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Background Breast projection is a critical element of breast reconstruction aesthetics, but 
little has been published regarding breast projection as the firm expander is changed to a 
softer implant. Quantitative data representing this loss in projection may enhance patient edu-
cation and improve our management of patient expectations. 
Methods Female patients who were undergoing immediate tissue-expander breast recon-
struction with the senior author were enrolled in this prospective study. Three-dimensional 
camera software was used for all patient photographs and data analysis. Projection was cal-
culated as the distance between the chest wall and the point of maximal projection of the 
breast form. Values were calculated for final tissue expander expansion and at varying inter-
vals 3, 6, and 12 months after implant placement.
Results Fourteen breasts from 12 patients were included in the final analysis. Twelve of the 
14 breasts had a loss of projection at three months following the implant placement or be-
yond. The percentage of projection lost in these 12 breasts ranged from 6.30% to 43.4%, 
with an average loss of projection of 21.05%. 
Conclusions This study is the first prospective quantitative analysis of temporal changes in 
breast projection after expander-implant reconstruction. By prospectively capturing projec-
tion data with three-dimensional photographic software, we reveal a loss of projection in this 
population by three months post-implant exchange. These findings will not only aid in man-
aging patient expectations, but our methodology provides a foundation for future objective 
studies of the breast form.
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INTRODUCTION

Tissue expansion is an accepted and widely used method for 

breast reconstruction, with shorter operative times and dimin-
ished donor-site morbidity compared to autologous tissue op-
tions [1,2]. While surgical techniques for this method have im-
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proved in recent years and expanders have evolved in terms of 
shape and constitution, maintaining breast projection remains a 
challenge [3,4]. Tissue expanders work to stretch the overlying 
skin after mastectomy, creating an enlarged, projected pocket for 
placement of a permanent implant. Many patients may enjoy 
the projection they achieve with tissue expansion and expect to 
maintain similar projection following permanent implants are 
placed. However, preserving this projection after the expander 
is exchanged for a softer implant is often difficult due to skin re-
traction and settling of the implant. It is therefore important to 
educate patients on this predicted loss of projection in an effort 
to appropriately manage expectations. 

To date, no studies have quantitatively reported on breast pro-
jection in expander-implant reconstruction. Previous studies 
analyzing aesthetic outcomes after tissue expander breast recon-
struction have often relied upon varying numeric scales of glob-
al appearance [5-7]. A majority of these investigations focused 
on overall aesthetics and perceived symmetry, contour, scarring, 
and inframammary fold (IMF) definition; very few have attem
pted to systematically and quantitatively evaluate breast projec-
tion. The recent and fairly widespread adoption of three-dimen-
sional (3D) imaging software now offers clinicians the ability to 
quantitatively evaluate aesthetic features, such as implant pro-
jection [8-10]. We therefore endeavored to prospectively track 
breast projection following expander exchange, measuring pro-
jection dimensions with 3D computer software. By analyzing a 
critical feature of breast aesthetics and reconstruction in a quan-
titative and prospective fashion, we hope to provide insight on 
the temporal changes related to breast projection in implant-based 
breast reconstruction to better manage patient expectations.

METHODS

Patient population
Female patients who were undergoing mastectomy with imme-
diate tissue expander breast reconstruction with the senior au-
thor (J.K.) were offered participation in this prospective study. 
Participating patients were between the ages of 25 and 85. Pa-
tients with a history of prior radiation were excluded. Fifteen pa-
tients were enrolled and received the Contour Profile tissue ex-
pander during their reconstruction. 

Data collection 
Patient medical information, including preoperative demo-
graphics and operative details, was obtained through a review of 
electronic medical records. Collected variables included age, 
body mass index (BMI), comorbidities, and adjuvant radiation. 
3D images were taken at the initial consultation and at each 
scheduled follow-up visit. Scheduled follow-up visits included: 
one to two weeks post-expander placement, tissue expansion 
nurse visits, immediately before implant exchange, one to two 
weeks after implant exchange, three months post-implant ex-
change, six months post-implant exchange, and one year post-
implant exchange. All captured data was de-identified to comply 
with the Health Insurance Portability and Accountability Act of 
1996.

