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ABSTRACT
Radiation is considered to be a risk factor for developing capsular contracture in augmented women, but
the studies reporting on this subject show conflicting results. In this systematic review we sought to
understand the risk of capsular contracture in augmented patients with breast cancer treated with breast
conserving surgery and radiotherapy. A search was conducted through PubMed for studies reporting on
breast cancer, breast augmentation and radiotherapy, with capsular contracture as our primary outcome.
To determine if specific risk factors were significant predictors of the development of capsular
contracture, we performed uni- and multivariate analysis. Our search revealed 136 articles, of which 12
were deemed eligible. A total of 237 patients were included in the analysis.
Univariate analysis revealed that whole breast irradiation (WBI) was significantly associated with a higher
risk of contracture (p< .001), compared to treatment with accelerated partial breast irradiation (APBI). A
higher radiotherapy dose regimen was also significantly associated with a risk of capsular contracture
(p< .001). When performing the multivariate analysis only the effect of increasing radiation dose
remained significant (p< .05). Neither the implant location nor the age of the implant had any significant
effect on the development of contracture. In conclusion this review shows that WBI is associated with a
higher risk of contracture compared to treatment with APBI. Because of the limitations of the studies
included, further studies with larger patient cohorts are needed to establish this correlation and evaluate
other potential risk factors.
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Introduction

Breast cancer is the most common type of cancer among women
in Europe with more than half a million European women being
diagnosed in 2018. It is estimated that one in eight women will
develop breast cancer within the age of 85 years [1].

Standard treatment for breast cancer comprises surgery, radio-
therapy and/or systemic therapy. Treatment is planned according
to several factors including stage, tumor subtype and health sta-
tus. Depending on the stage and progression of the disease,
patients are either offered mastectomy or breast conserving treat-
ment (BCT). BCT involves lumpectomy followed by radiotherapy,
which can be delivered as whole breast irradiation (WBI) or as
accelerated partial breast irradiation (APBI). Both types of radiation
reduce the risk of recurrence, but also cause side effects, such as
fibrosis, pain or dyspigmentation [2]. Among women with breast
implants, radiotherapy has been pointed out as a risk factor for
developing capsular contracture–a complication where a tight
fibrous tissue capsule develops around the implant. Development
of this capsule can cause pain and a poor cosmetic outcome with
distortion of the breast [3]. Contracture is most often graded
using the four-grade Baker scale–when classified as grade 1–2,
the breast appears normal, but in grade 2 the breast feels harder
to palpate. Grade 3 describes moderate contracture with some

distortion, while grade 4 is severe contracture with painful hard-
ening of the breast and obvious distortion [4].

From 2016 to 2017 the total number of breast procedures
being performed world-wide increased by 4%, with breast aug-
mentation being the most frequently performed procedure,
according to The International Society of Aesthetic Plastic Surgery
(ISAPS) [5]. As women with prior augmentation age, a greater
number of patients being diagnosed with breast cancer will
undoubtedly include previously augmented patients. With this
tendency, it is important for surgeons and radiation oncologists
to be aware of the side effects of the oncologic treatment and
possible complications in augmented women, in order to opti-
mize treatment and patient information.

The literature has shown conflicting results regarding out-
comes after BCT and radiotherapy in women with prior augmen-
tation mammoplasty, as some studies state a high rate of
capsular contracture and poor cosmetic results [6–9], while others
have reported a much lower rate of complications as well as
excellent or good cosmetic results [10–19]. The purpose of this
study was to review the literature and thereby achieve a more
complete understanding of the risk of capsular contracture in
patients with prior breast augmentation receiving BCT and radio-
therapy. Furthermore, we wished to identify any factors that
increase the risk of developing capsular contracture.
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Methods

Literature search

The search was conducted on 13 February 2019 using PubMed.
The database search was carried out using the following terms:
“breast cancer” and (“breast implant” or “breast augmentation” or
“cosmetic implants” or “augmentation”) and (“radiation” or
“irradiation” or “radiotherapy”). We added: not “ALCL” not
“lymphoma,” because some articles were about breast implant
associated anaplastic large cell lymphoma (ALCL), instead of the
subject of interest. We conducted a second search trying to
enlarge the number of eligible articles adding the following key-
words: [(“breast cancer” OR “breast cancer in situ” OR “DCIS”) AND
(“breast implant” OR “breast augmentation” OR “implant” OR
“implantation “OR “cosmetic breast implantation” OR “cosmetic
breast implants” OR “augmentation” OR “mammoplasty”) AND
(“radiation” OR “irradiation” OR “radiotherapy” OR “breast conserv-
ing therapy” OR “BCT”)]. This did not yield further studies.

