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Abstract

Background Breast implants may be responsible for sec-

ondary deformities produced by parenchymal atrophy.

However, few studies in the literature have reported

changes in breast tissue after augmentation surgery. In this

study, the breast thickness of patients undergoing breast

augmentation was monitored by ultrasound, and correla-

tions with surface, volume and projection measurements

were examined.

Methods We studied the parenchymal thickness at the

lower pole of the breast with ultrasound in 36 women (72

breasts). In another group of 33 patients (66 breasts), we

studied the thickness at the upper and lower poles along the

meridian of each breast by ultrasound and measured the

anthropometric metrics, volume and projection of the

breast with a 3D camera.

Results Midline measurements close to the areola showed

reduced thickness at the lower pole, with 31.8% at the

midpoint of the lower pole and 42% at the infra-areolar

level (p\ 0.0001). At the upper pole, there was a decrease

of 14.6% (p\ 0.001), but the thickness was increased by

6% and 38% at more cranial levels. No correlations with

volume were found. Anatomical implants produced more

atrophy at the lower pole, and round implants at the upper

pole. More atrophy was found with subfascial than sub-

muscular augmentation. Compared with the expected val-

ues, the final volume was very similar, but the projection

was 29% less. Surface measurements changed significantly

up to 4 months postoperatively and remained

stable thereafter.

Conclusions Implants affect significatively the thickness

of the glandular tissue. All changes occur very soon post-

operatively but stabilize after 4 months.

Level of Evidence IV This journal requires that authors

assign a level of evidence to each article. For a full

description of these Evidence-Based Medicine ratings,

please refer to the Table of Contents or the online

Instructions to Authors www.springer.com/00266.

Keywords Breast augmentation � Breast implants � Breast
atrophy � Ultrasonography � 3D

Introduction

In our experience, it is not unusual to encounter a patient

who has lost volume after breast augmentation. However,

in our daily practice, we also observe changes in the lower

pole of the breast during the months following the opera-

tion, and it is believed that breast implants can cause tissue

atrophy [1]. Tebbets [2] established that the optimal use of

any implant requires an understanding of the characteristics

of the device, the dynamics of the tissues and the surgical

techniques that maximize the advantages and reduce the

disadvantages of each implant.

Vegas and Del Yerro [3] theorized that breast defor-

mation in the context o f implants is related to the vis-

coelastic properties of the tissues and their responses to

compression and loading, but no objective measurements

were provided in the study. Recently, Roxo et al. [4–6]

demonstrated with magnetic resonance imaging (MRI) that

submuscular augmentation with high-profile, round

implants reduced the volume of the major pectoral muscle,
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while subglandular implantation caused a decrease in the

glandular tissue.

Ultrasound is an extraordinarily useful tool in breast

implantation [7, 8]. Additionally, ultrasound is an inex-

pensive and accessible technique. However, although vol-

ume cannot be measured by ultrasound, the tissue thickness

can be evaluated.

This study of patients undergoing breast augmentation

consisted of two phases. In our practice, we have observed

that during the postoperative period, a relaxation of the

lower pole occurs, resulting in increased convexity in most

patients undergoing breast augmentation. Additionally,

some sagging of the implant seems to occur, especially

with anatomical implants. We aimed to determine whether

this phenomenon could be due to atrophy of the gland and

whether a relationship exists with the volume of the

implant. Therefore, we examined the thickness of the

glandular tissue at the lower pole. After obtaining the

preliminary results of this study, we measured the thickness

of the glandular tissue at both the upper and lower poles in

a second group of patients, and the surface measurements,

volume and projection of the breast were also examined

and analysed for correlations with changes in the

parenchymal thickness, the implant type and anatomical

position.

Materials and Methods

For the echographic study, a Mindray ultrasound device

(Mindray, China) with a 4-cm-long, 10-MHz transducer

was used. For the volumetric study, an Artec Eva camera

(Artec, Luxembourg) was used.

This work was carried out in two phases: the first

included 36 consecutive patients (72 breasts) who under-

went breast augmentation with implants; in these patients,

the degree of atrophy of the subcutaneous tissue along the

midline of the lower pole was studied with ultrasound. In

the second phase, 33 patients (66 breasts) were included,

and the thickness of the glandular tissue was measured

along the midline of both the lower and upper poles with

ultrasound; the recordings were captured using a 3D

camera. The study conformed to the Declaration of

Helsinki.

In the echographic study, the midpoint and both ends of

the transducer were used as references. Thickness mea-

surements (from the muscular or thoracic fascia to the

dermis) were collected at four levels: beside the areola

(point 3 at the lower pole and point 4 at the upper pole), at

the midpoint (points 2 and 5 at the lower and upper poles,

respectively), close to the inframammary fold (point 1) and

the most cranial point at the upper pole (point 6) (Fig. 1).

