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Breast reconstruction and augmentation plays an important role in 
the field of plastic surgery. The procedure can help a woman feel 

complete, and can re-establish her emotional balance and self-esteem 
after suffering through a horrifying battle. Breast augmentation is one of 
the five most common procedures performed by plastic surgeons (1). 
Women undergo this procedure for mainly two reasons: bilateral hypopla-
sia of the breast or asymmetry of the breasts due to breast reconstruction 

of the contralateral side as a consequence of cancer surgery. In both 
situations, it is most important to try to meet the patient’s expectations 
and to create two symmetrical breasts. In previous years, breast recon-
struction and augmentation has relied on the surgeon’s subjective 
appreciation of breast tissue characteristics matched with technique 
and knowledge of wound healing to achieve an aesthetically pleasing 
result. Currently, three-dimensional digital analysis offers the ability to 
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BACkGRound: Prediction of soft tissue contribution to the shape, vol-
ume and texture of the augmented breast proves to be an ever-challenging, 
uncontrollable variable. Similarly, the understanding of the contribution of 
breast density in breast augmentation has been elusive and, generally, not 
well studied. 
oBJECTIVE: With the aid of three-dimensional photographic analysis, 
the present preliminary study examined the contribution of differing breast 
densities to the overall volume of the augmented breast.
METHodS: All patients undergoing primary augmentation over a six-month 
period were included in the study. To standardize technique and implant 
type, all patients received saline-filled moderate-profile implants, which 
were placed partially underneath the pectoralis muscle through a lower pole 
approach. Photographic analysis of the breast volume was completed preop-
eratively and, subsequently, at a minimum of six months postoperatively. 
Preoperatively, each breast was also assigned to one of four classes of increas-
ing mammographic density, as judged by the mammographic radiologist 
(fatty, moderately dense, heterogeneously dense and extremely dense). 
Postoperative breast volumes were, subsequently, correlated to mammo-
graphic densities.
RESulTS: Thirty-eight augmented breasts in 21 patients were examined. 
The average volume gain based on the implant size used was 92.7%. 
Heterogeneously dense breasts comprised 68% of the total breasts and 
showed an average volume gain of 100.67%, extremely dense breasts com-
prised 26% of the total breasts and showed an average volume gain of 
97.3%, and moderately dense breasts comprised 5% of the total breasts 
with an average gain of 100.04%. There was no significant difference 
between the augmented breast volumes and the respective expected vol-
umes (combined preaugmented breast volumes and implant volumes; 
P=0.3483). Additionally, no statistical difference was found between the 
density classes and the expected augmented volumes.
ConCluSIon: No statistical difference was found between expected 
and actual augmented breast volumes among or between four different 
breast density classes. Thus, one would expect that the soft tissue compres-
sion or the response of the impression of the implant on the parenchyma, 
would not be statistically different among classes. Additionally, compres-
sive atrophy, as seen with atrophy of the breasts over time, would be 
expected to be multifactorial and not uniquely independent to breast den-
sity. However, longitudinal analysis is needed to study the durability of 
breast shape relative to breast density.
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l’apport de la densité mammaire au volume des 
seins augmentés : une étude préliminaire

