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Evaluation of capsular contracture 
following immediate prepectoral 
versus subpectoral direct-to-
implant breast reconstruction
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Capsular contracture is a common adverse outcome following implant breast reconstruction, 
often associated with radiation treatment. The authors hypothesize that muscle fibrosis is the 
main contributor of breast reconstruction contracture after radiation. Retrospective chart review 
identified patients that underwent DTI reconstruction with pre-or post-operative breast irradiation. 
Signs of capsular contracture were assessed using clinic notes and independent graders reviewing 

two-dimensional images and anatomic landmarks. Capsular contracture rate was greater in the 
subpectoral vs. prepectoral group (n = 28, 51.8% vs. n = 12, 30.0%, p = 0.02). When compared to 
prepectoral DTI reconstruction in irradiated patients, subpectoral implant placement was nearly 4 
times as likely to result in capsular contracture (p < 0.01). Rates of explantation, infection, tissue 
necrosis, and hematoma were comparable between groups. We also found that when subpectoral 
patients present with breast contracture, chemoparalysis of the muscle alone can resolve breast 
asymmetry, corroborating that muscle is a key contributor to breast contracture. As prepectoral breast 
reconstruction is gaining popularity, there have been questions regarding outcome following radiation 
treatment. This study suggest that prepectoral breast reconstruction is safe in an irradiated patient 
population, and in fact compares favorably with regard to breast contracture.

Breast cancer is the most common malignancy to affect women, accounting for a significant proportion of 
cancer-related mortality in the general female population1. Immediate prosthesis placement remains the leading 
method of reconstruction following mastectomy2,3. Two-stage reconstruction with tissue expander (TE) place-
ment is most commonly used to correct mastectomy defect and restore breast form4. There is an increasing trend 
towards direct-to-implant (DTI) reconstruction in many centers, where the permanent implant is placed at the 
time of mastectomy in a subpectoral position, with the breast soft tissue supported along the inferolateral pole 
with a biomaterial surgical mesh, such as acellular dermal matrix (ADM) or synthetic material5.

With improvement in mastectomy skin flap viability, many surgeons have revisited implant placement in the 
prepectoral plane6. One chief factor driving prepectoral breast reconstruction is to minimize breast animation 
deformity that is commonly seen with subpectoral implant placement7–9. Placement of the tissue expander or 
implant within the prepectoral space reduces breast animation deformity and mitigates discomfort that may 
result from elevation of the pectoralis major muscle10,11. Early retrospective investigations have demonstrated 
objective cosmetic advantage following prepectoral breast reconstruction, as well as favorable patient reported 
outcomes when comparing prepectoral TE reconstruction to subpectoral TE placement12–14.

Importantly, there has been a rise in the rate of post-mastectomy radiation therapy (PMRT) in recent years15–17.  
Breast irradiation is widely reported to be an independent risk factor for post-operative complications, including 
surgical site infection, mastectomy skin flap necrosis, and capsular contracture18–20. In fact, a number of stud-
ies reported that patients who underwent PMRT following TE reconstruction were more likely to experience 
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reconstruction failure compared to their non-irradiated cohort21,22. With regard to prepectoral breast reconstruc-
tion, Elswick, et al. reported higher rates of overall complication, including capsular contracture, although these 
findings were not statistically significant23. In contrast, Sigalove, et al. recently demonstrated that PMRT following 
two-stage prepectoral breast reconstruction was not associated with increase risk of adverse outcomes in the 
short-term, with average follow up of 25.1 ± 6.4 months24. With these conflicting reports, the impact of PMRT 
on capsular contracture within patients undergoing prepectoral DTI reconstruction remains unclear, as available 
studies are limited by sample size, heterogeneity in reconstruction methods, and lack of matched control between 
prepectoral and subpectoral patient groups. Additionally, most of the available data are for two-stage TE breast 
reconstruction and not for single-stage DTI reconstruction.

Investigation of capsular contracture as a primary safety endpoint following prepectoral breast reconstruction 
in an irradiated patient population serves to address a current gap in knowledge25–27. Radiation causes soft tissue 
fibrosis. In patients with subpectoral breast implant breast reconstruction, the contracture affects skin, capsule 
and muscle. It has been suggested that fibrosis of contractile muscle tissue could predispose patients after sub-
pectoral reconstruction to breast contracture and implant deformation28,29. Evidence supporting muscle fibrosis 
to be a main contributor to contracture can be found in a recent investigation reporting favorable breast contrac-
ture rates following prepectoral breast reconstruction when compared to submuscular placement, in two-stage 
reconstruction30. Implant placement in the prepectoral plane avoids surgical manipulation of the muscle and the 
implant is not subject to deformation from muscle fibrosis and contracture following PMRT. Therefore, this study 
aims to compare capsular contracture rates between prepectoral and subpectoral breast reconstruction cohorts. 
We hypothesize that the prepectoral DTI breast reconstruction will be associated with lower incidence of capsular 
contracture when compared to subpectoral implant placement in an irradiated patient population.

Methods
Study design and population. Retrospective chart review at the tertiary academic medical center, 
Massachusetts General Hospital, was conducted with the approval of and in accordance to the guidelines of the 
Partners Healthcare Institutional Review Board. Patients who underwent immediate DTI breast reconstruction 
with breast irradiation, performed by the senior authors between January 2015 and May 2018, were identified. 
The prepectoral reconstruction group included any patient who underwent prosthesis placement following ADM 
or Vicryl mesh–based attachment along the anterior margin of the pectoralis major. Patient demographic, onco-
logic, clinical data were analyzed and pre- and post-operative clinical photographs were collected. The subpec-
toral group was defined as any patient who underwent implant placement within a subpectoral pocket, with 
inferolateral reinforcement using surgical mesh. Those patients who underwent breast reconstruction with total 
or partial muscle coverage were excluded from the study. Those with partial muscle coverage underwent only pec-
toralis major muscle dissection and tacking onto the mastectomy skin flap. Therefore, lower pole of the implant 
was covered solely covered by the skin flap without muscle coverage.

