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Background: Use of acellular dermal matrix for implant-based breast reconstruction appears to be associated with a lower incidence of capsular contracture compared with standard reconstruction. The majority of acellular dermal
matrix studies were, however, of short duration; thus, long-term incidence of
capsular contracture with acellular dermal matrix use is unknown.
Methods: Patients undergoing acellular dermal matrix–assisted breast reconstruction from December of 2001 to May of 2014 at two institutions were evaluated. Cumulative incidence of capsular contracture was determined by the
performing surgeon. A retrospective chart review was performed on prospectively gathered data on patient-, breast-, surgery-, and implant-related characteristics that were analyzed as potential risk factors for the development of
capsular contracture.
Results: A total of 1584 breast reconstructions in 863 patients were performed.
Mean follow-up of patients was 4.7 years; 45 percent of patients had greater
than or equal to 5 years of follow-up. The cumulative incidence of capsular
contracture was 0.8 percent. Smaller implant size (<400 ml) and postoperative
radiotherapy were significantly associated with an increased risk of capsular
contracture, but the incidence of capsular contracture was 1.9 percent in irradiated breasts. All capsular contractures developed within the first 2 years,
with no new events with longer follow-up.
Conclusions: In this long-term study, the cumulative incidence of capsular contracture with acellular dermal matrix–assisted reconstruction remains low, even
in irradiated breasts. Capsular contracture appears to be an early event, and
longer follow-up does not appear to increase the incidence, suggesting that acellular dermal matrix may truly mitigate the development of capsular contracture
as opposed to delaying its occurrence. (Plast. Reconstr. Surg. 138: 329, 2016.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, IV.

C

linically significant capsular contracture is
one of the most frequent long-term complications associated with implant-based breast
reconstruction. The reported incidence in core
clinical studies of implant manufacturers ranges
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from 3 to 25 percent in patients followed over a
2- to 10-year period (Fig. 1).1–12 Two observations
can be made from these data: first, capsular contracture appears to be a progressive phenomenon, with incidence increasing with longer
follow-up; and second, improvements in implant
design appear to diminish the incidence. Newer
implants, including form-stable implants, appear
to have a lower incidence (6-year rate, 10 to 11
percent) compared with classic round implants
(6-year rate, 8 to 16 percent).
Disclosure: Dr. Hunsicker and Dr. Ashikari are
consultants to LifeCell Corporation. Ms. Berry and
Dr. Salzberg have no relevant disclosures. No funds
were received or utilized for the research presented in
this article.
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Fig. 1. Cumulative incidence of capsular contracture in primary reconstruction patients reported in core studies of implant manufacturers: (left) Natrelle Round Silicone Implants3,9; (second from left) MemoryGel (Round) Implants2,7; (third from left) MemoryShape
Implants (formerly Contour Profile Gel)4,7; (center) Natrelle Style 410 Form-Stable Silicone Implants1,5,10; (third from right) Silimed
Round and Shaped Implants with High-Strength Silicone Gel6,12; (second from right) Cristalline Paragel Round and Anatomical Textured Silicone Gel-Filled Mammary Implant8; (right) Natrelle 410 Extra-Full Projection Silicone Implants.11

The introduction of acellular matrices in breast
reconstruction over the past decade has coincided
with a reduction in the incidence of capsular contracture. A pooled analysis of 16 studies placed the
incidence at 0.6 percent,13 3- to 40-fold lower than
the incidence reported in the core studies. Pathophysiologic studies have further provided mechanistic explanations for the observed low incidence
of capsular contracture.14,15 Considered together,
these data suggest that acellular matrices may have
the potential to mitigate the risk of capsular contracture. However, several questions remain.
First, is acellular matrix actually diminishing
the risk of capsular contracture or is it simply delaying the risk? That is, will longer follow-up increase
the risk? The duration of follow-up in the acellular matrix studies ranged from 0.5 to 1.5 years, and
data from the Core Clinical Studies indicate that
the incidence increases over time. Second, does the
use of acellular matrix protect against the development of radiation-induced capsular contracture?
Third, are there patient-, surgery-, or implantrelated characteristics that influence the incidence
of capsular contracture in acellular dermal matrix–
assisted reconstructions? This study attempts to
address these questions using data from a large
cohort of patients who underwent acellular dermal
matrix–assisted, direct-to-implant reconstruction
over a period of 13 years at two institutions.