HISToRIQuE : La prédiction de l’apport des tissus mous à la forme, au 
volume et à la texture des seins augmentés constitue une variable 
incontrôlable toujours difficile à évaluer. De même, il est difficile de 
comprendre l’apport de la densité mammaire à l’augmentation du volume 
des seins et, en général, ce phénomène a mal été étudié.
oBJECTIF : À l’aide d’une analyse photographique tridimensionnelle, la 
présente étude préliminaire a permis d’examiner l’apport des diverses 
densités mammaires au volume global des seins augmentés.
MÉTHodoloGIE : Toutes les patientes qui ont subi une augmentation 
primaire pendant une période de six mois ont participé à l’étude. Pour 
standardiser la technique et le type d’implant, toutes les patientes ont reçu 
des implants remplis de solution saline à profil modéré, partiellement 
placés sous le muscle pectoral au moyen d’une approche par pôle inférieur. 
Les chercheurs ont terminé l’analyse photographique du volume mammaire 
avant l’opération, puis au plus tôt six mois après l’opération. Avant 
l’opération, chaque sein se voyait attribuer l’une des quatre catégories 
croissantes de densité mammographique, selon l’évaluation d’un radiologiste 
mammographique (gras, densité modérée, densité hétérogène et densité 
extrême). Les volumes des seins après l’opération ont ensuite été corrélés 
aux densités mammographiques.
RÉSulTATS : Les chercheurs ont examiné 38 seins augmentés chez 
21 patientes. L’augmentation du volume moyen sur la dimension de 
l’implant utilisé était de 92,7 %. Les seins à la densité hétérogène 
représentaient 68 % des seins totaux et présentaient un gain moyen de 
volume de 100,67 %, les seins à la densité extrême représentaient 26 % des 
seins totaux et présentaient un gain de volume moyen de 97,3 % et les seins 
à la densité modérée représentaient 5 % des seins totaux, et présentaient 
un grain moyen de volume de 100,04 %. Les chercheurs n’ont constaté 
aucune différence significative entre le volume des seins augmentés et le 
volume respectif prévu (volume combiné des seins avant l’augmentation et 
volume des implants; P=0,3483). De plus, ils n’ont remarqué aucune 
différence statistique entre les catégories de densité et le volume 
d’augmentation prévu.
ConCluSIon : Les chercheurs n’ont découvert aucune différence 
statistique entre le volume prévu et réel des seins augmentés entre quatre 
catégories de densité mammaire. Ainsi, on penserait que la compression 
des tissus mous ou l’impression de l’implant sur le parenchyme n’est pas 
statistiquement significative entre les catégories. De plus, on s’attendrait 
que l’atrophie compressive observée par l’atrophie des seins au fil du temps 
soit multifactorielle et ne dépende pas seulement de la densité mammaire. 
Cependant, il faudrait une analyse longitudinale pour étudier la durabilité 
de la forme des seins par rapport à leur densité.
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objectively define anatomical subtleties to refine surgical technique 
through its capacity to calculate breast volume, surface area, shape, size 
and contour (2).

Baseline volume data can be objectively collected before deciding on 
the correct implant size to match the cancer-free breast. To improve the 
outcome of breast augmentation, factors such as patient age and breast 
density on mammogram must be evaluated. The purpose of the present 
study was to objectively measure the truly created breast volume (using 
three-dimensional photography) and compare it with the implant size 
used for augmentation; furthermore, the study compared the results with 
breast density on mammogram. The resulting volume and the actual 
implant size used for augmentation were subsequently compared with 
breast density on mammogram. The hypothesis was that a younger, 
more dense breast results in compression of the breast implant and, 
therefore, leads to smaller true breast volumes when compared with the 
implant size.

PATIEnTS And METHodS
The present institutional review board-approved retrospective study 
describes the use of three-dimensional photography (3dMDtorso, 
3dMD, USA) for analysis of the augmented breast.

The 3dMDtorso system is a 12-camera system that is based on the 
principles of stereophotogrammetry to be able to capture the patient’s 
image in 1.5 ms and to generate a highly precise, digital three-
dimensional model of the human anatomy (Figures 1 and 2).

A series of patients at the Illinois Plastic Surgery Center (USA) 
who had undergone breast augmentation over a six-month period for 
either bilateral hypoplasia or unilateral augmentation for symmetry 
were chosen. Twenty-one patients representing a total number of 
38 breasts were evaluated. Augmentation for breast hypoplasia was 
performed in 17 cases, and for symmetry reasons in four cases. 
Preoperative, informed patient consents for the procedure and photog-
raphy were obtained. To qualify for the study, the patients needed to 
have had a three-dimensional photograph taken both before and at a 
minimum of six months postoperatively using the 3dMD technology. 

The breast volumes were measured pre- and postoperatively using a 
Coons patch.

Four different points on the patients’ torsos were chosen for calcu-
lation purposes, and these same points were used in every patient: 
sternal notch, crossing of the anterior axillary line and pectoralis 
muscle, crossing of the anterior axillary line and horizontal line 
beneath the breast, and crossing of the midline torso and horizontal 
line beneath the breast (Figure 1). The 3dMDtorso system calculated 
the volume of the breast. The authors were unable to place the point 
at the exact same pixel on the screen; therefore, the error in measure-
ment was accounted for by calculating the mean of three measure-
ments per breast. Pre- and postoperative volumes were compared and 
the difference was calculated. The calculated volume difference was 
converted to percentage of volume gain, relative to the implant size, 
which was 100%. The results were compared with breast density 
obtained by mammogram.

Statistical analysis was performed using a paired t test (Graphed 
Quick Cals, Graphed Software Inc, USA).

RESulTS
Thirty-eight breasts of 21 women (average age 38.2 years [range 19 to 
58 years]) were transformed into three-dimensional images. The mean 
implant size used was 305.79 mL. The mean volume difference meas-
ured was 282.96 mL. The mean volume gain was 92.7% (range 58.7% 
to 130.2%) (Table 1).