Prepectoral DTI reconstruction. Following mastectomy with inframammary incision, a sizer implant was 
used to assess mastectomy skin flap viability and identify optimal breast implant volume. The surgical techniques 
employed for Vicryl or ADM prepectoral breast reconstruction by the senior author have been described previ-
ously10,31. In brief, a pocket of Vicryl mesh was created to enclose and support the silicon implant. If ADM was 
not used, the implant was fashioned to the prepectoral pocket with interrupted Vicryl sutures. If ADM was used, 
a piece of 18 × 8 cm was fashioned exclusively on the anterior side of the Vicryl pocket. Implant position in the 
prepectoral plant was controlled by suturing along the inframammary fold. The use of Vicryl mesh alone or Vicryl 
mesh with ADM adjunct was based on surgeon experience and technique.

Subpectoral DTI reconstruction. Mastectomy was performed using inframammary incision. Subpectoral 
implant reconstruction was performed as described previously32–34. The pectoralis major muscle was elevated 
along the inferior and lateral margins. Vicryl mesh or ADM was sutured to the chest wall along the inframam-
mary fold, and along the inferolateral border of the raised muscle. The implant was then placed within the sub-
pectoral pocket. In this way, the superior pole of the implant was covered by pectoralis major muscle, whereas 
inferolateral surface of the implant was covered by surgical mesh.

Data collection and analysis. Variables recorded for each patient were age at surgery, body mass index 
(BMI), obesity, history of smoking, laterality of cancer, cancer pathology, cancer grade, timing of breast irra-
diation, neoadjuvant chemotherapy, implant size, diabetes, mastectomy type (nipple-sparing v. skin-sparing), 
axillary management (axillary lymph node dissections and sentinel node biopsies), surgical adjunct (ADM v. 
Vicryl mesh), follow-up interval, and laterality. The primary endpoint of interest was rate of capsular contrac-
ture, defined as breast deformity resulting from either fibrous capsule formation or muscle contracture around 
the prosthetic device, which manifests as functional asymmetry, decreased upper extremity range of motion, 
and pain with activation of the pectoralis major muscle. Two blinded evaluators (LG and RE) assessed capsular 
contracture among a standardized set of patient photographs. Objective evaluation of the following landmarks 
was conducted to evaluate asymmetry1; axillary fold crease2, flattening of inferior pole projection3, superolateral 
displacement of nipple areolar complex4, dimpling or creasing of the soft tissue envelope at the level of the pec-
toralis major muscle. Superolateral displacement of the nipple was not recorded for patients with skin-sparing 
mastectomies. The data was then combined into a single data set, with two data points (one from each evaluator) 
per patient for each of the aforementioned criteria. Given the dichotomous nature of the endpoint variables, it 
stands to reason that blinded, independent review of a single group of patients generates two sets of unique data, 
which can be combined and subsequently analyzed. In addition, the following post-operative complications were 
recorded: surgical site infection, mastectomy skin flap necrosis, hematoma, revision, and explantation. Those 
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complications that required reoperation were recorded, as surgeon management of post-operative complications 
varies even within a single institution. Reoperation can be objectively assessed during chart review and provides 
the most accurate representation of patient outcome following breast reconstruction. A Cohen’s kappa (κ) was 
calculated to determine inter-rater reliability among independent evaluators. BMI was calculated as mass/meters 
squared (kg/m2).

Statistical analysis. Data were analyzed using SPSS 24 (IBM Corp., Armonk, NY). Power analysis was con-
ducted to determine the sample size necessary to detect an effect size of 36.1%, which represents the most recently 
reported variance in capsular contracture rate between prepectoral and subpectoral immediate implant-based 
breast reconstruction in an irradiated patient population30. We calculated an a priori sample size of 62 total breast 
evaluations at a significance of 0.05 and a power of 80%.

Univariate analysis was conducted to compare patient characteristics between prepectoral and subpectoral 
groups. Normality was determined using the Shapiro-Wilk test. Normally distributed factors were compared via 
Student’s t-test and non-normally distributed variables were evaluated using the Mann-Whitney test. Fisher’s 
exact testing was used to compare categorical variables. Unadjusted logistic regression was used to analyze out-
come data by patient. A penalized (Firth) logistic regression model was constructed to identify relationship 
between prepectoral breast reconstruction and post-operative complication by controlling for confounding var-
iables (age, BMI, history of smoking, post-mastectomy radiation therapy (PMRT), mastectomy type, surgical 
adjunct, implant size, and post-operative follow-up). Firth logistic regression restricts maximum likelihood esti-
mations to prevent bias that may result from small event sizes. Covariate variables that are known predictors of 
complication or were unmatched between patient groups were included in the regression models35. For each 
outcome endpoint, an odds ratio, 95% confidence interval, and p value were calculated. Statistical significance 
was defined as p < 0.05.

Ethical approval. All procedures performed in studies involving human participants were in accordance 
with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards. Ethical approval: This article does not 
contain any studies with animals performed by any of the authors.

Informed consent. Informed consent was obtained from all individual participants included in the study.

Results
Clinical characteristics. We identified 47 patients who underwent either bilateral (n = 34) or unilateral 
(n = 13) mastectomy followed by immediate reconstruction, who also had either pre- or post-mastectomy radia-
tion treatment, resulting in a total of 81 reconstructed breasts. Although far more patients were found in the data-
base to have underwent implant breast reconstruction and radiation treatment, these 47 patients had complete 
photographic documentation pre-operatively, before radiation treatment and after radiation treatment over time. 
Patients that lacked photographic documentation at any of these clinical junctures were excluded. Subpectoral 
implant-based reconstruction was performed in 27 radiated patients, whereas the remaining 20 underwent prep-
ectoral implant placement and radiation treatment. Nipple sparing mastectomy was performed in 32 (68.1%) 
patients, while skin-sparing mastectomy was performed in 15 patients. The mean age of the women at time 
of surgery was 50.8 ± 11.3 years. Table 1 presents clinical characteristics of the total cohort and by position of 
implant (subpectoral v. prepectoral). Cohorts were well matched, with no statistically significant differences in 
patient characteristics. Mean follow-up did not vary between prepectoral and subpectoral reconstruction groups 
(25.3 ± 10.8 months v. 27.0 ± 11.3, respectively, p = 0.18). However, patients in the prepectoral group were more 
likely to be obese than those in the subpectoral group. Importantly, this variance in patient characteristics was 
controlled for using penalized logistic regression modeling. Oncologic characteristics, including tumor pathol-
ogy, tumor grade, and TNM staging, were included in Table 1. No significant differences were observed between 
prepectoral and subpectoral groups.

