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a b s t r a c t

Approximately 60% of implant-based breast reconstructions (IBBR) are performed with an acellular
dermal matrix (ADM), for which, reliable, good quality long-term outcome data is limited. In a retro-
spective multicentre cohort study, we aimed to determine long-term aesthetic and quality of life out-
comes of IBBR with ADM (Strattice™) compared to a submuscular technique.
Methods: Capsular contracture (Baker III/IV capsule) was determined by clinical examination by an in-
dependent researcher. Quality of life was assessed using BREAST-Q and aesthetic outcome by photo-
graphic assessment from a breast surgeon, breast care nurse and lay person, blinded to reconstruction
type.
Results: We recruited 117 (51 bilateral) patients with ADM reconstructions, median follow-up 62 months
(range 29e113) and 49 patients (16 bilateral) with submuscular reconstructions, median follow-up 76
months (range 38e111). 17 (10.1%) ADM reconstructions were Baker 3/4 compared to six (9.2%) sub-
muscular (p ¼ 0.85). Of the Baker 1/2 reconstructions six (3.6%) ADM and eight (13.6%) submuscular had
previously undergone revision surgery to correct capsular contracture (p ¼ 0.01). Combining both
findings gave an estimated rate of capsular contracture of 13.6% in the ADM group and 21.2% in the
submuscular (p ¼ 0.14). A higher mean score for satisfaction with breasts was demonstrated when
comparing ADM to submuscular (62 and 55, respectively; p ¼ 0.01) but no significant difference in other
BREAST-Q domains. The mean ‘general satisfaction’ score was higher in the ADM group for all three
photograph assessors.
Conclusion: This study provides evidence of improved aesthetic outcome and reduction in capsular
contracture with ADM reconstruction when compared to submuscular, consistent over long-term follow-
up.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Implant based-breast reconstruction (IBBR) has become
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increasingly popular in the UK and US with the numbers of autol-
ogous reconstructions remaining relatively static [1,2]. The increase
in immediate IBBR parallels technical developments in the tech-
nique. In the last 10e15 years, acellular dermal matrices (ADMs) of
human, porcine and bovine origin and synthetic matrices have
been developed with the aim of improving the longevity and
cosmetic outcome of IBBR [3]. Initially designed to be placed under
the lower pole of the breast envelope to support the implant and
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provide breast ptosis, they are now also used for complete implant
coverage in the pre-pectoral plane [4e6]. Human ADMs are widely
used in the US, however only xenograft ADMs or synthetic matrices
are licensed for use in the UK. Strattice™ (AbbVie Inc., Illinois) is a
porcine derived ADM used in Europe since 2008 and is still the
most widely used ADM in the UK [7]. IBBR using ADM to cover the
lower pole is now used in 65% of IBBR in the UK, with submuscular
used in only 9% [7]. Despite the change of practice from sub-
muscular to ADM reconstruction there have been no published
studies comparing the long-term outcomes of submuscular and
Strattice™ reconstruction. In addition, it is well evidenced that
reporting of outcomes in breast reconstruction is inconsistent and
poorly defined [8].

Capsular contracture is a common long-term complication
following IBBR, occurring in 10e15% at 6 years [9]. It is widely
hypothesised that ADMs reduce the rate of capsular contracture
[10e13]. The most up to date meta-analysis comparing ADM and
submuscular reconstructions [14] found only two studies from 23
were suitable to be included in the combined analysis for rate of
capsular contracture, confirming the lack of evidence detailing this
complication [15,16]. Although showing a reduction in capsular
contracture both studies included single centre, surgeon reported,
retrospective case review data and short follow-up. The largest case
series of over 1500 ADM reconstructions demonstrating only 1%
capsular contracture rate at a mean follow-up of 4.7 years, also
suffered similar limitations with surgeon reporting outcomes at
routine follow-up [17].