In the 3D study, the volume and the geodesic distances

on the surface from the sternal notch to the nipple (SN-Ni),

the nipple to the inframammary fold (Ni-IMF), between the

nipples (Ni-Ni) and straight from the nipple to the infra-

mammary fold were measured (NI-IMF L) (Fig. 2).

The expected final volume (breast volume ? implant

volume) and the expected final projection (breast projec-

tion ? implant projection) were calculated to determine

the final variation between these values and the real values

at 12 months.

In all cases, preoperative and postoperative measure-

ments were collected at 1 month, 4 months and 12 months.

For statistical purposes, all the data corresponding to

measurements of the lower pole were pooled from a total of

69 patients (138 breasts).

Statistical analysis was performed using SPSS 19.0

software (Armonk, NY, IBM Corporation), with a signifi-

cance level of p\ 0.05 (alpha, 5%). Student’s test was

performed to compare the means and Pearson’s correlation

was used to assess relationships between the variables.

Fig. 1 Points of measurement. At the lower pole, 1, 2, and 3

correspond to caudal, medial, and cranial (areolar) measurements. At

the upper pole, 4, 5 and 6 correspond to caudal (areolar), medial and

cranial measurements. Points 3 and 4 correspond to the juxta-areolar

level, points 2 and 5 correspond to the medial measurements, and

points 1 and 6 correspond to further measurements of the areola

(caudal at the lower pole, cranial at the upper pole)
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Results

Lower Pole

The group consisted of 69 patients (138 breasts). The

average patient age was 30.5 years (20–50). The average

body mass index (BMI) was 20 (16.5–29).

The mean implant volume was 325 cc (210–480).

Anatomical implants were used in 106 breasts (76.8%), and

round implants were used in the remaining breasts (32

breasts, 23.2%). The mean volume and projection for the

anatomical implants were 324.4 cc (210–480) and 5.18 cm

(3.8–6.7), and the corresponding values were 323 cc

(220–430) and 4.36 cm (3–5.4) for round implants.

For the anatomical implants, the following profiles were

used: an extra-high profile in 22 breasts (20.8%), a high

profile in 66 breasts (62.3%), a moderate profile in 17

breasts (16%) and a low profile in 1 case (0.9%). Polytech

was used in 44 breasts (41.5%), Allergan was used in 24

breasts (22.6%), Mentor was used in 18 breasts (17%),

Eurosilicone was used in 10 breasts (9.4%), Sebbin was

used in 8 breasts (7.5%), and B-lite was used in 2 breasts

(1.9%).

For round implants, the following profiles were used: an

extra-high profile in 2 breasts (6.7%), a high profile in 10

breasts (33.3%), a moderate profile in 17 breasts (56.7%)

and a low profile in 1 breast (3.3%). Polytech was used in

12 breasts (37.5%), Mentor was used in 6 breasts (18.8%),

Allergan was used in 6 breasts (18.8%), Sebbin was used in

6 breasts (18.8%) and Nagor was used in 2 breasts (6.3%).

The areolar, axillary and inframammary approach was

used in 18 (13.05%), 102 (73.9%) and 18 (13.05%) breasts,

respectively. The augmentation was subfascial in 40

breasts (29%), submuscular in 80 breasts (58%) and dual-

plane type II or III in 18 breasts (13%).

Thickness at Point 1: Caudal

The mean preoperative thickness was 0.58 cm (0.12–1.6).

At 1, 4 and 12 months postoperatively, the mean thickness

was 0.63 cm (0.17–1.71), 0.55 cm (0.19–1.55) and

0.53 cm (0.17–1.40), respectively (Fig. 3).

The difference in thickness between the preoperative

and 12-month postoperative values was - 0.045 cm ±

0.26 cm (- 7.8%), which was not significant (p = 0.15).

There was an increase in thickness at 1 month postop-

eratively, which decreased significantly at 4 months post-

operatively (p\ 0.05) and stabilized thereafter.

Fig. 2 Surface measurements,

preoperative and postoperative

Fig. 3 Caudal thickness at the lower pole, near the inframammary

fold (point 1). The change in thickness between 1 and 4 months

postoperatively was significant at p\ 0.05
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Thickness at Point 2: Midpoint of the Lower Pole

The mean preoperative thickness was 0.97 cm (0.31–1.95).

At 1, 4 and 12 months postoperatively, the mean thickness

was 0.83 cm (0.22–1.81), 0.69 cm (0.23–1.96) and

0.66 cm (0.26–1.73), respectively (Fig. 4).

The difference in thickness between the preoperative

and 12-month postoperative values was - 0.3 ± 0.3 cm

(- 31.85%), which was significant at p\ 0.0001.