Outcomes. The most common post-operative complication was hematoma [n = 2 (4.3%)], followed infection 
and explantation [n = 1 (2.1%)] (Table 2). Tissue necrosis requiring surgical correction was not observed in this 
patient series. The rate of reconstruction revision was 14.9%, most often performed to address asymmetry from 
capsular contracture, to mitigate animation deformity in the subpectoral cohort, address contour irregularity, or 
other indications related to discomfort.

Position of implant (subpectoral v. prepectoral). As indicated by univariate analysis, there were no sig-
nificant differences in complication rates between prepectoral and subpectoral groups. However, the rate of cap-
sular contracture was significantly greater in patients who underwent subpectoral implant-based reconstruction 
(n = 28, 53.7%), compared to those who underwent prepectoral implant-based reconstruction (n = 12, 30.0%; 
p = 0.02) (Table 3). Accounting for potential confounding factors in a penalized logistic regression analysis, we 
found that the difference in capsular contracture rates among position of implant groups was statistically signifi-
cant (OR, 0.24; 95% CI, 0.08 to 0.64; p < 0.01) (Table 4). There were no other significant differences in postopera-
tive outcomes between subpectoral and prepectoral implant-based reconstruction (Table 4).

Observation of muscle contribution to capsular contracture. In patients with subpectoral breast 
reconstruction that suffer from breast contracture and asymmetry after radiation, there is a consistent clinical 
observation that the muscle is the main contributor to the contracture and pain. When these patients present for 
revision procedure to address breast contracture, the contracted superior pole contour is marked (dotted line) 
pre-operatively. The desired superior pole contour is marked 2–4 cm below (solid line), to match the superior 
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Variable Total (%) Subpectoral (%) Prepectoral (%) p

No. Patients 47 27 20

No. Breasts 81 49 32

Laterality 0.19

   Unilateral 13 (27.7) 5 (18.5) 8 (40.0)

   Bilateral 34 (72.3) 22 (81.5) 12 (60.0)

Mean age at surgery (yr) 50.8 ± 11.3 49.7 ± 11.0 52.3 ± 11.8 0.73

Mean BMI (kg/m2) 26.4 ± 5.3 24.8 ± 3.2 28.5 ± 6.6 0.08

No. Obese† 8 (17.0) 1 (3.7) 7 (35.0) 0.01*

History of smoking 0 (0.0) 0 (0.0) 0 (0.0) 1.00

Laterality of Cancer 0.42

   Right 26 (55.3) 16 (59.3) 10 (50.0)

   Left 21 (44.7) 11 (40.7) 10 (50.0)

Pathology

  IDC 37 (78.7) 22 (88.5) 15 (75.0) 1.00

   Grade 1 3 (6.4) 1 (3.7) 2 (10.0) 0.57

   Grade 2 16 (34.0) 8 (29.6) 8 (40.0) 0.54

   Grade 3 18 (38.3) 13 (48.2) 5 (25.0) 0.14

  ILC 2 (4.3) 0 (0.0) 2 (10.0) 0.18

   Grade 1 0 (0.0) 0 (0.0) 0 (0.0) 1.00

   Grade 2 2 (4.3) 0 (0.0) 2 (10.0) 0.18

   Grade 3 0 (0.0) 0 (0.0) 0 (0.0) 1.00

  DCIS 31 (66.0) 20 (74.1) 11 (55.0) 0.34

   Grade 1 1 (2.1) 0 (0.0) 1 (5.0) 0.43

   Grade 2 9 (19.2) 6 (22.2) 3 (15.0) 0.71

   Grade 3 21 (44.7) 14 (51.9) 7 (35.0) 0.37

LCIS

   Grade 1 0 (0.0) 0 (0.0) 0 (0.0) 1.00

   Grade 2 0 (0.0) 0 (0.0) 0 (0.0) 1.00

   Grade 3 0 (0.0) 0 (0.0) 0 (0.0) 1.00

Tumor Staging

   T1 0 (0.0) 0 (0.0) 0 (0.0) 1.00

   T2 23 (48.9) 14 (51.9) 9 (45.0) 0.77

   T3 15 (31.9) 8 (29.6) 7 (35.0) 0.76

   T4 4 (8.5) 1 (3.7) 3 (15.0) 0.30

   Tis 2 (4.3) 2 (7.4) 0 (0.0) 0.50

   N0 17 (36.2) 10 (37.0) 7 (35.0) 1.00

   N1 23 (48.9) 12 (44.4) 11 (55.0) 0.56

   N2 1 (2.1) 1 (3.7) 0 (0.0) 1.00

   N3 2 (4.3) 2 (7.4) 0 (0.0) 0.50

   M0 41 (87.2) 23 (85.2) 18 (90.0) 1.00

   M1 1 (2.1) 0 (0.0) 1 (5.0) 0.43

ER (+) 39 (83.0) 21 (77.8) 18 (90.0) 0.27

PR (+) 33 (70.2) 17 (63.0) 16 (80.0) 0.21

HER2 (+) 13 (27.7) 9 (33.3) 4 (20.0) 0.31

Sentinel Node Biopsy 31 (66.0) 17 (63.0) 14 (70.0) 0.76

Axillary Lymph Node Dissection 16 (34.0) 10 (37.0) 6 (30.0) 0.76

Breast irradiation 0.45

   Pre-mastectomy 11 (23.4) 7 (25.9) 4 (20.0)

   Post-mastectomy 36 (76.9) 20 (74.1) 16 (80.0)

Neoadjuvant chemotherapy 56 (62.3) 13 (48.2) 14 (70.0) 0.15

Type of mastectomy 0.36

   Skin-sparing mastectomy 15 (31.9) 7 (25.9) 8 (40.0)

   Nipple-sparing mastectomy 32 (68.1) 20 (74.1) 12 (60.0)

Axillary Management

   Axillary Lymph Node Dissection

   Sentinel Lymph Node Biopsy

Mean implant size (mL) 434.0 ± 159.3 407.4 ± 147.7 470.0 ± 170.9 0.17

Continued
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pole contour of the contralateral non-irradiated breast. As soon as the patient undergoes induction of general 
anesthesia, the contracted breast mound descends from the dotted line to the desired solid line, before an incision 
is even made. The descent of the contracted breast mound is due to the short-acting paralytic that has relaxed 
the fibrotic pectoralis major muscle that was contracted over the anterior contour of the breast implant. In these 
patients with radiation associated capsular contracture, the mitigation of breast asymmetry by muscle relaxation 
provides physiologic evidence that points to the muscle as the main contributor of the contracted breast pathol-
ogy. In fact, we propose that in the breast reconstruction patient population after radiation, the clinical diagnosis 
of capsular contracture is an inaccurate term to describe the breast contracture, as muscle fibrosis (not capsule) is 
the dominant contributing pathogenic factor.

