flap or alternatively the 
mesh or matrix is sutured to the pectoralis fascia to provide 
anterior coverage to the implant only. 

The technique has quickly been adopted as an alternative 
approach to implant-based breast reconstruction (Vidya 
and Iqbal, 2017; Bonomi et al, 2018). Proponents of 
the muscle-sparing technique emphasize that by leaving 
the pectoralis major intact, patients experience reduced 
postoperative pain and shorter operative times. Animation 
deformity of the breast in subpectoral reconstructions is 
a recognized complication of the submuscular approach. 
On contraction of the pectoralis muscle, the breast implant 
is displaced supero-laterally with visible distortion to 
the reconstructed breast (Vidya et al, 2018). Up to 

Table 1. Meshes and matrices in breast reconstruction

Biological matrices Cadaveric human dermis AlloDerm, AlloMax, FlexHD, Dermacell, DermaMatrix 

Porcine dermis Strattice, Cellis, Braxon, Artia, Permacol, Protexa

Porcine peritoneum Sebbin

Bovine fetal dermis SurgiMend PRS

Bovine pericardium Veritas

Synthetic meshes Absorbable polymers Vicryl polyglactin 910, TIGR, GalaFORM 3D

Non-absorbable titanium-coated polymers TiLOOP, TiO2 mesh
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75% of women with subpectoral implant-based breast 
reconstruction report animation deformity and may result 
in patient dissatisfaction necessitating revision surgery 
(Nigro and Blanchet, 2017). Animation deformity has not 
been reported following prepectoral implant-based breast 
reconstruction. 

A number of cohort studies have reported positive early 
results with prepectoral implant-based breast reconstruction 
with comparable complication rates to subpectoral implant 
reconstruction (Bettinger et al, 2017; Nahabedian and 
Cocilovo, 2017; Chatterjee et al, 2018). However, studies 
are limited by heterogeneity of design, retrospective nature, 
small numbers and short-term results which prevents any 
conclusions being drawn regarding any differences between 
the two surgical techniques. Authors report previous breast 
radiation, adjuvant chemotherapy, smoking and high 
body mass index to be relative contraindications to this 
technique as a result of higher observed complication rates 
(Nahabedian and Cocilovo, 2017). 

What are the benefits and complications 
associated with mesh or matrix used in breast 
reconstruction? 
The introduction of meshes and matrices in implant-based 
breast reconstruction has enabled the surgeon to increase 
the reconstructive volume placed in immediate direct-
to-implant reconstructions by extending the subpectoral 
pocket in the submuscular approach. This is particularly 
useful in patients with larger ptotic breasts where there is 
a discrepancy between the size of the subpectoral pocket 
and the overlying skin envelope (Madsen et al, 2015). 
The use of mesh or matrix can also help to shape and 
define the reconstructive pocket following skin-sparing 
mastectomy. During mastectomy the breast footprint may 
become ill-defined, particularly if dissection exceeds the 
inframammary fold or lateral border of the breast into the 
axilla. The mesh can be sutured and shaped in a way that 
the reconstructive surgeon can redefine the breast shape, 
particularly at its inferior, medial and lateral borders, to 

create a pleasing aesthetic result with maintained lower 
pole projection (Ibrahim et al, 2015). The mesh or matrix 
may also prevent implant rotation or migration by fixing 
the implant into position within the reconstructive pocket. 
Studies have reported that the coverage of the implant 
reduces the capsular contracture rate with adjuvant 
radiotherapy and improves cosmesis, although the data 
to support this conclusion are limited (Salzberg et al, 
2011; Potter et al, 2015). Complications associated with 
implant-based breast reconstruction include infection, 
seroma, haematoma, skin flap necrosis (nipple necrosis), 
wound dehiscence, extrusion of the implant and loss of 
the implant. 

A number of systematic reviews has been published 
evaluating the data on complication rates in implant-based 
breast reconstruction with and without mesh or matrix 
(Potter et al, 2015; Hallberg et al, 2018). Unfortunately, 
the certainty of evidence for overall complication rates 
and potential benefits of mesh in implant-based breast 
reconstruction is low, because of a paucity of high quality 
level 1 evidence in this field. Heterogeneity persists between 
study design and outcome measures reported in published 
randomized controlled trials. No studies have reported 
data on cancer recurrence or health-related quality of life 
in implant-based breast reconstruction with and without 
mesh or matrix, which remains an important outcome to 
be addressed. 

Conclusions
The use of meshes and matrices in implant-based breast 
reconstruction is a relatively recent additional technique 
in immediate one- and two-stage breast reconstruction 
following mastectomy. Clinicians should be aware that 
the majority of prosthetic breast reconstructions are now 
performed with matrix or mesh. A variety of biological 
and synthetic products is available for use and surgical 
techniques are rapidly evolving including the shift from 
subpectoral to prepectoral implant placement. Well-
designed randomized controlled trials are required to 
investigate further the benefits, complication rates and 
impact on patient outcomes associated with their use.  BJHM
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