Image analysis
The Canfield Vectra Three-Dimensional Camera Software (Can-
field Scientific Inc., Fairfield, NJ, USA) was used for all patient 
photographs and projection analysis. The validity and reliability 
of 3D breast imaging for human subjects has been confirmed by 

(A) Use of three-dimensional software to highlight the breast form and calculate projection. (B) 1, calculated right nipple (point of maximal pro-
jection); 2, right inframammary fold; 3, convergence of left and right inframammary folds; 4, sternal notch. (C) Projection is the distance between 
A and B. In this representative postoperative photograph, projection is 40.8-mm. A, chest wall; B, point of maximal projection. 

Fig. 1. Calculation of projection in three-dimensional photographs
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Percent change in breast projection from final tissue expander ex-
pansion to last postoperative visit following implant placement.

Fig. 3. Percent change in breast projection

10

0

-10

-20

-30

-40

-50

(%)

Breast

-22.29

-8.25

-39.60

-11.15

-33.17

-19.13

1.14

6.08

-8.97

-24.95

-43.40

-13.19

-22.37

-6.30

Change in projection

1 2 3 4 5 7 8 10 11 12 13 146 9

several authors [10-12]. The software was used to highlight the 
entire breast form to allow for subsequent isolation of the chest 
wall from the overlying breast tissue (Fig. 1A). Landmarks were 
manually placed at the point of maximal projection, the IMF, 
the convergence of the left and right IMF, and the sternal notch. 
Projection was defined as the distance from the chest wall to the 
point of maximal projection of the breast form in millimeters 
(Fig. 1B, C). Percent change was normalized to measurements 
recorded at final tissue expander expansion. Additional 3D lin-
ear measurements included nipple to IMF distance (mm) and 
sternal notch to nipple distance (mm). Image analysis was per-
formed independently by two members of the Division of Plas-
tic and Reconstructive Surgery with the average of their calcula-
tions used as final results. 

RESULTS

Fourteen breasts from 12 patients were included in the final anal-
ysis. The average age of the participants was 56.5 years. The av-
erage BMI was 28.0. Hypertension was the most common co-
morbidity in the cohort (41.67%), followed by diabetes (27.27%). 
None of the patients received preoperative radiation, and a quar-
ter of the participants underwent postoperative radiation. Medi-
an time from tissue expander placement to permanent implant 
exchange was 183.16 days (range, 101–377 days). Median time 
from last expansion to implant exchange was 53 days (range, 23– 
225 days). 

Analysis of 3D photographs revealed that loss of projection 
occurred in 12 of the 14 breasts at three months following im-
plant placement or beyond (Fig. 2). The percentage of projec-
tion lost in these 12 breasts ranged from 6.30% to 43.40% (mean 

Excludes 2 breasts that gained projection. Post OP, postoperative; 
POV, postoperative visit.

Fig. 4. Temporal loss of projection
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Fig. 2. Breast projection with expanders versus implants
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loss ± standard deviation, 21.04% ± 12.43%) (Fig. 3). Fig. 4 il-
lustrates the mean loss in projection over time. Representative 
photographic results are shown in Fig. 5. The two breasts with a 
gain in maximal projection had a 1.14% and 6.08% increase, re-
spectively. This correlated to an average gain of 3.61%. 

In the vertical dimension, there was a mean decrease in nipple 
to IMF distance of 2.98 ± 12.83 mm. Sternal notch to nipple dis-
tance increased by an average of 9.26 ± 18.53 mm.