Discussion
Emerging studies suggest that implant placement in the prepectoral space confers aesthetic and functional ben-
efit to patients following mastectomy, including mitigation of animation deformity and muscle spasm associated 
with dissection of the pectoralis major muscle36. In addition, recent studies demonstrate no significant differ-
ence in post-operative complication rates between prepectoral breast reconstruction and subpectoral prosthe-
sis placement, which suggest comparable safety profiles between the two reconstruction methods23. However, 
the majority of studies evaluating post-operative complication rates between prepectoral and subpectoral breast 

Variable Total (%) Subpectoral (%) Prepectoral (%) p

ADM use 38 (80.9) 21 (77.8) 17 (85.0) 0.28

Follow-up time 25.3 ± 10.8 27.0 ± 11.3 22.9 ± 10.0 0.18

Table 1. Clinical characteristics. BMI, body mass index; TE, tissue expander; DTI, direct-to-implant; ADM, 
acellular dermal matrix. *Statistically significant (p < 0.05). †BMI >30.

Total (%) Subpectoral (%) Prepectoral (%) p

Overall complication 4 (8.5) 4 (14.8) 2 (10.0) 0.18

   Infection 1 (2.1) 1 (3.7) 0 (0.0) 0.57

   Tissue necrosis 0 (0.0) 0 (0.0) 0 (0.0) 1.00

   Hematoma 2 (4.3) 2 (7.4) 0 (0.0) 0.33

   Explantation 1 (2.1) 1 (3.7) 0 (0.0) 0.57

Revision 7 (14.9) 7 (25.9) 0 (0.0) 0.02*

Table 2. Overview of postoperative complications. *Statistically significant (p < 0.05).

Evaluator Prepectoral (%) Subpectoral (%) p

No. Patients† 20 27

Evaluator 1 7 (35.0) 13 (48.1) 0.17

Evaluator 2 5 (25.0) 15 (55.6) 0.07

Total 12 (30.0) 28 (51.8) 0.02*

Table 3. Assessment of capsular contracture rate via blinded review of 2D patient photographs between 
prepectoral and subpectoral groups. Cohen’s kappa coefficient (κ) for inter-rater reliability was determined to 
be 0.79, which suggests moderate – strong agreement among evaluators. †Number of patients per evaluation. 
*Statistically significant (p < 0.05).

Covariate Odds Ratio (95% CI) p

Prepectoral vs. Subpectoral 0.24 (0.08–0.64) <0.01*

Age at time of surgery 1.03 (0.99–1.08) 0.15

BMI 1.08 (0.96–1.21) 0.19

Nipple- vs. skin-sparing 
mastectomy

0.35 (0.11–0.99) 0.05*

Post- vs. pre-mastectomy 
breast irradiation

1.10 (0.32–3.96) 0.88

ADM vs. Vicryl alone 1.08 (0.30–4.09) 0.91

Implant size 1.00 (0.99–1.01) 0.10

Follow-up 0.98 (0.93–1.03) 0.44

Table 4. Results of penalized logistic regression model for capsular contracture. 95% CI, 95% confidence 
interval; OR, odds ratio; BMI, body mass index; TE, tissue expander; DTI, direct-to-implant; ADM, acellular 
dermal matrix. *Statistically significant (p < 0.05).
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reconstruction focus on two-staged, TE-based breast reconstruction. Given the rising trend toward DTI recon-
struction, this study contributes a matched patient cohort study assessing safety clinical endpoints in the context 
of single-stage breast reconstruction to better guide clinical decision-making. It is reasonable to speculate that 
patient outcomes, such as capsular contracture, could vary with the extent of implant coverage by the pectoralis 
major muscle, especially within the irradiated field. Therefore, this study is unique in examining capsular contrac-
ture rates between prepectoral and subpectoral DTI reconstruction patient populations.

This study found that patients with prepectoral breast reconstruction experienced lower rates of capsular con-
tracture by univariate and penalized logistic regression analysis. This study supports the hypothesis that implant 
coverage with pectoralis major muscle tissue in the case of subpectoral breast reconstruction could predispose 
prosthesis deformity and contracture within the irradiated field (Figs. 1 and 2). In fact, perioperative adminis-
tration of generalized anesthetic in subpectoral reconstruction resulted in relaxation of the overlying pectoralis 
major muscle, allowing for the implant to descend and achieve a more natural contour. Figure 3 depicts this 
change in implant positioning before and after administration of short-acting muscle paralytic, with apparent 
descent of the implant from the upper pole of the mastectomy space to the desired location. In controlling for 
potential confounders in a penalized logistic regression model, odds of capsular contracture within patients 

Figure 1. Bilateral subpectoral DTI breast reconstruction. Patient images capture signs of capsular contracture 
following subpectoral implant placement and breast irradiation. Patient example (row 1) received pre-operative 
irradiation therapy on the right breast, where breast location remained consistent with no evidence of capsular 
contracture. Patient example (row 2) underwent PMRT on the right breast, with no evidence of breast 
mound elevation or implant deformity at 3-month follow-up post breast irradiation. Patient example (row 3) 
with image evidence of capsular contracture demonstrated progressive elevation of the left breast. Elevation of 
the nipple relative to the inframammary fold can be observed concurrent with apparent breast mound rigidity, 
which suggests capsular contracture. Similarly, the patient image (bottom row) demonstrated elevation of 
the nipple and breast mound on the irradiated side compared to the contralateral, non-irradiated side. Breast 
asymmetry and limited prosthesis deformity were observed following subpectoral DTI breast reconstruction 
when compared to the control (upper rows).
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Figure 2. Bilateral prepectoral DTI breast reconstruction. Implant placement in the prepectoral space confers 
superior aesthetic result without significant prosthesis deformity or implant elevation, as evidenced by favorable 
nipple position relative to the inframammary fold and apparent breast symmetry. The top two patients did not 
exhibit signs of capsular contracture, but the bottom patient who had a tighter skin envelope on the right breast 
without nipple sparing, did show signs of capsular contracture. Importantly, skin dimpling or creasing is usually 
not observed in contracted prepectoral breast reconstruction, which suggests significant contribution by the 
pectoralis major muscle to breast mound deformity.