We included studies reporting on cosmetic outcome and/or
rate of complications in previously augmented patients under-
going BCT and radiotherapy with no restriction on year of publi-
cation. We excluded reviews, animal studies, studies written in
other languages than English, studies with less than five patients
as well as studies that did not report outcome data for the
patients in question. Two authors (MS and AKL) screened all titles
for eligibility, and subsequently screened abstracts and full text
articles. Any disagreements on which articles should be included
were settled by discussion with the senior author (LH). References
of the included studies and other relevant articles were also
examined, and eligible studies included.

Data extraction

The following data were extracted from the studies: year of publi-
cation, number of patients, mean age at diagnosis, time from aug-
mentation to BCT, radiation type, total radiation dose (Gray), dose
per fraction, implant location, cosmetic outcome/Baker grade after
RT, contracture rate, number of explantations due to complica-
tions and mean follow up (Table 1). Furthermore, we calculated
equivalent dose in 2Gy fractions (EQD2) from the data available
in the studies. We also extracted specifics about the type of com-
plications reported in each study (Table 2).

To compare biological effects of various radiotherapy regimens
we used the linear quadratic formula (EQD2) based on total dose
given, dose per fraction and a tissue end point specific constant
called a/b. This is instead of looking only at the total dose, which
does not take the dose per fraction received into consideration,
and this is important for toxicity. We used the EQD2 formula to
compare the different radiotherapy regimes used.

Some studies reported cosmetic outcome as a four-grade scale
and some capsular contracture using the Baker scale. For compar-
ability, we pooled the cosmetic outcome and Baker Grade into
two categories: a “good” vs “poor” result, grouping patients into
an “excellent to good/Baker 1–2” group and a “fair-poor/Baker
3–4” group.

Statistical analysis

We carried out the statistical analyses using IBM SPSS Statistics 25
[21]. We used binary logistic regression to calculate odds ratio
(OR) and p-values, which were considered statistically significant
when p< .05. ORs for increasing radiation doses measured as Ta

bl
e
1.

Ch
ar
ac
te
ris
tic
s
of

th
e
in
cl
ud

ed
st
ud

ie
s.

St
ud

y
Ye
ar

N
um

be
r

of
pa
tie
nt
s

M
ed
ia
n/

m
ea
n
ag
e

at
di
ag
no

si
s

Ti
m
e
fr
om

au
gm

en
ta
tio

n
to

BC
T/
RT

(y
ea
rs
)

Ra
di
at
io
n

ty
pe

To
ta
l

ra
di
ot
he
ra
py

do
se

(G
ra
y)

D
os
e

pe
r

fr
ac
tio

n
EQ

D
2�
�

Im
pl
an
ts

su
bg

la
nd

ul
ar

Im
pl
an
ts

su
bm

us
cu
la
r

M
is
si
ng

da
ta

im
pl
an
t

lo
ca
tio

n

G
ra
de

1–
2

af
te
r

RT
��
�

G
ra
de

3–
4

af
te
r

RT
��
��

M
is
si
ng

da
ta

Ba
ke
r/

co
sm

es
is
.