With regard to breast density on the mammogram, all breasts were 
classified as dense. Heterogeneously dense breasts comprised 68% of the 
total breasts and showed an average volume gain of 100.67%, extremely 
dense breasts comprised 26% of the total breasts and showed an average 
volume gain of 97.3%, and moderately dense breasts comprised 5% of 
the total breasts with an average gain of 100.04%.

There was no significant difference between the augmented breast 
volumes and the respective expected volumes (combined preaugmented 

Figure 1) Preoperative breast image with 3dMDtorso (3dMD, USA) 
reconstruction. The outlined area represents the Coons patch used to calcu-
late volume. The four corners represent the sternal notch, crossing of the 
anterior axillary line and pectoralis muscle, crossing of the anterior axillary 
line and horizontal line beneath the breast, and crossing of the midline torso 
and horizontal line beneath the breast

Figure 2) Postoperative breast image with 3dMDtorso (3dMD, USA)  
reconstruction. The outlined area represents the Coons patch used to calcu-
late volume. The four corners represent the sternal notch, crossing of the 
anterior axillary line and pectoralis muscle, crossing of the anterior axillary 
line and horizontal line beneath the breast, and crossing of the midline torso 
and horizontal line beneath the breast
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breast volumes and implant volumes) (P=0.3483). No statistical differ-
ence was found between the density classes and the expected augmented 
volumes.

dISCuSSIon
Breast augmentation is one of the most commonly performed proced-
ures in the field of plastic surgery, with the breast being the universal 
symbol of femininity and sexuality. Obtaining symmetrical breast size  
and the proper postoperative volume for the patient is of the upmost 
importance in breast surgery. However, no universally accepted 
method for calculating breast volumes exists.

Determining the volume and implant size needed for unilateral aug-
mentation after breast reconstruction of the contralateral side or the 
most aesthetically pleasing volume in bilateral augmentation is critical. 
Tebbets (3) proposed his TEPID system to evaluate individual tissue 

characteristics to determine the size of implant that would give the most 
aesthetically pleasing breast. This system addresses the tissue character-
istics (T) of the envelope (E), the parenchyma (P), and the implant (I), 
and the dynamics (D) of the implant and filler distribution that affects 
the soft tissue (3). This system was revised in 2005 with the high five 
support process, which allowed all preoperative planning to be accom-
plished in 5 min (4). The first decision is optimal soft tissue coverage/
pocket location of the implant, which eliminates future risk of rippling, 
and visible or palpable edges. Second is the implant volume, which 
takes into account the effect on the tissue over time, resulting in rippling 
or ptosis over time. Third is the implant size, type and dimensions, 
which control the distribution of the implant within the breast. Fourth 
is consideration for the optimal location of the inframammary fold, 
which is based on the width of the implant chosen for augmentation. 
This dimension is critical to the aesthetic relationship between the 

Table 1
Preoperative (preop) and postoperative (postop) breast volume, volume gained and the volume of breast implant used

Patient breast age, years Density
Preop volume,  

ml
Postop volume, 

ml
Volume difference, 

ml
Implant volume,  

ml 
Volume gain,  

%
1 1 39 hd 104.26 482.54 378.28 400 94.57

2 39 hd 115.81 520.67 404.86 400 101.22

2 3 27 hd 142.46 485.67 343.21 340 100.94
4 27 hd 150.91 479.89 328.98 330 99.69

3 5 44 hd 327.19 522.49 195.30 150 130.20
4 6 56 hd 175.15 349.61 174.46 150 116.31
5 7 58 hd 194.12 430.19 236.07 200 118.03
6 8 47 hd 168.13 441.07 272.94 215 126.95
7 9 27 ed 203.18 632.67 429.49 400 107.37

10 27 ed 202.68 610.60 407.92 400 101.98
8 11 19 hd 299.90 431.85 131.94 200 65.97

12 19 hd 329.24 429.09 99.85 170 58.73
9 13 36 hd 279.91 617.42 337.52 300 112.51

14 36 hd 257.22 621.37 364.15 300 121.38
10 15 29 md 262.59 628.80 366.21 375 97.66

16 29 md 268.93 652.98 384.06 375 102.42
11 17 20 ed 198.95 541.41 342.46 300 114.15

18 20 ed 165.05 494.18 329.13 315 104.49
12 19 36 hd 308.67 730.82 422.15 375 112.57

20 36 hd 321.36 729.57 408.21 375 108.86
13 21 27 ed 371.10 679.72 308.62 300 102.87

22 27 ed 306.45 659.42 352.97 325 108.61
14 23 35 hd 252.95 560.60 307.65 300 102.55

24 35 hd 231.53 561.65 330.12 300 110.04
15 25 37 hd 269.46 631.00 361.54 375 96.411