Figure 3. Change in implant positioning in subpectoral breast reconstruction following induction of 
generalized anesthesia. Relaxation of the pectoralis major muscle allows for descent of the implant from the 
superior margin of the mastectomy space and alignment along the inframammary fold, conferring a more 
natural breast shape and contour.
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having undergone prepectoral breast reconstruction were nearly 4 times less than that observed within the sub-
pectoral cohort. Importantly, this result remained consistent when controlling for timing of breast irradiation 
(pre- versus post-mastectomy), which suggests that prepectoral breast reconstruction is associated with a lower 
rate of capsular contracture regardless of the timing of breast irradiation. What is also reassuring, is that we found 
that the prepectoral breast reconstruction patients did not experience increased rates of capsular contracture 
in DTI reconstruction, corroborating findings from other studies reporting on primarily two-stage TE cohorts 
(Table 5).

We performed a subgroup analysis to evaluate timing of breast irradiation on capsular contracture rates 
between prepectoral and subpectoral DTI reconstruction (Table 6). We observed significant difference in capsular 
contracture rates between prepectoral and subpectoral patient cohorts who had undergone prior breast irradia-
tion before the index operation, with the subpectoral cohort presenting with greater rate of capsular contracture. 
These are patients who had undergone breast-conserving therapy with lumpectomy and whole breast irradiation, 
but presented with cancer recurrence, ultimately requiring mastectomy. Similarly, patients with subpectoral DTI 
reconstruction presented with greater rates of capsular contracture when compared to their prepectoral counter-
parts following PMRT, however the result did not reach significance, likely limited by small sample size. Radiation 
treatment following breast reconstruction could result in prosthesis deformity and breast asymmetry due to skel-
etal muscle fibrosis and contracture, with displacement of the underlying implant. As such, patients with implant 
placement in the prepectoral space are likely to avoid implant involvement following PMRT associated pectoralis 
major fibrosis.

Few studies have directly examined capsular contracture rates following prepectoral implant placement within 
the context of DTI breast reconstruction. In a recent retrospective study, Sbitany et al. demonstrated comparable 
rates of post-operative complication between prepectoral and subpectoral breast reconstruction, including overall 
complication and capsular contracture37. Despite similarity in patient characteristics and radiation exposure, this 
study reported on patients after two-staged TE breast reconstruction, thereby limiting generalizability of their 
result for DTI reconstruction. More recently, Sinnott et al. reported greater rates of capsular contracture following 
subpectoral breast reconstruction when compared to prepectoral implant placement within PMRT cohorts30. 
Whereas this study provides valuable insight into the safety of prepectoral breast reconstruction in the context of 
radiation therapy, heterogeneity in reconstruction approaches restricts extrapolation of this study to staged TE or 
DTI scenarios. Their use of a Wise pattern mastectomy incision with autologous dermal flap also require a patient 
population with relatively large breast sizes relative to the size of reconstruction38. In contrast, inframammary fold 
incision is more commonly used for DTI breast reconstruction to accommodate all breast sizes39–42. In a study of 
safety outcomes following prepectoral breast reconstruction, it is necessary to evaluate the post-operative com-
plications in a generalizable patient population.

Analysis of capsular contracture between prepectoral vs. subpectoral implant breast reconstruction patients 
revealed key physical findings that we believe characterize post-mastectomy radiation soft tissue effects. The 
Baker-Spear classification of capsular contracture following prosthesis based breast reconstruction was published 
in 1995, which predates current subpectoral and prepectoral approaches that utilize surgical mesh by over a dec-
ade and is outdated43. We propose a classification system to describe reconstructive breast contracture that avoids 
the term capsule, as other components of the soft tissue, such as muscle, may be more significant contributors 
to the contracture pathology. In this analysis, we describe the following key physical findings1: accentuated deep 
axillary fold crease2, flattening of inferior pole projection3, superolateral displacement of nipple areolar complex4, 

Complication Odds Ratio (95% CI) p

Overall complication 0.17 (0.00–1.81) 0.16

   Infection 0.73 (0.01–10.73) 0.82

   Capsular contracture 0.24 (0.08–0.64) <0.01*

   Explantation 0.73 (0.01–10.73) 0.82

   Hematoma 0.09 (0.00–2.19) 0.17

Revision 0.03 (0.00–0.35) 0.02*

Table 5. Odds of post-operative complication by implant position (prepectoral v. subpectoral). 95% CI, 95% 
confidence interval; OR, odds ratio. *Statistically significant (p < 0.05).

Evaluator

Pre-Operative Breast Irradiation PMRT

p
Prepectoral 
(%)

Subpectoral 
(%) p

Prepectoral 
(%)

Subpectoral 
(%)

No. Patients† 4 7 16 20

Evaluator 1 1 (25.0) 5 (71.4) 0.24 6 (37.5) 10 (50.0) 0.52

Evaluator 2 0 (0.0) 4 (57.1) 0.19 5 (31.3) 10 (50.0) 0.32

Total 1 (12.5) 9 (64.3) 0.03* 11 (34.4) 20 (50.0) 0.23

Table 6. Comparison of capsular contracture rates between prepectoral and subpectoral groups, by timing of 
breast irradiation. PMRT, post-mastectomy radiation therapy. †Number of patients per evaluation. *Statistically 
significant (p < 0.05).
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dimpling or creasing of the soft tissue envelope at the level of the pectoralis major muscle (Fig. 4). Additionally, 
patients may report symptoms of animation deformity, shoulder discomfort, chest tightness, or pain. Going for-
ward, we are using these anatomic landmarks to generate a severity classification scale for reconstructive breast 
contracture. For patients presenting with apparent signs of breast contracture, we are performing revision proce-
dures to convert implant placement from sub- to pre-pectoral position, with dissection to release the pectoralis 
major muscle44.