DISCUSSION

Aesthetic results following breast reconstruction contribute grea
tly to patients’ overall satisfaction and quality of life [4,13]. Cur-
rently, the most commonly performed breast reconstruction is 

two-stage expander-implant reconstruction [14]. One of the 
central features of breast reconstruction aesthetics is breast pro-
jection. Loss of this projection at the completion of reconstruc-
tion is often subjectively noted by the surgeon and may be dis-
heartening and anxiety provoking for the patient after several 
months of expansion. While surgeons may discuss an anticipat-
ed loss in projection with patients, quantitative data defining the 
predicted loss is needed to enrich physician-patient dialogue 
and temper patient expectations. 

Three-dimensional photography has gained popularity for pro-
spective patient consultation by providing a personalized visual 
for patient expectations, particularly in aesthetic surgery. Over a 
decade has passed since reports of 3D imaging of the breast were 
published, yet relatively few studies have utilized this powerful 

Representative photographs demonstrating changes in breast shape over time. (A) At final expansion, projection was 54.4-mm (100%), (B) post-
implant exchange, projection 43.5-mm (83.8%), (C) 3-months postoperative projection 45.0-mm (82.8%), (D) 6-months postoperative projection 
40.8-mm (75.1%).

Fig. 5. Photographic evolution of the reconstructed breast
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tool for critical analysis of outcomes [8,11]. Kovacs et al. [9] 
used 3D imaging to evaluate postoperative volume and shape 
changes after breast augmentation. Quan et al. [15] utilized 3D 
imaging to study longitudinal changes in breast volume and 
contour after medial pedicle breast reduction. Tepper et al. [16] 
performed volumetric analysis to evaluate symmetry after uni-
lateral implant-based reconstruction with balancing procedures. 
Ours is the first study to analyze breast projection in two-stage 
implant-based reconstruction in a prospective manner using 3D 
imaging tools.

Notably, our analysis revealed that a majority of patients (12 
out of 14 breasts) suffered from an average loss of projection of 
nearly one-quarter of the projection achieved at final tissue ex-
pander expansion. This single objective finding raises several 
practical questions: Should tissues be over-expanded in antici-
pation of projection loss? Is there an optimal expansion sched-
ule to minimize projection changes? What is the efficacy of new 
technological refinements such as higher profile implants or ex-
panders [17,18] or acellular dermal matrix to preserve projec-
tion? Currently, there is a paucity of quantitative data regarding 
projection after tissue expander reconstruction to clearly guide 
our clinical decision-making. We propose that these questions 
may uniquely be addressed through prospective, longitudinal 
studies utilizing objective photographic methods presented here-
in. Despite the intellectual curiosities raised, our findings pro-
vide valuable data for patient counseling and expectation man-
agement.

Loss of projection may be attributed to tissue retraction, given 
the viscoelastic properties of skin and the biomechanical princi-
ples of tissue expansion. 3D studies of projection gain after breast 

Table 1. Patient information (per breast)

Breast Postoperative 
radiation

CPX expander 
profile

Implant  
profile

Days until 
exchange

Change in 
projection (%)

Operative 
techniquea)

  1 No Tall height High 323 22.29 Submuscularb)

  2 No Medium height Moderate plus 134 8.25 Submuscular
  3 Yes Medium height Moderate plus 303 39.60 Submuscularb)

  4 No Medium height Moderate plus 124 11.15 Submuscularb)

  5 No Medium height Moderate plus 124 33.17 Submuscular
  6 No Tall height High 101 1.14 Submuscular
  7 No Medium height Moderate plus 240 19.13 Submuscular
  8 No Medium height Moderate plus 127 8.97 Submuscular
  9 No Medium height Moderate plus 127 6.08 Submuscular
10 No Medium height Moderate plus 133 24.95 Submuscularb)

11 Yes Medium height Moderate plus 111 43.40 Submuscularb)

12 No Medium height Moderate plus 117 13.19 Submuscular
13 No Medium height Moderate plus 132 22.37 Submuscularb)

14 No Medium height Moderate plus 377 6.30 Submuscular

   CPX, Contour Profile tissue expander. 
   a)None of the cases required acellular dermis placement; b)Capsulotomy performed at time of implant placement. 