Despite multiple studies contributing to the short-term out-
comes of ADM reconstructions [7], there are no studies reporting
long-term outcomes, which deteriorate over time with a sub-
muscular technique [18e20]. The IDEAL [21] method to compare
ADM with submuscular reconstructions is a randomised control
trial. However, in the past decade there has been a rapid and almost
complete transition from submuscular to ADM IBBR, based on
limited data supporting the short-term safety of matrices and
minimal, low quality data on the long-term outcomes. This lack of
clinical equipoise would thereforemake a trial unfeasible. However
long-term safety, aesthetic outcome and PROMs of ADM compared
to submuscular is required for surgeons to make evidence-based
decisions and best care.

In a multicentre cohort study of women who have undergone
immediate IBBR, we aimed to determine the longer term aesthetic
and quality of life outcomes of ADM vs. submuscular technique,
focusing on capsular contracture and patient reported outcomes.
2. Methods

This was a multi-centre, retrospective cohort study (approved
by North West Research Ethics Committee (16/NW/0082)),
comparing long-term outcomes in patients who underwent im-
mediate IBBR using ADM (sub pectoral) or a submuscular tech-
nique. Three breast reconstruction centres were selected because i)
they were known to have introduced the ADM technique early (i.e.
had long-term outcomes) and ii) used the same ADM (Strattice™,
AbbVie Inc., Illinois) throughout, minimising learning curve effects
and increasing consistency. Female patients (�18 years), who had
undergone immediate IBBR from January 2009 to December 2014,
with a minimum of two years follow-up were recruited (Fig. 1).
Patients were recruited between November 2016 and November
2018. Patients who had undergone dermal sling, autologous or
delayed reconstruction were excluded. Patients were assessed for
outcome measures at a single timepoint, usually at the time of
consenting for the study.
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2.1. Outcome measures

The presence of capsular contracture, defined as a Baker III or IV
capsule [22], was determined a) by the patient, (following an
explanation of how to categorise capsular contracture
(Supplementary Table 1)), b) clinically, by the lead researcher (a
senior breast surgical trainee) and c) tonometry. This was per-
formed in each quadrant of the breast using the Flinders Tissue
Tonometer model BME1428 (Flinders Medical Centre, Australia)
and an average value per breast was calculated.

Quality of life was assessed using the BREAST-Q: Post-operative
reconstruction module. Those who did not wish to participate in
the full study were able to return the BREAST-Q only.

Aesthetic assessment was undertaken by a panel of three as-
sessors (breast surgeon, breast care nurse and a lay person) using
three alternate view photographs (front, left and right lateral).
Photographs were taken in NHS medical illustration departments
following the Institute of Medical Illustrators National Guidelines
[23]. Anonymised photographs, viewed in random order, were
assessed independently by each assessor, who all had no prior
knowledge of the study. All were blinded to the technique of
reconstruction. Internal controls (repeated images) were placed
within the presentation to assess intra-operator reliability. The
photographs were scored using the 10 point Visser, validated
scoring scale (Supplementary Table 2) [24]. A retrospective case
note review was performed of all recruited participants to identify
pre- and post-operative risk factors for capsular contracture and
details of further surgery.

2.2. Sample size and power calculation

Using the average estimated rate of capsular contracture (Baker
grade III/IV) at six to ten years in submuscular reconstructions of
15%e25% [25,26] and 6% in ADM reconstructions [10,27], the
sample size required to have 80% power to detect a difference at the
2-sided 5% significance is 125 reconstructions in the ADM group
and 63 in the submuscular group, based on a chi-squared test.

2.3. Statistical methodology

Chi-square or Fisher's exact test was used to compare nominal
variables. Independent samples t-test and Mann-Whitney U test
was used to assess the difference in means of the continuous
variables.

Intraclass correlation coefficient was used to analyse reliability,
using values of <0.5 poor, 0.5e0.74 moderate, 0.75e0.9 good, >0.9
excellent. Pearson's correlation coefficient was used to assess as-
sociation between variables. Statistical tests were performed using
SPSS 22.0 for windows (SPSS Inc, Chicago, Illinois, USA).