The main limitations of this study are its retrospective nature and small sample size. Despite high inter-rater 
reliability, the difference in capsular contracture rate between prepectoral and subpectoral cohorts was unable 
to achieve significance for each evaluator; however, given the result of the combination group, we anticipate a 
trend toward significance with a larger sample. There is the potential for selection bias, as observation occurred 
within a single academic medical center. Additionally, inherent differences may exist in operating technique or 
post-operative management among surgeons, even within a single department. To mitigate variability in surgeon 
factors, patients were treated with a small cadre of plastic surgeons. Furthermore, variability in mastectomy skin 
flap thickness between prepectoral and subpectoral cohorts could introduce selection bias, as patients with suf-
ficient subcutaneous flap thickness were selected for prepectoral reconstruction, whereas the remaining patients 
lacking adequate tissue thickness were selected for subpectoral reconstruction. Adequate skin thickness criteria 
for prepectoral reconstruction has yet to be determined in the literature and is currently based on clinical judg-
ment to be approximately 0.5 to 1 cm in thickness, as informed by clinical experience. It would be difficult to 
overcome such a limitation in a retrospective study with statistical manipulation; however, prospective multi-site 
clinical trial with comparing prepectoral or subpectoral implant placement is currently underway to mitigate 
potential confounding conferred by difference in skin flap viability. Another weakness is that prepectoral breast 
reconstruction techniques are not standardized, so that one surgeon utilized ADM while another used Vicryl 
mesh. Despite these limitations, we anticipate that the results of this study showing not just safety but actually 
improved outcome of prepectoral vs. subpectoral implant placement are important contributions. In our practice, 
if we know a patient will receive post-mastectomy radiation, we will favor prepectoral breast reconstruction when 
possible to mitigate the occurrence of painful capsular contracture that often occurs with subpectoral implant 
breast reconstruction. Further, if the patient should fail implant reconstruction due to sequelae of radiation 

Figure 4. Change in breast form following post-mastectomy radiation therapy (PMRT). Panels (A–C) depict 
implant positioning relative to pectoralis major muscle in subpectoral and prepectoral breast reconstruction 
in patients who did not undergo post-mastectomy radiation therapy (PMRT). Skeletal muscle fibrosis 
(panels D–F) is associated with PMRT and often results in the following clinical signs after subpectoral breast 
reconstruction: (I) superolateral displacement of nipple areolar complex, (II) dimpling or creasing of the soft 
tissue envelope at the level of the pectoralis major muscle, (III) flattening of inferior pole projection, and (IV) 
axillary fold crease.
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treatment, autologous breast reconstruction can be carried without the morbidity associated from prior pectoral 
major muscle dissection. Further, when undertaking revision surgery for patients that present with breast asym-
metry, animation deformity or deformation due to radiation effect, one may consider releasing the pectoralis 
muscle from the implant pocket, to convert implant placement from subpectoral to prepectoral space.

The strength of this study is the comparison of capsular contracture rates between prepectoral and subpec-
toral DTI breast reconstruction groups in an irradiated patient population with over 18-month mean follow-up. 
Subpectoral breast reconstruction was associated with significantly greater rate of capsular contracture com-
pared to prepectoral breast reconstruction by univariate analysis. This study and others debunk the notion that 
prepectoral breast reconstruction leads to greater capsular contracture as was the experience of the 1970s when 
soft tissue flaps were likely thinner and surgical mesh was not used to support the prosthetic device. Numerous 
studies have reported PMRT to be an independent risk factor for capsular contracture45–47. The result of a penal-
ized logistic regression model suggests that PMRT is associated with a nearly 14-fold increase in rate of capsular 
contracture (p = 0.04). Therefore, this study confirms a known predictor of capsular contracture. Furthermore, 
we demonstrated no significant difference in secondary endpoints of surgical site infection, mastectomy skin flap 
necrosis, hematoma, revision, and explantation, supporting emerging reports that prepectoral breast reconstruc-
tion shares a comparable safety profile as subpectoral implant placement in irradiated patients.

Conclusion
Prepectoral DTI breast reconstruction is associated with a lower rate of capsular contracture in an irradiated 
patient population when compared to subpectoral breast reconstruction. With continued refinement of prepec-
toral breast reconstruction methods, it is necessary to evaluate surgical outcomes in irradiated patient popula-
tions to improve patient outcomes in this higher risk group. We also propose that muscle fibrosis from radiation 
treatment is the main contributor to breast contracture and asymmetry, thus treatment of post-radiation breast 
contracture should address the muscle specifically.

Received: 17 June 2019; Accepted: 10 January 2020;

Published: xx xx xxxx

References
 1. McPherson, K., Steel, C. M. & Dixon, J. M. ABC of breast diseases: Breast cancer-epidemiology, risk factors, and genetics. BMJ. 321, 

624–628 (2000).
 2. Albornoz, C. R. et al. Implant breast reconstruction and radiation: a multicenter analysis of long-term health-related quality of life 

and satisfaction. Ann. Surg. Oncol. 21, 2159–2164 (2014).
 3. Roostaeian, J. & Adams, W. P. Jr. Three-Dimensional Imaging for Breast Augmentation: Is This Technology Providing Accurate 

Simulations? Aesthet. Surg. J. 34, 857–875 (2014).
 4. Davila, A. A. et al. Immediate two-stage tissue expander breast reconstruction compared with one-stage permanent implant breast 

reconstruction: a multi-institutional comparison of short-term complications. J. Plast. Surg. Hand Surg. 47, 344–349 (2013).
 5. Sobti, N. et al. Evaluation of Acellular Dermal Matrix Efficacy in Prosthesis-Based Breast Reconstruction. Plast. Reconstr. Surg. 141, 

541–549 (2018).
 6. Ter Louw, R. P. & Nahabedian, M. Y. Prepectoral Breast Reconstruction. Plast. Reconstr. Surg. 140, 51S–59S (2017).
 7. Vardanian, A. J. et al. Comparison of implant-based immediate breast reconstruction with and without acellular dermal matrix. 