PATIENTS AND METHODS
All patients who underwent acellular dermal
matrix–assisted, direct-to-implant breast reconstruction following mastectomy, from December
of 2001 to May of 2014, in the authors’ practices
were included in this institutional review board–
approved (Porter Adventist Hospital, Denver,
Colo.), retrospective study. Patients who underwent revision reconstruction, who had expandable implants, or who had a flap procedure
in conjunction with implant placement were
excluded. Patients were followed initially every 3
months for the first year after reconstruction and
then annually or as needed. Patients who had left
the practice were contacted to obtain data on capsular contracture events that may have occurred
during the study period. Capsular contracture was
evaluated by the performing reconstructive surgeon (L.M.H. or C.A.S.). All incidences of clinically significant capsular contracture, defined by
a Spear-Baker grade III or IV,16 that occurred during the study period were recorded together with
the date of onset of contracture or the date of corrective surgery and the method of resolution.
A retrospective chart review was performed
to extract data on patient-, breast-, surgery-, and
implant-related characteristics that were analyzed as potential risk factors for the development
of capsular contracture. Data on the following
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characteristics were collected: patient age, body
mass index, and smoking status; reason for surgery
(prophylactic versus oncologic); radiotherapy (preoperative and/or postoperative); mastectomy type
(nipple-sparing mastectomy or non–nipple-sparing
mastectomy); incision site (inframammary fold,
lateral mammary fold, traditional, or periareolar);
implant size; and implant surface characteristic
(smooth or textured). In addition, the influence of
postoperative complications, particularly seroma/
hematoma and overt infection before the development of capsular contracture, were also evaluated
as potential risk factors. Postoperative complications occurring within the first 12 months after
direct-to-implant reconstruction in this cohort of
patients were reported in a previous publication.17
To assess the association between the potential
risk factors and development of capsular contracture, univariate analyses were initially performed
(using SAS version 9.3; SAS Institute, Inc., Cary,
N.C.) with chi-square test for categorical variables
and logistic regression for continuous variables.
For continuous variables, a threshold was also identified and used as the cutoff for conversion of the
continuous variable to a categorical variable. Variables that were statistically significant (p < 0.05)
at the univariate level were reassessed in a multiple logistic regression model. To assess whether
length of follow-up increases the incidence of capsular contracture, a Kaplan-Meier analysis was performed using individual patient-level data.

RESULTS
Patient and Implant Characteristics
A total of 1584 direct-to-implant reconstructions were performed in 863 patients during the
study period. Demographic and clinical characteristics of the patient population are as listed in
Table 1. Briefly, patients had a mean age of 47.0
years and a mean body mass index of 24.4 kg/m2.
Approximately 14 percent were smokers or had a
history of smoking, whereas other comorbidities
such as hypertension, diabetes, and obesity were
each present in less than 10 percent of patients.
A quarter of the patients had chemotherapy and
one-tenth were treated with radiotherapy. Sixtyfive percent of the mastectomies were prophylactic
mastectomies. The majority of the mastectomies
were performed as nipple-sparing mastectomies (66 percent), typically through inframammary (49 percent) or traditional transverse (35
percent) incisions. AlloDerm (LifeCell Corp.,
Branchburg, N.J.) was the predominant acellular

Table 1. Patient Demographics, Adjuvant Therapy,
and Mastectomy and Implant Characteristics
Characteristic
No. of patients
No. of breasts
Age, yr
Mean ± SD
Range
Body mass index, kg/m2
Mean ± SD
Range
Comorbidities, no. of patients
Diabetes
Smoking (current or history)
Hypertension
Obesity*
Chemotherapy, no. of patients
Radiotherapy
No. of patients
No. of breasts
Before mastectomy
After mastectomy
History
Mastectomy
Bilateral, no. of patients
Unilateral, no. of patients
Prophylactic, no. of breasts
Oncologic, no. of breasts
Weight, mean ± SD, g
Mean ± SD
Range
Nipple-sparing, no. of breasts
Yes
No
Incision site, no. of breasts
Periareolar
Inframammary fold
Lateral mammary fold
Traditional
Wise pattern
Implant size, ml
Mean ± SD
Range
Implant surface, no. of breasts
Smooth
Textured
Acellular dermal matrix used, no. of breasts
AlloDerm
Strattice
FlexHD