3. Results

3.1. Patient demographics

The study recruited 117 (52 bilateral) patients who underwent
169 ADM reconstructions, and 49 (16 bilateral) patients who un-
derwent 65 submuscular reconstructions (Fig. 1). A further 70
returned the BREAST-Q questionnaire only. In the ADM group, 72
were risk-reducing mastectomies (RRM) with 26 RRM in the sub-
muscular group. The median age of patients in the ADM group and
submuscular group appeared similar (54 years (range 29e75
years), and 56 years (range 41e79 years) respectively). However,
there were 15 (13%) women aged <40 in the ADM group but no
women <40 in the submuscular group. There was a trend for more
smokers in the submuscular group (6.8% vs 16.3%, p¼ 0.06, Table 1).



Fig. 1. Recruitment to the BROWSE Study.
* The 102 excluded include 17 patients who died, 3 who required an interpreter, 25 who lost their implant and had no further surgery, 26 who lost their implant and had autologous
reconstruction, 31 deemed unsuitable to approach by clinical team.
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The median follow-up was 62 months (range 29 monthse113
months) in the ADM group and 76 months (range 38 monthse111
months) in the submuscular group.

3.2. Assessment of capsular contracture

Of the 169 ADM reconstructions assessed by the research
clinician, 17 (10.1%) were graded Baker 3/4 compared to 6 (9.2%) of
the 65 submuscular reconstructions (p¼ 0.85, Fischers test) (Fig. 2).
In the ADM group 6 (3.6%) of those graded with a Baker 1 or 2
capsule at the time of the study had previously undergone surgery
to correct capsular contracture compared to 8 (13.6%) in the sub-
muscular group (p ¼ 0.01, Chi2 test). This gives an estimated total
rate of capsular contracture (Baker 3/4 or previous surgery for
capsular contracture) in the ADM group of 13.6% and 21.2% in the
submuscular (p ¼ 0.14, Chi2 test) (Fig. 2). This is an absolute risk
reduction of 8% in favour of ADM.

In the ADM group 67 (57.3%) patients experienced a complica-
tion compared to 30 (61.2%) in the submuscular group (p ¼ 0.73)
(Table 2). In the ADM group, of the 23 (13.6%) reconstructions
which had capsular contracture, 11 (48%) experienced a complica-
tion prior to developing capsular contracture; 8 were treated for
suspected infection, 3 had wound dehiscence, 1 had evacuation of
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haematoma, 3 had a seroma (one required aspiration) and two had
implant loss with revision of reconstruction. The rate of capsular
contracture if there had been a complicationwas 14.1% compared to
13.2% if there had not been a complication (p ¼ 1). In the sub-
muscular group 14 (21.2%) reconstructions had capsular contrac-
ture, 11 (79%) experienced a complication prior to developing this.
Three had a wound dehiscence and ten had a seroma (seven
required aspiration). The rate of capsular contracture if there had
been a complication was 33.3% compared to 9.1% if there had not
been a complication (p ¼ 0.03).

Previous or adjuvant radiotherapywas administered in 14 (8.4%)
of the ADM reconstructions, seven (50%) of these developed
capsular contracture. In the submuscular group six (9.2%) had
received radiotherapy, one (16.7%) developed capsular contracture.

Patient determined Baker grade was compared to clinician
assessment. In the ADM group, 48 (28.4%) were upgraded, 92
(54.4%) graded the same and 29 (17.2%) were downgraded by the
patient. In the submuscular group 22 (33.8%) were upgraded by the
patient, 32 (49.2%) graded the same and 11 (17%) downgraded
(Fig. 3). In both the ADM and submuscular group the agreement
between clinician and patient of Baker Grade was considered ‘fair’
using both a Kappa statistic (0.234 and 0.219 respectively) and
weighted Kappa (0.352 and 0.334).



Table 1
Patient demographics.