Plast. Reconstr. Surg. 128, 403e–410e (2011).
 8. Reitsamer, R. & Peintinger, F. Prepectoral implant placement and complete coverage with porcine acellular dermal matrix: a new 

technique for direct-to-implant breast reconstruction after nipple-sparing mastectomy. J. Plast. Reconstr. Aesthet. Surg. 68, 162–167 
(2015).

 9. Harless, C. & Jacobson, S. R. Current strategies with 2-staged prosthetic breast reconstruction. Gland. Surg. 4, 204–211 (2015).
 10. Kobraei, E. M., Cauley, R., Gadd, M., Austen, W. G. Jr. & Liao, E. C. Avoiding Breast Animation Deformity with Pectoralis-Sparing 

Subcutaneous Direct-to-Implant Breast Reconstruction. Plast. Reconstr. Surg. Glob. Open. 4, e708 (2016).
 11. Gabriel, A. & Maxwell, G. P. Prepectoral Breast Reconstruction in Challenging Patients. Plast. Reconstr. Surg. 140, 14S–21S (2017).
 12. Bernini, M. et al. Subcutaneous Direct-to-Implant Breast Reconstruction: Surgical, Functional, and Aesthetic Results after Long-

Term Follow-Up. Plast. Reconstr. Surg. Glob. Open. 3, e574 (2015).
 13. Walia, G. S. et al. Prepectoral Versus Subpectoral Tissue Expander Placement: A Clinical and Quality of Life Outcomes Study. Plast. 

Reconstr. Surg. Glob. Open. 6, e1731 (2018).
 14. Nahabedian, M. Y. & Cocilovo, C. Two-Stage Prosthetic Breast Reconstruction: A Comparison Between Prepectoral and Partial 

Subpectoral Techniques. Plast. Reconstr. Surg. 140, 22S–30S (2017).
 15. Momoh, A. O. et al. A systematic review of complications of implant-based breast reconstruction with prereconstruction and 

postreconstruction radiotherapy. Ann. surgical oncology. 21, 118–124 (2014).
 16. Ohri, N. et al. Trends and variations in postmastectomy radiation therapy for breast cancer in patients with 1 to 3 positive lymph 

nodes: A National Cancer Data Base analysis. Cancer. 124, 482–490 (2018).
 17. Nelson, J. A. & Disa, J. J. Breast Reconstruction and Radiation Therapy: An Update. Plast. Reconstr. Surg. 140, 60S–68S (2017).
 18. Rosato, R. M. & Dowden, R. V. Radiation therapy as a cause of capsular contracture. Ann. Plast. Surg. 32, 342–345 (1994).
 19. Kearney, A. M., Brown, M. S. & Soltanian, H. T. Timing of radiation and outcomes in implant-based breast reconstruction. J. Plast. 

Reconstr. Aesthet. Surg. 68, 1719–1726 (2015).
 20. Mioton, L. M., Gaido, J., Small, W. Jr., Fine, N. A. & Kim, J. Y. Differences in breast aesthetic outcomes due to radiation: A validated, 

quantitative analysis of expander-implant reconstruction. Can. J. Plast. Surg. 21, 73–77 (2013).
 21. Ricci, J. A. et al. A meta-analysis of implant-based breast reconstruction and timing of adjuvant radiation therapy. J. Surg. Res. 218, 

108–116 (2017).
 22. Pu, Y., Mao, T. C., Zhang, Y. M., Wang, S. L. & Fan, D. L. The role of postmastectomy radiation therapy in patients with immediate 

prosthetic breast reconstruction: A meta-analysis. Medicine. 97, e9548 (2018).
 23. Elswick, S. M. et al. Prepectoral Implant-Based Breast Reconstruction with Postmastectomy Radiation Therapy. Plast. Reconstr. Surg. 

142, 1–12 (2018).
 24. Sigalove, S. et al. Prepectoral Implant-Based Breast Reconstruction and Postmastectomy Radiotherapy: Short-Term Outcomes. 

Plast. Reconstr. Surg. Glob. Open. 5, e1631 (2017).
 25. Cattelani, L. et al. One-Step Prepectoral Breast Reconstruction With Dermal Matrix-Covered Implant Compared to Submuscular 

Implantation: Functional and Cost Evaluation. Clin Breast Cancer. (2017).

https://doi.org/10.1038/s41598-020-58094-4


1 1SCIENTIFIC REPORTS |         (2020) 10:1137  | https://doi.org/10.1038/s41598-020-58094-4

www.nature.com/scientificreportswww.nature.com/scientificreports/

 26. Bettinger, L. N., Waters, L. M., Reese, S. W., Kutner, S. E. & Jacobs, D. I. Comparative Study of Prepectoral and Subpectoral 
Expander-Based Breast Reconstruction and Clavien IIIb Score Outcomes. Plast. Reconstr. Surg. Glob. Open. 5, e1433 (2017).

 27. Highton, L., Johnson, R., Kirwan, C. & Murphy, J. Prepectoral Implant-Based Breast Reconstruction. Plast. Reconstr. Surg. Glob. 
Open. 5, e1488 (2017).

 28. Gillette, E. L., Mahler, P. A., Powers, B. E., Gillette, S. M. & Vujaskovic, Z. Late radiation injury to muscle and peripheral nerves. Int. 
J. Radiat. Oncol. Biol. Phys. 31, 1309–1318 (1995).

 29. Sbitany, H., Gomez-Sanchez, C., Piper, M. & Lentz, R. Prepectoral Breast Reconstruction in the Setting of Postmastectomy Radiation 
Therapy: An Assessment of Clinical Outcomes and Benefits. Plast. Reconstr. Surg. 143, 10–20 (2019).

 30. Sinnott, C. J. et al. Impact of Postmastectomy Radiation Therapy in Prepectoral Versus Subpectoral Implant-Based Breast 
Reconstruction. Ann Surg Oncol (2018).