The reduction in thickness at 1 month postoperatively

was significant (- 0.14 cm, p\ 0.0001), and this atrophy

continued until 4 months (- 0.14 cm, p\ 0.0001); no

significant differences in thickness were found between 4

and 12 months postoperatively (p = 0.45).

Thickness at Point 3: Areolar

The mean preoperative thickness was 1.3 cm (0.22–2.40).

At 1, 4 and 12 months postoperatively, the mean thickness

was 0.97 cm (0.29–2.15), 0.77 cm (0.24–2.17) and

0.77 cm (0.24–2.01), respectively (Fig. 5).

The difference in thickness between the preoperative

and 12-month values was - 0.56 ± 0.37 cm (a reduction

of 42.4%), which was significant at p\ 0.0001.

At this level, the gland thickness was reduced by

- 0.36 cm (p\ 0.0001) at 1 month postoperatively. At

4 months, the thickness was further reduced by 0.19 cm
(p\ 0.0001), and no significant changes occurred there-

after (p = 0.8).

Relationship Between Tissue Thickness and Implant

Volume, Projection or Implant Shape

No apparent relationships were observed between atrophy

of the glandular tissue and implant volume or projection

(profile category: extra-high, high and moderate).

Fig. 4 Medial thickness at the lower pole (point 2). The changes in

thickness from baseline to 1 month postoperatively, 1–4 months

postoperatively and baseline to 12 months postoperatively were

significant at p\ 0.0001

Fig. 5 Areolar (point 3) thickness at the lower pole. The changes in

thickness from baseline to 1 month postoperatively, 1–4 months

postoperatively and baseline to 12 months postoperatively were

significant at p\ 0.0001

Fig. 6 Influence of the implant shape on the thickness of the gland at

the lower and upper poles of the breast
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Anatomical implants caused significantly more atrophy

than round implants at the lower pole (Fig. 6) at all levels:

p = 0.02 at the caudal level (point 1, p\ 0.05); p = 0.001

at the medial level (point 2, p\ 0.05); and p = 0.007

(p\ 0.05) at the areolar level (point 3). Atrophy at point 3

was greater for anatomical implants than for round

implants for the high profile (p\ 0.001) and moderate

profile (p\ 0.05).

No correlation was found between the brand of the

implant and the differences in thickness, and no significant

differences were observed between the brands for the same

profile.

Relationship of Tissue Thickness with Implant Volume

and BMI

The BMI showed no significant correlation with the

implant volume or the thickness at the caudal (point 1) and

medial (point 2) levels. However, the BMI was signifi-

cantly correlated with the areolar thickness (point 3)

(R2 = 0.07, p = 0.007, p\ 0.05); a higher BMI resulted in

a lower reduction in thickness.

Relationship of Tissue Thickness with Implant Shape

and Position

Generally, subfascial placement produced more atrophy

than submuscular placement at all three levels and was

significant at the areolar (p\ 0.05) and medial levels

(p\ 0.0001) (Table 1). With submuscular placement,

round implants caused significantly less of a reduction in

the glandular thickness than anatomical implants at all

levels (all p\ 0.05).

There were no significant differences between the dif-

ferent planes of placement for round implants. For

anatomical implants, we found significant more atrophy for

subfascial placement only the areolar level (p\ 0.05)

(Table 2).

The incision was not related to changes in thickness.

Upper Pole and 3D Measurements

Thirty-three patients were included in this group (66

breasts). The mean age was 29.3 years (20–48). The mean

BMI was 19.8 (17.6–24.5). The mean implant volume and

projection were 325 cc (220–480) and 5 cm (3.1–6.7),

respectively.

Anatomical implants were used in 52 breasts (78.8%),

while round implants were used in 14 breasts (21.2%). The

periareolar, transaxillary and inframammary approach was

used in 12 (18%), 44 (66%) and 10 (15%) breasts. Dual-

plane, subfascial and submuscular placement was used in

two (3%), 14 (21.2%) and 50 (75.8%) breasts.

The mean preoperative volume was 135.74 cc (48–243),

and the mean preoperative projection was 3.6 cm (2.2–5).

Anatomical implants showed a mean volume of 319 cc

(220–480) and a mean projection of 5.16 cm (3.8–6.7).

Round implants showed a mean volume of 347 cc

(300–400) and a mean projection of 4.5 cm (3.1–5.4). The

expected final volume (preoperative breast volume ? im-

plant volume) was 474.40 cc (303–730). The expected final

projection (preoperative breast projection ? implant pro-

jection) was 8.6 cm (7–10.9).