Value (%)
863
1584
47.0 ± 10.0
21–77
24.4 ± 4.8
16–54
14 (1.6)
118 (13.7)
83 (9.6)
85 (9.8)
227 (26.3)
100 (11.6)
104 (6.6)
44 (42.3)
52 (50.0)
8 (7.7)
721 (83.5)
142 (16.5)
1024 (64.6)
560 (35.4)
419.0 ± 313.4
35–2846
1043 (65.9)
541 (34.2)
6 (0.4)
774 (48.9)
196 (12.4)
552 (34.8)
33 (2.1)
484.8 ± 123.8
100–800
1529 (96.5)
55 (3.5)
1473 (93.0)
109 (6.9)
2 (0.1)

*Body mass index ≥ 30 kg/m2.

dermal matrix used in the reconstructions, in 93
percent of the reconstructions, whereas Strattice
(LifeCell) was used in 6.9 percent and FlexHD
(Ethicon, Inc., Somerville, N.J.) was used in 0.1
percent of the reconstructions. Almost all of the
implants placed were smooth implants; textured
implants constituted 4 percent of the implants.
Implants ranged in size from 100 to 800 ml, with
a mean of 485 ml.
Incidence of Capsular Contracture
Patients were followed for a mean of 4.7 ± 2.7
years (range, 0.6 to 13.2 years) after reconstructive

331
Copyright © 2016 American Society of Plastic Surgeons. Unauthorized reproduction of this article is prohibited.

Plastic and Reconstructive Surgery • August 2016
Table 2. Follow-Up Duration*
Years of Follow-Up
≥1
≥2
≥3
≥4
≥5
≥6
≥7
≥8
≥9
≥10
≥11

No. (%)
806 (93.4)
681 (78.9)
572 (66.3)
480 (55.6)
386 (44.7)
273 (31.6)
178 (20.6)
92 (10.7)
54 (6.3)
23 (2.7)
15 (1.7)

*n = 863 patients.

surgery; 93 percent were followed for at least 1 year,
79 percent for at least 2 years, 66 percent for at least
3 years, 56 percent for at least 4 years, and 45 percent
for at least 5 years (Table 2). Clinically significant
capsular contracture was diagnosed in nine patients
(12 breasts), for a capsular contracture rate of 1.0
percent at the patient level and 0.8 percent at the
breast level. All capsular contracture events occurred
within the first 2 years after reconstructive surgery
(Fig. 2). Four patients (seven breasts) underwent
corrective surgery that involved capsulotomy with
implant removal and replacement. No intervention
has been planned in the remaining patients.
Risk Factors for Development of Capsular
Contracture
Eleven factors were analyzed as potential
risk factors for the development of capsular
contracture, including patient age; body mass
index; smoking; oncologic breast; nipple-sparing

mastectomy; incision site; implant size; implant
surface characteristic; radiotherapy; and postoperative seroma, hematoma, and/or infection
before capsular contracture. All breasts that had
contracture had smooth implants, and none had
preoperative radiotherapy or seroma/hematoma/infection before the development of capsular contracture. In fact, none of the breasts had
any overt complications before the development
of capsular contracture, although there were
48 cases of infection requiring intravenous
antibiotic treatment (3.0 percent), 17 cases of
seroma (1.1 percent), and 15 cases of hematoma
(0.9 percent) in the entire cohort.17
On univariate analysis, implant size was
the only statistically significant factor associated with the development of capsular contracture (Table 3). Patients with smaller implants
(<400 ml) had a 5.6-fold increased odds for developing contracture. When implant size was further stratified into 100-ml increases starting from
300 ml, there appeared to be a possible association, suggesting that as implant size increased, the
incidence of contracture decreased. Body mass
index and postoperative radiotherapy also showed
a possible association with the development of
capsular contracture (p < 0.1). All incidences of
capsular contracture occurred in patients with a
body mass index less than 30 kg/m2, and patients
who had postoperative radiotherapy had a 6.1fold increased odds for developing contracture.
Overall, irradiated patients (preoperative and
postoperative radiotherapy combined) had a 2.9fold increased odds for developing contracture