N
um

be
r
of

ca
ps
ul
ar

co
nt
ra
ct
ur
e

N
um

be
r
of

ex
pl
an
ta
tio

ns
Fo
llo
w
-u
p

in
m
on

th
s

Ak
ht
ar
i[
12
]

20
15

7
61

–
AP

BI
34

3,
4

41
,9
3

–
–

7
6

1
0

0
2

32
Le
i[
13
]

20
14

16
50
.7

10
,7

AP
BI

38
.5

3.
85

50
.3
7

1
15

0
15

0
1

0
0

23
.9

Ku
sk
e
[1
4]

20
12

87
52

–
AP

BI
34

3.
4

41
.9
3

–
–

87
72

2
13

10
–

36
Tu
li
[2
0]

20
06

6
49
.2

12
.6

W
BI

59
.7

1.
76

57
.3
1

–
–

6
6

0
0

0
0

45
G
ra
y
[6
]

20
04

17
50
.7

7
W
BI

60
.6

1.
8

58
.5
8

8
9

0
12

5
0

5
3

36
Ka
ra
na
s
[1
0]

20
03

19
48

13
.4

W
BI

–
–

–
–

–
19

–
–

19
3

3
38

Vi
ct
or

[1
5]

19
98

8
43

–
W
BI

60
.4

–
–

3
5

0
8

0
0

0
0

32
M
ar
k
[8
]

19
96

21
50

9
W
BI

60
.0
4

1.
85

58
.5
4

8
13

0
9

12
0

12
7

24
H
an
de
l[
7]

19
96

26
45

7.
5

W
BI

63
.3
5

1.
86

61
.8
7

20
6

0
7

19
0

17
8

39
.5

G
ue
nt
he
r
[1
9 ]

19
94

20
52

–
W
BI

–
2

–
14

6
0

17
3

0
–

1
45
.6

Kr
is
hn

an
[1
6]

19
93

5
50

–
W
BI

65
–

–
–

–
5

4
1

0
0

–
58

Ch
u
[2
1]

19
92

6
45
.3

–
W
BI

62
2

62
–

–
6

5
1

0
–

–
43
.7

To
ta
l

23
8

49
.7

10
.2
4

AP
BI

¼
11
0
pt
s

W
BI

¼
12
8
pt
s

54
54

13
0

16
1

44
33

47
24

37
.8

� O
nl
y
au
gm

en
te
d
pa
tie
nt
s,

re
co
ns
tr
uc
te
d
ex
cl
ud

ed
.
��

EQ
D
2
¼
eq
ui
va
le
nt

do
se

in
2
G
y
fr
ac
tio

ns
.
��
� C

os
m
es
is
/B
ak
er

G
ra
de

1–
2
af
te
r
RT

¼
Ba
ke
r
gr
ad
e
1–
2
or

go
od

/e
xc
el
le
nt

co
sm

et
ic

re
su
lts
–p

hy
si
ci
an

ra
te
d.

��
��

Co
sm

es
is
/B
ak
er

G
ra
de

3–
4
af
te
r
RT

¼
Ba
ke
r
gr
ad
e
3–
4
or

fa
ir/
po

or
co
sm

et
ic
re
su
lts
–p

hy
si
ci
an

ra
te
d.

226 M. S. SERRITZLEV ET AL.



EQD2 was calculated per one dose-unit increase and for implant
age as one year increase.

We wanted to conduct a formal metaanalysis, but due to the
small size and design of the studies included, this was not feas-
ible. Instead, we performed uni- and multivariate analyses. All
analyses were performed for the number of individuals for whom
the variable in question was available. When performing the
multivariate analysis, enough data was obtained to include 172
patients. 65 cases were missing. Only variables which were statis-
tically significant in the univariate analyses were included in the
multivariate analysis.

Results

Literature search

Our literature search yielded 136 titles. By screening references,
we could include three additional studies. After exclusion of irrele-
vant titles, 30 abstracts were screened for eligibility, leaving 15
articles for full-text screening. The trial flow diagram is shown in
Figure 1.

One article met the inclusion criteria, but was excluded: in this
study, Kuske et al. [22] followed 250 women for 20 years, and
reported that less than 5% experienced new capsular contracture.
There was no information on how the assessment of contracture
was evaluated, and information regarding mean age, mean follow
up, implant types and explantation was not evident in the paper.
As the study did not report relevant outcome data, it was
excluded. Five other articles were excluded for the reasons given
in Figure 1 [20,23–26].