ADM n (%) (n ¼ 117) Submuscular n (%) (n ¼ 49) p value

Median Age (range)/years 54 (29e70) 56 (41e79) 0.06a

<40 15 (12.8) 0
40-60 59 (50.4) 31 (63.3)
>61 43 (36.8) 18 (36.7)

BMI (range)/kg/m2 24.5 (17.7e41.4) 23.9 (17.6e34.1) 0.66a

�17.9 2 (1.7) 2 (4.1)
18.0e24.9 63 (53.8) 29 (59.2)
25.0e29.9 43 (36.8) 13 (26.5)
�30 9 (7.7) 5 (10.2)

Smoking Status
Smoker 8 (6.8) 8 (16.3) 0.06b

Non-smoker 98 (83.8) 40 (81.6) 0.74b

Ex-smoker 11 (9.4) 1 (2.0) 0.11b

Diabetes 3 (2.6) 1 (2.0) 1b

Previous chest wall radiotherapy* 6 (5.1) 3 (6.1) 0.72b

Adjuvant chest wall radiotherapy** 8 (6.8) 3 (6.1) 1b

Bilateral surgery 52 (44) 16 (33) 0.16b

Nipple sparing mastectomy 18 (15) 6 (12) 0.8b

*radiotherapy performed on ipsilateral breast prior to the mastectomy and reconstruction either due to primary breast cancer treated with breast conserving therapy and
adjuvant radiotherapy or mantle radiotherapy **post-mastectomy radiotherapy.

a t test.
b Chi2 test.

Fig. 2. Percentage of reconstructions with each Baker grade on examination or had
previously undergone revision surgery for capsular contracture comparing ADM and
submuscular reconstructions. Baker grade 3 or 4 was taken to be significant capsular
contracture. Total rate of capsular contracture is the rate of Baker 3 or 4 contracture
plus the rate of previous revision surgery for capsular contracture in the Baker 1 and 2
reconstructions.
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Tonometry had a weak negative correlation with both clinician
assessed (r ¼ �0.28, p < 0.001) and patient assessed Baker grade
(r(231) ¼ -0.31, p < 0.001). Baker 1/2 capsules had a higher (softer)
mean reading of 5.4 compared to 4.8 in Baker 3/4 capsules however
therewas no significant difference between the readings of the two
groups. There was no evidence of a difference in mean tonometry
reading between reconstruction type (p ¼ 0.36).
3.3. Assessment of cosmesis

Photographs of 153 ADM and 59 submuscular reconstructions
were independently evaluated by the three assessors. There was a
significantly higher mean ‘general satisfaction’ score in the ADM
group when compared to the submuscular group (Fig. 4a) reported
by all three assessors separately. The mean combined score of all
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three assessors was significantly higher in all domains except
nipple/NAC in the ADM group when compared to the submuscular
group (Fig. 4b). Moreover, the mean combined ‘general satisfaction’
score was 6.68 in those that developed a complication in the ADM
group compared to 5.57 in the submuscular group (p ¼ 0.004).

Our data revealed good concordance in the reliability of the
assessments made by the breast surgeon, breast care nurse and lay
person for scoring of breast symmetry and general satisfaction (ICC
0.87 and 0.79 respectively). For scoring of breast volume, breast
shape, breast scars and nipple/NAC there was moderate reliability
(ICC 0.66, 0.71, 0.74 and 0.68). The greatest reliability across all six
categories was between the breast surgeon and the breast care
nurse followed by breast care nurse and lay person then by the
breast surgeon and lay person.

The breast surgeon gave the highest mean scores, followed by
the breast care nurse then the lay person.

3.4. BREAST-Q

There were 147 completed BREAST-Qs received from patients
who underwent a ADM reconstruction and 76 from patients who
underwent a submuscular reconstruction. There was a significantly
higher mean score for ‘satisfactionwith breasts’ (62 vs 55, p¼ 0.01)
when comparing the ADM and submuscular group but no signifi-
cant difference in any other domain (Fig. 5). There was no signifi-
cant difference between the BREAST-Q scores of those that had a
complication and those that did not in either the ADM or sub-
muscular group.

We observed a decline in satisfaction with breasts and a strong
trend of decline in satisfaction with outcome over time (p ¼ 0.06,
Pearson's correlation) in the submuscular group (Fig. 6), this was
not present in the ADM group. There was no correlation with time
in either group in the domains of psychosocial, sexual or physical
wellbeing.