Fig. 2. Kaplan-Meier plot of cumulative incidence of capsular contracture by patient.
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compared with those who were not irradiated (1.9
percent versus 0.7 percent), but the increase in
odds was not statistically significant (p = 0.1837).
Implant size (<400 versus ≥400 ml), body mass
index (as a continuous variable), and postoperative
radiotherapy (yes versus no) were further evaluated
in a multiple logistic regression analysis. Implant
Table 3. Univariate Analyses of Potential Risk
Factors for the Development of Capsular Contracture
Risk Factor
Patient-related
Age, yr
<30
30–39
40–49
50–59
60–69
≥70
BMI, kg/m2
<25
25−29
30−34
≥35
Smoking
Yes
No
Chemotherapy
Yes
No
Breast-related
Oncologic breast
Yes
No
Radiotherapy
Yes
No
Preoperative
Yes
No
Postoperative
Yes
No
Surgery-related
Nipple-sparing
Yes
No
Incision type
Inframammary
fold
Lateral
mammary
fold
Periareolar
Traditional
Wise pattern
reduction
Implant-related
Implant surface
Smooth
Textured
Implant size, ml
<400
≥400

CC
Events %

OR
(95% CI)

p

0
1.56
0.94
0.54
0.84
0

NE

0.5832

0.55
1.99
0
0

NE

0.0534†

1.39
0.72

1.94 (0.52–7.24)

0.4010

1.45
0.58

2.53 (0.81–7.88)

0.1124

0.89
0.68

1.31 (0.41–4.14)

0.7633

1.92
0.68

2.88 (0.62–13.33)

0.1837

0
0.78

1.000

6.09 (1.30–28.51)

0.0565†

0.69
0.92

0.74 (0.24–2.36)

0.7620

NE

0.9619

NE

1.00

0
0.91
0

0.78
0
2.13
0.40

CC
Events %

Risk Factor
Implant size
strata, ml
<300
300−399
400−499
500−599
600−699
700−800
Postoperative
complicationrelated
Seroma/hematoma
before CC
Yes
No
Overt infection
before CC
Yes
No

3.13
2.10
0.34
0.33
0.43
0.78

OR
(95% CI)

4.10 (0.36–46.05)
2.73 (0.31–23.58)
0.43 (0.04–4.77)
0.42 (0.03–6.80)
0.55 (0.03–8.90)
—

p

0.0211*

0
0.77

NE

1.00

0
0.78

NE

1.00

CC, capsular contracture; NE, not estimable; BMI, body mass index.
*Statistically significant.
†Possible association with the development of capsular contracture
(p < 0.1).

size and postoperative radiotherapy emerged as
strong predictors for the development of capsular contracture, whereas body mass index was no
longer predictive (Table 4). Patients with smaller
implants (<400 ml) had a 10.3-fold increased odds
for developing capsular contracture, whereas those
who were irradiated postoperatively had a 7.1-fold
increased odds for developing contracture.

DISCUSSION
NE

3.85
0.65

0.78
0.51

Table 3. Continued

5.56 (1.72–16.67)

0.0047*

(Continued)

Clinically significant capsular contracture,
defined as grade III/IV on the Spear-Baker classification scheme, is characterized by implant firmness/tightness, deformation, dislocation, and pain.16
Although not a life-threatening complication, capsular contracture causes significant discomfort and
psychological distress, and adversely impacts the
quality of life of afflicted individuals. Corrective surgery is the only treatment for capsular contracture;
however, it is not foolproof, and the recurrence rate
is high.18 There are also no known reliable preventative measures. The prevention and management of
capsular contracture has thus been a challenge in
breast reconstructive surgery since the introduction
of breast implants more than half a century ago.
Numerous short-term studies have reported a
low incidence of capsular contracture when reconstructions are performed with the use of acellular
dermal matrix.13 This observation has been confirmed in a comparative study that found a significantly lower incidence of capsular contracture in
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Table 4. Multivariate Risk Factor Analysis for the Development of Capsular Contracture
Risk Factor
Implant size (<400 vs. ≥400), ml
BMI (1 point increase), kg/m2
Postoperative radiotherapy (yes vs. no)