Table 1 lists the characteristics of included studies. The twelve
included articles assessed a total of 238 patients with prior aug-
mentation undergoing BCT and radiotherapy. 237 patients were
included in the univariate analysis, since one patient was lost to
follow-up in the study by Lei et al. [12].

Outcomes after BCT and radiation therapy (RT)

The outcomes are given in Tables 1 and 2. A total of 47 women
out of 212 (22.2%) developed capsular contracture after BCT and
radiation therapy. Of 238 patients, 161 (67.6%) had a good cos-
metic outcome/Baker Grade 1–2 after RT, while for 44 (18.5%) a
poor cosmetic outcome/Baker Grade 3–4 was reported. Data on
both cosmesis and Baker Grade was missing for 33 patients.

The studies presented their results with different measures:
Three studies [6,7,14] used Baker Classification to define the
degree of capsular contracture. Six studies focused on the cos-
metic outcome, and used either Harvard breast cosmesis scale
[11,13,27], RTOG criteria [12,28] or a four point scoring system [8,
18,19] to evaluate the cosmetic result. Two studies [15,29]
assessed the cosmetic outcome by grading the result as excellent,
good, fair or poor, but used their own definition or did not define
these four categories further. Karanas et al. [9] focused on the
rate of complications and did not use any scales or scor-
ing systems.

Only one study [9] reported on BMI. Three studies [8,11,15]
reported individual data on patient age, including a total of 33
patients, which was deemed too few to be included in analysis.
Three studies [6,7,12] described baseline cosmesis/Baker Grade
before radiation therapy (RT), primarily to point out that patients
had a favorable cosmetic appearance before RT. Out of 59
patients, 57 (96.6%) had “good results” before RT, whereas 34 out
of 58 patients (58.6%) had “good results” after RT. One patient
was lost to follow-up [12].Ta
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Table 2 shows the number of complications reported in each
study. Complication rates were given for a total of 232 patients.
For 6 patients this information was not obtainable, since Chu
et al. [19] did not report on the rate of complications. 71 patients
(30.6%) developed some type of complication. 24 of 140 patients
(17.1%) required revision surgery due to either leakage, rupture,
capsular contracture or fibrosis. Fibrosis was defined as Grade 2
or more on RTOG Late Morbidity Scoring Schema or on The
National Cancer Institute Common Terminology Criteria for
Adverse Events version 3.0 (CTCAE v. 3) [30].

Uni- and multivariate analysis

To investigate if implant age, radiation type, implant location, and
radiation dose were significant predictors of the development of
capsular contracture and the cosmetic outcome, we performed
uni- and multivariate analyses with implant age, radiation type,
radiation dose (measured in 2Gy fractions) and implant location
as independent and capsular contracture as dependent outcomes,
respectively.

The univariate analyses showed that the odds of developing
contracture were significantly lower when receiving accelerated

Table 3. Uni- and multivariate analysis.

Capsular contrature No capsular contrature

N (%) N (%) OR (95% CI) p-Value

UNIVARIATE
Radiation
WBI (n¼ 102) 37 (36) 65 (64)
APBI (n¼ 109) 10 (9) 99 (91) 0.18 (0.08–0.38) <.001

EQD2 (n¼ 172) 43 (25) 129 (75) 1.15 (1.10–1.21) <.001
Implant location
Subglandular (n¼ 38) 23 (61) 15 (39)
Submuscular (n¼ 26) 11 (42) 15 (58) 0.48 (0.17–1.32) .154

Implant age (n¼ 21) 12 (57) 9 (43) 1.15 (0.94–1.14) .165
MULTIVARIATE
WBI (n¼ 63) 33 (52) 30 (48)
APBI (n¼ 109) 10 (9) 99 (91) 0.72 (0.13–3.83) .68
EQD2 (n¼ 172) 43 (25) 129 (75) 1.13 (1.03–1.24) <.05

* References [21-26] 
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searching
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abstracts
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for eligibility
(n = 15)
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Full-text ar�cles excluded

(did not report relevant outcome data,
le�ers to the editor, used same data
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(n = 6)

Records iden�fied by
screening references

(n = 3)
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clu
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Studies included in
qualita�ve synthesis

(n = 12)

Figure 1. Trial flow diagram. �References [21–26]
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partial breast irradiation (APBI) (n¼ 109), compared to whole
breast irradiation (WBI) (n¼ 102) (OR: 0.18 CI: 0.08–0.38, p< .001).
Data on contracture was not given for 27 patients, therefore only
211 were included in the analysis (Table 3).