4. Discussion

Through a combination of retrospective data collection and
clinical assessments this multi-centre study has established a 13.6%
incidence of capsular contracture in IBBR with the use of Strattice™
with the longest median follow-up in published literature. This is



Table 2
Post-operative complications comparing ADM and submuscular reconstructions.

ADM (%) (n ¼ 169) Submuscular n (%) (n ¼ 66) p value
Chi2 test

Infection
Clavien-Dindo 2 32 (18.9) 4 (6.2) 0.0148
Clavien-Dindo 3* 8 (4.7) 0 (0) 0.1097

Wound dehiscence
Clavien-Dindo 1 6 (3.6) 8 (12.3) 0.0264
Clavien-Dindo 3* 14 (8.3) 1 (1.5) 0.0736

Seroma
Clavien-Dindo 1 27 (16) 11 (16.9) 1
Clavien-Dindo 3z 17 (10.1) 15 (23.1) 0.0184

Haematoma
Clavien-Dindo 3* 3 (1.8) 1 (1.5) 1

Implant loss
Clavien-Dindo 3* 8 (4.7) 0 (0) 0.1097

1 Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic and radiological interventions. Allowed
therapeutic regimens include antiemetics, antipyretics, analgesics, diuretics and electrolytes, and physiotherapy. This grade also includes wound infections opened at the
bedside. 2 Requiring pharmacological treatment with drugs other than such allowed for grade I complications. 3 Requiring surgical, endoscopic or radiological intervention
za Intervention to manage the complication not under general anesthesia *b Intervention to manage the complication performed under general anesthesia.

Fig. 3. Percentage of reconstructions with each Baker grade on examination by clini-
cian and on assessment by patient comparing ADM and submuscular reconstructions.
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higher than rates reported in the literature (<10%), however, these
studies have much shorter follow-up (0.6e2.4 years), are not
independently assessed and the majority of studies include re-
constructions using human ADM which is not licenced for use in
the UK [28]. There is likely to be more reliability in our data as it
involves prospective, independent, blind assessment of capsular
contracture and is not solely reliant on retrospective case note re-
view of previous documentation of capsular contracture, a method
with a tendency to underreport. The largest published case series
[29] with a mean follow-up time of 4.7 years also reports a lower
rate of capsular contracture however, this was single centre, pre-
dominantly human ADM and the operating surgeon reported the
outcomes. The rate of 21.2% in the submuscular group compares to
rates reported in the core studies [30e32]. Although not reaching
statistical significance, an absolute reduction in capsular contrac-
ture of 8% with Strattice™ reconstruction is of clinical significance
and potentially important to patients.

Using Baker grade to assess for capsular contracture is widely
accepted but subjective, and was designed for breast augmentation
not IBBR where the implant lies under less soft tissue. Tonometry
was used to add an objective measurement to the assessment of
capsular contracture. Tonometry has been found to have good
correlation with Baker grade [33], however, in our study there was
weak correlation. Multiple variables are likely to impact the firm-
ness of the breast that may not be a result of changes to the capsule,
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such as subcutaneous flap thickness and muscle thickness.
Tonometry may be a more sensitive tool for the assessment of
capsular contracture when used for serial measurements.

We recruited 40% of patients who had undergone either ADM or
submuscular reconstruction, an adequate sample size from our
initial power calculation, however, there is still the possibility of
over- or underreporting of capsular contracture. The participating
patients could be either the highly satisfied or dissatisfied leading
to selection bias. Implant loss in the submuscular group was 0% in
this cohort, this is notwholly reflective of the overall implant loss of
all submuscular implant reconstruction performed in this period,
which is 5% at two years vs 8% in the ADM group (p ¼ ns). Only 15%
of women who lost their implant in the submuscular group during
the study period pursued further IBBR compared to 51% in the ADM
group hence less likely to capture those patients in this part of the
study.