OR (95% CI)

p

10.30 (2.65–40.09)
1.098 (0.985–1.22)
7.14 (1.42–35.71)

0.0008
0.0910
0.0168

BMI, body mass index.

acellular dermal matrix–assisted reconstructions
versus standard reconstructions.19 Because most
of the acellular dermal matrix studies were small
cohort studies with short follow-up duration, larger,
longer term studies are needed to confirm the
lower incidence in the presence of acellular dermal
matrix. We have previously reported our 8-year data
(mean follow-up, 2.4 years) where we demonstrated
a capsular contracture rate of 0.4 percent in acellular dermal matrix–assisted, direct-to-implant reconstructions.20 Extending on those data, together with
data from another practice (L.M.H. and C.B.), we
report here the combined capsular contracture outcomes in 1584 reconstructions over a 13-year period
and explore potential risk factors for the development of capsular contracture in acellular dermal
matrix–assisted reconstructions.
At a mean follow-up of 4.7 years, our capsular
contracture rate has remained low at 0.8 percent.
Within the same timeframe, the incidence reported
in the core studies ranged from 8 to 17 percent,
10- to 20-fold higher (Fig. 1).1–12 In addition, all capsular contracture events in our cohort developed
within the first 2 years after reconstructive surgery.
In the core studies, approximately 50 to 75 percent
of capsular contractures developed within the first 5
to 6 years (Fig. 1). Three observations can be made
from our present analyses: (1) capsular contracture
appears to be an early event in acellular dermal
matrix–assisted reconstructions; (2) capsular contracture does not appear to progress over time in
acellular dermal matrix–assisted reconstructions, at
least not in the same timeframe as in standard reconstructions; and (3) acellular dermal matrix does not
appear to delay capsular contracture, again in the
same timeframe as in standard reconstructions, and
that it may actually mitigate capsular contracture
from occurring. This last observation corroborates
with pathophysiologic findings that suggest that
acellular dermal matrix may serve as a barrier to the
host’s foreign body immune response.14,15
In addition to the length of follow-up, a number
of other factors such as age, smooth implant surface,
periareolar incision, hematoma or seroma before
the development of capsular contracture, and irradiation have been associated with an increased
incidence of capsular contracture in standard