In the univariate analysis, higher radiation doses were signifi-
cantly associated with a higher risk of capsular contracture (OR:
1.15 CI 1.10–1.21, p< .001). There was a lower risk of contracture
for implants located submuscularily compared to implants located
subglandularily, however, the difference was not statistically sig-
nificant (OR: 0.48 CI 0.17–1.32, p¼ .154). Capsular contracture was
seen in 23 out of 38 patients with subglandular implants (60.5%),
and in 11 out of 26 patients with submuscular implants (42.3%).
There was also no statistically significant risk associated with
increasing implant age (OR: 1.15 CI 0.94–1.14, p¼ .165).
Performing multivariate analysis, including type of radiation and
radiation dose (in 2Gy fractions), only the effect of increasing
radiation dose remained statistically significant (OR: 1.13 CI
1.03–1.24, p< .05). Data are presented in Table 3.

Discussion

Risk factors for contracture

It has been suggested that higher doses of radiation correlate
with a higher rate of contracture. As mentioned before, Handel
et al. [6] reported a very high rate of contracture compared to
other studies. Seventeen of their patients (65.4%) developed con-
tracture, in contrast Karanas et al. [9] found that only 3 (15.8%)
developed contracture, and both Victor et al. [14] and Tuli et al.
[29] reported that none of their patients treated with BCT experi-
enced contracture. All of these four studies used WBI. Other
articles have pointed out that the fairly high doses of radiation
given in the study by Handel et al. may account for the higher
rate of contracture. Out of seven patients who got doses lower
than 64.8 Gy, one (14%) developed contracture, while 16 out of
19 (84%) who got doses of 64.8 Gy or higher, experienced con-
tracture. On the other hand, Gray et al. [7] gave all patients the
same total doses of 60.6 Gy, still 5 patients (29.4%) experienced
contracture. Mark et al. [8] found no statistically significant correl-
ation with radiation dose, though there was a trend toward
increased contracture with higher doses of radiation. Our results
also pointed towards higher odds of contracture with increasing
doses (OR: 1.13 CI 1.03–1.24, p< .05), but only when using a con-
version factor (EQD2) to calculate biological effect of radiation
fractions. The largest biological effects of radiation were observed
in the studies using WBI instead of APBI.

Surgical technique and the amount of tissue removed have
also been identified as possible reasons for poor cosmetic results.
Karanas et al. [9] asserted that most women with existing breast
implants have small native breast volumes, which can result in a
poor cosmetic outcome, when undergoing lumpectomy. Size of
implants and surgical experience might also be important factors
affecting cosmetic outcome. Wiener et al. [31] examined how inci-
sion choice could affect the incidence of capsular contracture,
and found that periareolar incision was associated with a higher
risk of contracture compared to inframammary incision. They
speculated that this could be explained by a higher bacterial load
when cutting through large-caliber ducts near the nipple, increas-
ing the risk of bacterial colonization, and potentially increasing
the incidence of capsular contracture. When performing a lumpec-
tomy, the placement of the incision will primarily rely on the loca-
tion of the tumor, but the risk of capsular contracture might
increase if the tumor is located near the nipple. Very few articles
reported on the incision technique, and therefore we could not

investigate the significance of surgical technique in our dataset.
The same applied to implant size and breast volume.