There is no widely accepted, validated aesthetic scale available
[34]. We used the ‘Ten-point’ scale by Visser et al. [24], the highest
scoring of the 12 identified professional aesthetic assessment scales
in the literature used for evaluating post-mastectomy breast
reconstruction [35]. The BROWSE study has compared aesthetic
outcomes between ADM and submuscular reconstructions with the
longest follow-up to date. The general satisfaction score (1-10) is
significantly higher in the ADM group from all three assessors,
supporting improved aesthetic outcome as one of the major ben-
efits of ADM reconstruction. Specifically reports of improved lower
pole projection and inframammary fold definition [15,16,36e38]
are supported by a significantly higher score in the breast volume
and breast shape domains of the aesthetic scoring. Other retro-
spective studies with a maximummean follow-up time of 1.7 years
also detected a significant overall improvement in aesthetic
outcome with ADM use and specifically in the domains of breast
mound volume, placement and inframammary fold and contour
and implant placement [39,40]. The only RCT performed comparing
Strattice™ and submuscular reconstructions reported no difference
in aesthetic outcome, however this was at one year post-
operatively [41]. The aesthetic assessment in this study was taken
at a single time point for each participant but there were a wide
range of follow-up times (three years to nine years and five
months). Therewere similar numbers of bilateral cases (44% vs 33%,
p ¼ 0.2) and nipple sparing mastectomies (15% vs 12%, p ¼ 0.8) in
both groups, factors whichmay affect aesthetic outcome. Computer
programs have recently been developed to evaluate aesthetic out-
comes using three-dimensional surface imaging. This can provide a



Fig. 4. Mean cosmetic scores comparing ADM and submuscular reconstructions A) from breast surgeon (BS), breast care nurse (BCN) and lay person (lay). B) Combined mean
cosmetic score of all three assessors comparing ADM and submuscular reconstructions. *P < 0.05, **P < 0.01, ***P < 0.01 t-test.
more objective assessment and may be useful for future studies
[42e44].

Improved aesthetic outcomes perceived by surgeons do not
necessarily correlate with improved patient satisfaction [45] which
is the ultimate aim. However, in this study we did demonstrate
significant positive correlation between patient satisfaction with
breasts and surgeon reported aesthetic general satisfaction. Using
the BREAST-Q our data revealed a significant decline in satisfaction
with breasts over time in the submuscular group and a strong trend
of decline in satisfaction with outcome over time. There were no
other significant differences found in other domains of the BREAST-
Q when comparing the two reconstruction types, which agrees
with the results of the BRIOS trial and another randomised study,
comparing the two techniques [45]. Our study is limited by having
BREAST-Q assessment at a single but variable time point in subjects.
Our results would need validation in further studies with long-term
follow-up.

Modern oncoplastic breast surgery has undergone many
changes in recent years with the advent of the use of ADMs and a
move to prepectoral reconstruction. One of our core duties as
Fig. 5. Median Breast Q scores comparing ADM and submuscular reconstructions.
*P < 0.05, **P < 0.01 t-test.
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Fig. 6. Changes in median BREAST-Q scores over time. A) satisfaction with breasts B) satisfaction with outcome C) psychosocial well-being comparing ADM (red) and submuscular
reconstructions (blue). Pearson correlation coefficients were calculated for each data set and linear regressions are shown.
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surgeons is to ensure the safety of these devices for our patients
and that we know the short and long-term outcomes to enable true
consent. This data provides long-term confirmation of the out-
comes associated with Strattice™ reconstructions and provides the
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first long-term data for a non-human product. This study helps to
define a reasonable outcome set for ADM reconstruction and we
hope that future studies with other ADMs can provide comparable
long-term data so that surgeons and patients can make informed
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choices on efficacy.
In summary, this study provides the most robust evidence that

there is an improved aesthetic outcome from Strattice™ recon-
struction compared to a submuscular technique and that this is
consistent over long-term follow-up. There is also a reduction in
capsular contracture over long-term follow-up with an absolute
benefit of 8%. Prepectoral reconstruction may also have a further
impact on capsular contracture and aesthetic outcomes but re-
quires robust prospective assessment with defined outcome
measures.
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