reconstructions.21,22 We explored the influence of
these factors and body mass index, smoking status,
prophylactic versus oncologic breast, nipple-sparing
mastectomy versus non–nipple-sparing mastectomy,
postoperative infectious complications, and implant
size on the development of capsular contracture
in our cohort of acellular dermal matrix–assisted
reconstructions. Of the variables, implant size and
postoperative radiotherapy were significantly associated with the development of capsular contracture.
In particular, implant sizes smaller than 400 ml were
associated with an increased incidence of contracture. There also appeared to be a possible association suggesting that as implant size increased, the
incidence of contracture decreased. This same relationship between implant size and capsular contracture was reported by Stevens et al. in patients who
underwent augmentation mammaplasty (without
the use of acellular dermal matrix).22 It is, however,
counterintuitive that larger implants should have a
lower risk of contracture, because larger breasts are
generally associated with a higher risk of postoperative complications.23,24 One likely explanation for
this inverse relationship between implant size and
contracture may be related to the dissipation of tension arising from contracture within the implant/
breast. Larger breasts may be better able to dissipate
the tension, given their larger volume compared
with smaller breasts.
It is well known that preoperative or postoperative irradiation substantially increases the incidence
of capsular contracture in standard reconstructions.25–28 Given the lower incidence of contracture
with acellular dermal matrix use, the expectation is
that acellular dermal matrix may protect against the
deleterious effects of radiotherapy. The majority of
acellular dermal matrix studies have predominantly
included nonirradiated cohorts, although some
studies did include irradiated patients who did not
appear to have an increased risk of contracture.29–35
Two studies that specifically evaluated the incidence
of capsular contracture in irradiated patients have,
however, reported higher incidences of contracture
in irradiated versus nonirradiated breasts.36,37 Spear et
al. reported the following capsular contracture rates:
41.2 percent in breasts irradiated before mastectomy
(n = 17), 60.7 percent in breasts irradiated with the
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expander (n = 56), and 1.4 percent in nonirradiated
breasts (n = 355). Moyer et al. reported a capsular contracture rate of 33.3 percent in irradiated breasts (n =
9 patients) and 0 percent in nonirradiated breasts (n
= 18 patients). Our present study included a total of
104 irradiated breasts, the largest irradiated cohort
reported thus far. In this large sample, although there
was an increased incidence of capsular contracture
in irradiated breasts, it was not statistically significant.
In addition, the capsular contracture rate in irradiated breasts was a low 1.9 percent. With respect to the
timing of irradiation, the two cases of contracture in
irradiated breasts occurred after postoperative irradiation. Our overall low incidence of capsular contracture in irradiated breasts calls for further controlled
studies with or without acellular matrix and with or
without irradiation to fully explore the relationship
between acellular matrix use and capsular contracture in the setting of radiotherapy.
As with the prevention and treatment of capsular contracture, the cause of capsular contracture
has remained elusive. However, current evidence
suggests that subclinical infection with bacterial
biofilms in the periprosthetic space could be the
inciting event that drives the uncontrolled inflammatory response that leads to capsular contracture.38,39 Not surprisingly, seroma/hematoma that
could harbor infection has been shown to be an
independent risk factor for the development of
contracture.22 Interestingly, in our cohort, none of
the patients who had seroma/hematoma or overt
infection that required intravenous antibiotic
treatment had capsular contracture. Moreover,
none of the breasts that developed contracture
had any overt postoperative complications; however, we cannot exclude the possibility of subclinical infection or subclinical seromas.
Retrospective analyses, the absence of a non–
acellular dermal matrix control group, and the
subjectivity of the Spear-Baker grading scale used
for the evaluation of capsular contracture are limitations of this study. Furthermore, the low incidence of capsular contracture (0.8 percent at the
breast level and 1.0 percent at the patient level)
makes it difficult to evaluate risk factors for the
development of contracture.

CONCLUSIONS
In this study spanning 13 years, the cumulative incidence of capsular contracture with acellular dermal matrix–assisted, direct-to-implant
reconstruction remains low, even in irradiated
breasts. Capsular contracture appears to be an
early event, occurring within the first 2 years after

reconstruction. Longer follow-up does not appear
to increase the incidence, suggesting that acellular matrix may truly diminish the development of
capsular contracture. Patient-, surgery-, breast, and
implant-related characteristics, with the exception
of implant size and postoperative irradiation, do not
appear to influence the development of capsular
contracture. Larger, controlled studies are needed
to further explore our findings and observations.

CODING PERSPECTIVE

cpt
19340
+15777

•

•

•

Coding perspective provided by
Dr. Raymund Janevicius is intended to
provide coding guidance.
Immediate insertion of breast prosthesis following mastopexy, mastectomy or in reconstruction
Implantation of biologic implant
(e.g., acellular dermal matrix) for
soft tissue reinforcement (i.e., breast,
trunk) (List separately in addition to
code for primary procedure)

The direct-to-implant breast reconstruction
is performed at the time of mastectomy.
This is an immediate reconstruction, so
code 19340 is reported.
The placement of acellular dermal matrix
(a biologic implant) is reported with code
15777. This code is an add-on code, i.e.,
it is always reported with another code,
so the multiple procedure modifier, 51, is
not used.
Bilateral procedures are reported using
modifier 50:

19340

Immediate insertion of breast prosthesis, right
19340-50 Immediate insertion of breast prosthesis, left
15777
Implantation of biologic implant
(e.g., acellular dermal matrix), right
15777-50 Implantation of biologic implant (e.g.,
acellular dermal matrix), left
•

Some payers, including Medicare, require
single-line reporting:

19340-50 Immediate insertion of breast prosthesis,
bilateral
15777-50 Implantation of biologic implant (e.g.,
acellular dermal matrix), bilateral
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