Patients having encapsulation of the implant or any grade of
fibrosis before radiation are naturally subject to greater risk of
contracture later on. Only three studies [6,7,12] reported on base-
line cosmesis/Baker Grade. Halpern et al. [32] did a retrospective
study on cosmetic results in reconstructed patients receiving radi-
ation. One of their observations was that patients who had
fibrotic changes and encapsulation prior to treatment ended up
with poorer cosmetic results. When no fibrotic changes were seen
in the study by Halpern et al. radiotherapy did not alter the
already favorable cosmetic outcome significantly. Arguably, a high
Baker Grade or fibrosis before RT might have been part of the
reason why some studies, e.g. Mark et al. [8], experienced such a
high rate of contracture compared to other studies–however, this
data was not reported.

WBI vs. APBI

Our analysis initially showed that WBI is associated with a signifi-
cantly higher risk of capsular contracture compared to APBI. APBI
is a localized type of treatment, which targets only a small area of
breast tissue and is administered over a shorter period of time.
These features minimize the exposure to the surrounding tissue
as well as the exposure to the implant, reducing the risk of capsu-
lar contracture. Wobb et al. [33] have examined long-term clinical
outcomes associated with APBI and WBI, and found that after
10 years there was no difference in recurrence or survival. Several
studies support these results [34–37]. However, this method is
generally used for selected patients with low-risk cancer. If a
woman with prior breast augmentation is otherwise a candidate
for APBI, our results indicate that this mode of radiation therapy
should be preferred. However, no large studies on this subject
have been conducted.

When performing a multivariate analysis, taking into account
the effect of both radiation dose measured in 2Gy fractions and
type of radiation on the development of contracture, our results
no longer showed a significant association between WBI and
higher risk of capsular contracture. Among 237 patients included
in the analysis, there was only sufficient information on 172
patients covering both radiation dose in 2Gy fractions, type of
radiation and rate of capsular contracture. Of the 172 patients
included in the multivariate analysis, 63 patients received WBI and
109 patients received APBI, indicating that almost all APBI patients
(n¼ 110) were included, while more than half of the WBI patients
(n¼ 128) were excluded from the analysis. This distortion of the
groups may probably explain why we could no longer see a sig-
nificant correlation between WBI and the risk of contracture.

Subglandular vs. submuscular implant location

Our results showed a tendency towards a lower risk of contrac-
ture with submuscular location of the implant compared to sub-
glandularly located implants (OR: 0.48 CI 0.17–1.32), but this
correlation was not significant (p¼ .154).

Six articles reported data on implant location, the results of
Karanas et al. was left out of Table 1, because they reported the
implant location for both reconstructed and augmented patients,
and for 22 patients the location was unknown. Implant location
was evenly distributed, as 54 patients (50%) had their implants
placed subglandularly, and the same number of patients had their
implants placed submuscularily. Data was missing on 130 patients.
Handel et al., Guenther et al. and Gray et al. [6,7,18] showed
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results that pointed towards a worse cosmetic outcome or a
higher rate of complications with subglandular implants com-
pared to submuscular implants. Gray et al. reported that four out
of eight with subglandular implants developed contracture (50%),
while one out of nine (11.1%) with submuscular implants devel-
oped contracture. Handel et al. stated that 14 out of 20 patients
with subglandular implants developed contracture (70%), while 3
out of 6 (50%) with submuscular implants experienced contrac-
ture. Guenther et al. did not report on the rate of contracture, but
focused on the cosmetic outcome. When performing the same
analysis with excellent/good/Baker 1–2 as our primary outcome
instead of contracture, we still did not find any significant differ-
ence among the two groups.

Only three studies [6–8,18] reported the location of implants
with individual information on who developed contracture. The
numbers presented in Table 3 suggest that more patients with
subglandular implants (60.5%) developed contracture compared
to patients with submuscular implants (42.3%), however, this was
not substantiated in the univariate analysis, which might be
attributable to the fact that only 64 patients were included in this
due to lack of information for the remaining implants. Again, the
relatively small sample size may account for the fact that we do
not see a significant association.

Other complications

71 patients (30.6%) developed some kind of complication. There
was a big difference between the studies in their way of reporting
complications. While some seemed to focus on the more serious
complications that required explantation or medication [9,11],
others reported only on capsular contracture [6–8], and some did
not report any complications at all [14,15,19,29]. The most fre-
quently reported complication was contracture, comprising 66.2%
of the total number of complications. No increased risk of any
other complication was reported for augmented women having
been treated with radiation.