 31. Gfrerer, L. & Liao, E. C. Technique Refinement in Prepectoral Implant Breast Reconstruction with Vicryl Mesh Pocket and Acellular 
Dermal Matrix Support. Plast. Reconstr. Surg. Glob. Open. 6, e1749 (2018).

 32. Nahabedian, M. Y. & Spear, S. L. Acellular dermal matrix for secondary procedures following prosthetic breast reconstruction. 
Aesthet. Surg. J. 31, 38S–50S (2011).

 33. Spear, S. L., Seruya, M., Clemens, M. W., Teitelbaum, S. & Nahabedian, M. Y. Acellular dermal matrix for the treatment and 
prevention of implant-associated breast deformities. Plast. Reconstr. Surg. 127, 1047–1058 (2011).

 34. Tessler, O., Reish, R. G., Maman, D. Y., Smith, B. L. & Austen, W. G. Jr. Beyond biologics: absorbable mesh as a low-cost, low-
complication sling for implant-based breast reconstruction. Plast. Reconstr. Surg. 133, 90e–99e (2014).

 35. Stuart, E. A. Matching methods for causal inference: A review and a look forward. Stat. Sci. 25, 1–21 (2010).
 36. Adkinson, J. M., Miller, N. F. & Murphy, R. X. Jr. Neurectomy for breast reconstruction-related spasms of the pectoralis major 

muscle. J. Plast. Reconstr. Aesthet. Surg. 67, 257–259 (2014).
 37. Sbitany, H. Important Considerations for Performing Prepectoral Breast Reconstruction. Plast. Reconstr. Surg. 140, 7S–13S (2017).
 38. Brown, R. H., Siy, R., Khan, K. & Izaddoost, S. The Superomedial Pedicle Wise-Pattern Breast Reduction: Reproducible, Reliable, 

and Resilient. Semin. Plast. Surg. 29, 94–101 (2015).
 39. Garcia-Etienne, C. A., Cody Iii, H. S. 3rd, Disa, J. J., Cordeiro, P. & Sacchini, V. Nipple-sparing mastectomy: initial experience at the 

Memorial Sloan-Kettering Cancer Center and a comprehensive review of literature. Breast J. 15, 440–449 (2009).
 40. Paepke, S. et al. Subcutaneous mastectomy with conservation of the nipple-areola skin: broadening the indications. Ann. Surg. 250, 

288–292 (2009).
 41. Rawlani, V. et al. The effect of incision choice on outcomes of nipple-sparing mastectomy reconstruction. Can. J. Plast. Surg. 19, 

129–133 (2011).
 42. Spear, S. L., Hannan, C. M., Willey, S. C. & Cocilovo, C. Nipple-sparing mastectomy. Plast. Reconstr. Surg. 123, 1665–1673 (2009).
 43. Spear, S. L. & Baker, J. L. Jr. Classification of capsular contracture after prosthetic breast reconstruction. Plast. Reconstr. Surg. 96, 

1119–1123 (1995). discussion 1124.
 44. Hammond, D. C., Schmitt, W. P. & O’Connor, E. A. Treatment of breast animation deformity in implant-based reconstruction with 

pocket change to the subcutaneous position. Plast. Reconstr. Surg. 135, 1540–1544 (2015).
 45. Nava, M. B. et al. Outcome of different timings of radiotherapy in implant-based breast reconstructions. Plast. Reconstr. Surg. 128, 

353–359 (2011).
 46. Hvilsom, G. B. et al. Delayed breast implant reconstruction: is radiation therapy associated with capsular contracture or 

reoperations? Ann. Plast. Surg. 68, 246–252 (2012).
 47. McGuire, P., Reisman, N. R. & Murphy, D. K. Risk Factor Analysis for Capsular Contracture, Malposition, and Late Seroma in 

Subjects Receiving Natrelle 410 Form-Stable Silicone Breast Implants. Plast. Reconstr. Surg. 139, 1–9 (2017).

Author contributions
N.S., R.W., K.N., L.G. and D.M.- Authors made substantial contributions to the acquisition of data, interpretation 
of data, drafting of the work, substantively revised draft of work, approved the submitted version and agreed to 
be both to be personally accountable for the author’s own contributions and to ensure that questions related to 
the accuracy or integrity of any part of the work. R.J., R.E., M.G., M.S., W.A. and E.L.- Authors made substantial 
contributions to the conception and design of the work, substantively revised draft of work, approved the 
submitted version and agreed to be both to be personally accountable for the author’s own contributions and to 
ensure that questions related to the accuracy or integrity of any part of the work.

Competing interests
E.C.L. has consultant agreements with, but is explicitly not a speaker for, Musculoskeletal Transplant 
Foundation and Allergan Inc., manufacturers of FlexHD and AlloDerm, respectively. The other authors declares 
no conflict of interest.

Additional information
Correspondence and requests for materials should be addressed to E.C.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2020

https://doi.org/10.1038/s41598-020-58094-4
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Evaluation of capsular contracture following immediate prepectoral versus subpectoral direct-to-implant breast reconstructi ...
	Methods
	Study design and population. 
	Prepectoral DTI reconstruction. 
	Subpectoral DTI reconstruction. 
	Data collection and analysis. 
	Statistical analysis. 
	Ethical approval. 
	Informed consent. 

	Results
	Clinical characteristics. 
	Outcomes. 
	Position of implant (subpectoral v. prepectoral). 
	Observation of muscle contribution to capsular contracture. 

	Discussion
	Conclusion
	Figure 1 Bilateral subpectoral DTI breast reconstruction.
	Figure 2 Bilateral prepectoral DTI breast reconstruction.
	Figure 3 Change in implant positioning in subpectoral breast reconstruction following induction of generalized anesthesia.
	Figure 4 Change in breast form following post-mastectomy radiation therapy (PMRT).
	Table 1 Clinical characteristics.
	Table 2 Overview of postoperative complications.
	Table 3 Assessment of capsular contracture rate via blinded review of 2D patient photographs between prepectoral and subpectoral groups.
	Table 4 Results of penalized logistic regression model for capsular contracture.
	Table 5 Odds of post-operative complication by implant position (prepectoral v.
	Table 6 Comparison of capsular contracture rates between prepectoral and subpectoral groups, by timing of breast irradiation.