augmentation have demonstrated on average 20% less gain than 
expected based on implant dimensions [9,19], perhaps high-
lighting the impact of inherent tissue forces on the overall pro-
jection achieved. Given the difference in rigidity between the 
tissue expander and a permanent implant, outward resistance to 
tissue retraction decreased and contributed to loss of projection. 
Postoperative fibrotic changes, due to adjuvant radiation or cap-
sular contracture, likely also contribute to loss of projection. An-
ecdotally, the two breasts with the greatest loss of projection re-
ceived adjuvant radiation therapy; however, our analysis does 
not provide authoritative data to confirm or dispute the effect of 
radiation. 

Moreover, creep, the stretching of a material under a constant 
tension over time, and related stress relaxation, the decrease in 
internal stresses due to a constant stretch occurs to a greater ex-
tent when tissue expansion is maintained for longer periods [20]. 
It is during this relaxation period that histologic and biochemi-
cal changes occur, including epithelial proliferation, collagen 
synthesis, and recovery from expansion-induced tissue ischemia 
[21]. Experimentally, it has been shown that there is no differ-
ence between rapid tissue expansion and slower expansion, but 
rather it is the maintenance period—the period for which the 
tissue is held at a certain strain—that affects final tissue surface 
area [22,23]. In our study, the median maintenance period be-
tween the last expansion and surgery was 53 days. Clinically, the 
expansion schedule is often patient-driven, influenced by patient 
comfort and acceptance of overall reconstruction time; howev-
er, it is important to be cognizant of the underlying mechanisms 
of expansion, as they may affect final outcomes. 

Downward displacement of the implant similar to “bottoming 
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out” may also contribute to loss of projection. This could be more 
likely in cases where capsultomies were performed, as noted in 
six of the 14 breasts (Table 1). “Bottoming out” is not an infre-
quent occurrence with mastopexy and reduction mammoplasty 
and has been observed with implant displacement in augmenta-
tion mammoplasty [24,25]. Vegas and Martin Del Yerro [23] 
discussed the mechanics of materials as applied to breast aug-
mentation, and suggested that in the high-compliance, low-stiff-
ness breast, or perhaps in an older mastectomy patient, creep 
deformation and a bottoming out deformity were likely out-
comes if a large implant was used. Using 3D photographic track-
ing, Quan et al. [15] reported that a 6% migration of breast pa-
renchyma from the upper to lower pole was associated with a 
10.6-mm loss of projection after reduction mammaplasty. In our 
series, there was a trend towards vertical descent of the maximal 
point of projection. 

Our data has substantiated the putative loss of projection pre-
viously associated with expander-implant breast reconstruction. 
The two breasts with a reported increase in projection were ex-
ceptions to this trend. One explanation for the noted increase 
may have been that the tissue expanders were compressed in 
some manner during the final expansion picture, leading to slight-
ly lower projection values. Additionally, a larger implant than 
initially anticipated may have been inserted due to patient pref-
erence and an accommodating tissue pocket. 

While this study provides much needed quantitative data on 
breast projection after expander-implant reconstruction, there 
are limitations to this investigation. First, we utilized a small pa-
tient population. The data presented in this study therefore serves 
as a foundation for future larger studies. Second, projection mea-
surements may have been subject to human error although pre-
vious studies have reported good inter-rater reliability [10]. Last-
ly, we instituted a minimum follow-up period of three months 
for inclusion in the projection analysis. Long term outcomes 
from prosthetic reconstruction, including capsular contracture 
and malposition, will be captured in a future extrapolated analy-
sis and reported in follow up studies. 

This study serves as the first prospective, systematic analysis of 
temporal changes in breast projection during expander-implant 
reconstruction. Our results reveal that a majority of breasts suf-
fered a loss of projection by three months after implant place-
ment. This analysis will help reconstructive surgeons with pa-
tient education and more effectively manage patient expecta-
tions. Furthermore, our methodology provides a foundation for 
future objective studies of the breast form.
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