Only a few studies reported the time period between the last
treatment with radiotherapy to development of complications.
For the ones that did, most complications had appeared within a
year. Handel et al. [6] was one of the studies reporting the high-
est rate of contracture, and stated that the maximum time inter-
val between the onset of contracture and completion of RT was
39.7weeks, hence less than a year. The majority of the studies
had a mean follow-up of at least one year. However, even longer
follow-up would have been beneficial, since capsular contracture
often develops later on, and with increasing frequency with
increasing follow-up time. The Sientra Core Study [38] assessed
the safety and effectiveness of Sientra’s breast implants in aug-
mented and reconstructed patients, and found that in augmented
patients it took 3–4 years for over 50% of all capsular contracture
events to occur, supporting the fact that a longer follow-up
period might have revealed a higher rate of contracture.

Limitations

The limitation of this systematic review is mostly related to the
heterogeneity of the studies included. The studies did not use the
same measures of outcome and had different definitions of both
cosmesis and contracture. For most of the studies, aesthetic evalu-
ation was done with non-validated methods. Moreover, the data
given on the specific characteristics of each individual participat-
ing in the studies were sparse. In several of the studies, data was
pooled for reconstructed and augmented patients [9,14,19,29],

which made it difficult to assess only augmented patients treated
with BCT. Because data was so sparse and pooled in several of
the studies included, we were not able to carry out analysis on
several parameters, including implant type, implant size and fol-
low up time. Additionally, most studies included a relatively small
number of patients, and hence had to conclude that their study
cohort was too small to confirm statistical significance. As men-
tioned in the methods section, we wanted to conduct a formal
metaanalysis, but were not able to do so because of the limita-
tions listed above.

Another important limitation is the risk of publication bias,
meaning that the studies which show a given effect will have a
stronger probability of being published. This phenomenon could
apply both to the studies that reported a higher risk of capsular
contracture with the use of WBI [6,8], but also to APBI studies
[11–13] that all showed how treatment with partial breast irradi-
ation produces favorable cosmetic outcomes with very few cases
of capsular contracture. The more “interesting” articles have a bet-
ter chance of being published, solely because there is a greater
incentive to read them.

Only one article reported both physician-rated and patient-
rated cosmesis. Lei et al. [12] reported that all of their patients
had good to excellent cosmetic results according to the physician,
while after 24months, only 72.7% agreed with their physician. At
this point, five patients were lost to follow-up. Since this is the
only study that included both the patient’s and the physician’s
opinions, it is unclear whether this discrepancy might account for
some of the good results found in other articles that only
assessed the physician’s point of view. Though the differences in
patient- and physician rated cosmesis may have an impact on the
cosmetic result observed, it would not have affected the contrac-
ture rate reported in the studies, since this was only assessed by
the physician.

Perspectives to future studies

More elaborate studies are needed to understand the risk of con-
tracture in augmented patients undergoing BCT and radiation. A
future study should include a large patient cohort, exclude all
reconstructed patients and focus solely on augmented patients.
To clearly define any risk factors, it would be necessary to include
detailed information on at least the following: BMI, particulars
related to radiation treatment including dose, accumulated dose,
administration as whole or partial breast radiation, incision tech-
nique, age at diagnosis as well as implant position, volume, age
and type. Evaluation of fibrosis or Baker Grade before RT should
also be assessed, and only by using the Baker scale or other vali-
dated grading methods. A long follow-up period should be
included. A prospective study of all consecutive patients in a
large-volume unit should be aimed for.

Conclusion

The results of this review show that augmented patients receiving
BCT and radiotherapy might have a greater risk of developing
capsular contracture, when being treated with whole breast irradi-
ation rather than partial breast irradiation. Furthermore, we found
that increasing radiation dose was also associated with a higher
risk of capsular contracture. These findings suggest that aug-
mented patients should be informed about the risk of contracture
when treated with WBI, but because there are so few articles
addressing this subject, future large studies are needed to estab-
lish an association and to evaluate other potential risk factors.
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