26 37 hd 315.57 642.11 326.54 350 93.297
16 27 34 hd 279.87 600.00 320.13 315 101.630

28 34 hd 286.27 593.27 307.00 320 95.938
17 29 27 ed 345.25 645.00 299.75 300 99.917

30 27 ed 318.08 664.00 345.92 325 106.440
18 31 40 hd 232.42 505.12 272.7 275 99.164

32 40 hd 253.91 494.49 240.58 275 87.484
19 33 39 hd 206.51 431.17 224.66 200 112.330

34 39 hd 314.90 488.91 174.01 200 87.005
20 35 25 hd 122.35 436.35 314.00 360 87.222

36 25 hd 134.83 411.37 276.54 360 76.817
21 37 26 ed 95.60 314.76 219.16 335 65.421

38 26 ed 113.12 320.11 206.99 335 61.788
Mean, n 282.96 305.79 92.720

‘Volume gain, %’ is a measurement of the postop volume observed divided by volume expected and multiplied by 100 to convert to a percentage. Density represents 
the observed mammographic density. ed Extremely dense; hd Heterogeneously dense; md Moderately dense
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breast width and nipple-to-fold distance, and distribution of fill. Finally, 
the fifth decision is incision location. Using this system, Tebbets and 
Adams (4) reported a reoperation rate of 3% at seven-year follow-up.

The evaluation of reoperative breast volume up to this point was 
subjective or dependent on two-dimensional photographs, photographic 
stereograms (such as magnetic resonance imaging [MRI], computed 
tomography and ultrasound) or traditional anthropomorphic measure-
ments (5) (such as the Archimedean water displacement method [6], 
plaster molds and mammograms). These methods are all limited in 
evaluating the shape, volume and symmetry of the breast.

In contrast, three-dimensional imaging provides a better spatial 
understanding of anatomical structures to be treated, which can lead 
to improvement in planning treatment and surgical approach. The 
3dMD system has been shown to produce consistent, reproducible, 
observer-independent, accurate results (7) without exposing the 
patient to radiation (2). It is also minimally invasive, fast and prac-
tical, and causes no breast deformity or pain to the patient. Three-
dimensional imaging is currently being used for objective evaluation 
of breast asymmetry (7) because of its ability to quantify breast size 
and shape, surface area, volume, contour and surface measurement. It 
is a technology that is revolutionizing the way we plan and document 
procedures, and can possibly lead to an improvement for better 
communication.

The accuracy of three-dimensional surface imaging was tested by 
Kovacs et al (8) in 2006 when they compared the precision and 
accuracy of three-dimensional scanning with MRI (8). Five independ-
ent observers measured the volume of six test subjects using a three-
dimensional scanning system, and these volumes were compared 
with those using MRI. It was found that the volume obtained using 
three-dimensional surface imaging correlated with MRI measure-
ments. An additional study by Kovacs et al (9) in 2007 compared 
three-dimensional scanning with other classical methods to assess 
volume. Repeated breast volume measurement was performed using a 

three-dimensional laser scanner, nuclear MRI, thermoplastic cast-
ings and anthropomorphic measurements. When comparing these 
volumes, it was found that three-dimensional scanning measurement 
showed the best agreement with MRI compared with the others (9). 
These studies further validate this method as a quick, cost-effective 
and accurate alternative to MRI in volume assessment for breast 
surgery.

The technical feasibility and clinical utility of three-dimensional 
geometric data were demonstrated by Tepper et al (10) by obtaining 
three-dimensional scans for patients undergoing short-scar medial 
pedicle breast reduction. Both pre- and postoperative three-
dimensional models were obtained for 30 patients. These models 
demonstrated that a significant change in tissue percentage was 
located above the inframammary fold postoperatively (76%) com-
pared with preoperatively (45%) (10).

Overall, three-dimensional photography is safe (no exposure to 
radiation), simple (12 cameras taking one picture simultaneously), 
convenient (no special room necessary), easy (can be operated by 
clinical staff) and noninvasive; it can truly become a valuable instru-
ment in breast surgery procedures. Additional studies are necessary to 
assess its value in both reconstructive and aesthetic breast surgery; 
however, early results are promising.

ConCluSIon
No statistical difference was found between expected and actual aug-
mented breast volumes among or between four different breast density 
classes. Thus, one would expect that the soft tissue compression or the 
response of the impression of the implant on the parenchyma would 
not be statistically different among classes. Additionally, compressive 
atrophy, as seen with atrophy of the breasts over time, would be 
expected to be multifactorial and not uniquely independent to breast 
density. However, longitudinal analysis will be needed to study the 
durability of breast shape relative to breast density.
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