For anatomical implants, an extra-high profile was used

in 13 breasts (25%), a high profile was used in 31 breasts

(59.6%) and a moderate profile was used in 8 breasts

(15.4%). Polytech was used in 26 breasts (50%), Allergan

was used in 10 breasts (19.2%), Mentor was used in 6

breasts (11.5%), Sebbin and Eurosilicone were used in 4

breasts each (7.7% each) and B-lite was used in 2 breasts

(3.8%).

For round implants, a high profile was used in 7 breasts

(50%), a moderate profile was used in 6 breasts (42.9%)

and a low profile was used in 1 breast (7.1%). Polytech,

Allergan and Sebbin were used in 4 breasts (28.6%) each,

and Nagor was used in 2 breasts (14.3%).

Thickness at Point 4: Areolar

The mean preoperative thickness was 1.43 cm (0.52–2.09).

At 1, 4 and 12 months postoperatively, the mean thickness

was 1.29 cm (0.43–1.76) (p\ 0.05 vs preoperative),

1.23 cm (0.52–1.79) (p = 0.17 vs 1 month) and 1.22 cm

(0.44–2.17) (p = 0.25, vs 4 months), respectively (Fig. 7).

The difference in thickness between the preoperative

and 12-month postoperative values was - 0.21 ± 0.34 cm

(- 14.6%), which was significant at p\ 0.001.

Table 1 Influence of plane of placement of the implant on the dif-

ferences in thickness of the lower pole of the gland

General Plane N Mean Std p

Caudal SM/DP 98 - 0.03 0.27

SF 40 - 0.11 0.25 0.1

Medial SM/DP 98 - 0.27 0.30

SF 40 - 0.44 0.31 P = 0.004, p\ 0.05

Areolar SM/DP 98 - 0.50 0.34

SF 40 - 0.76 0.44 p\ 0.0001

Subfascial placement produces more atrophy at medial and areolar

measurements
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Thickness at Point 5: Midpoint of the Upper Pole

The mean preoperative thickness was 1.1 cm (0.32–1.74).

At 1, 4 and 12 months postoperatively, the mean thickness

was 1.2 cm (0.35–1.91) (p = 0.06 vs preoperative),

1.17 cm (0.49–1.77) (p = 0.57 vs 1 month) and 1.17 cm

(0.13–1.94) (p = 0.83 vs 4 months), respectively (Fig. 8).

The difference in thickness between the preoperative

and 12-month postoperative values was 0.07 ± 0.34 mm

(? 6.2%), which was not significant (p = 0.25).

Thickness at Point 6: Cranial Upper Pole

The mean preoperative thickness was 0.79 cm (0.18–1.41).

At 1, 4 and 12 months postoperatively, the mean thickness

was 1.07 cm (0.27–1.92) (p\ 0.0001 vs preoperative),

1.07 cm (0.41–1.96) (p = 0.96 vs 1 month) and 1.09 cm

(0.49–1.80) (p = 0.7 vs 4 months), respectively (Fig. 9).

The difference in thickness between the preoperative

and 12-month postoperative values was 0.30 ± 0.31 cm

(? 38%), which was significant at p\ 0.0001.

Fig. 7 Areolar (point 4) thickness at the upper pole. The change in

thickness was only significant between baseline and 12 months

postoperatively

Table 2 Influence of shape plus plane of placement on the thickness of the gland at the lower pole

Plane N Min Max Mean Std DP versus SM DP versus SF SM versus SF

Caudal

Anatomic DP 12 - 0.56 0.45 - 0.12 0.31 p = 0.39 p = 0.9 p = 0.23

SM 56 - 0.76 0.36 - 0.05 0.24

SF 38 - 0.66 0.30 - 0.11 0.25

Round DP 6 - 0.57 0.42 - 0.07 0.39 P = 0.26 P = 0.5 p = 0.5

SM 24 - 0.44 0.80 - 0.08 0.26

SF 2 - 0.21 0.12 - 0.05 0.23

Medial

Anatomic DP 11 - 0.81 0.36 - 0.27 0.33 P = 0.48 p = 0.09 P = 0.09

SM 56 - 1.14 0.15 - 0.34 0.30

SF 38 - 1.17 0.41 - 0.45 0.32

Round DP 6 - 0.61 0.23 - 0.14 0.33 P = 0.96 P = 0.86 p = 0.56

SM 24 - 0.85 0.47 - 0.15 0.27

SF 2 - 0.28 0.25 - 0.26 0.02

Areolar

Anatomic DP 12 - 1.11 0.08 - 0.60 0.39 p = 0.8 p = 0.20 0.007 P\ 0.05

SM 56 - 1.23 0.08 - 0.57 0.30

SF 38 - 1.66 0.22 - 0.78 0.44

Round DP 6 - 0.59 0.03 - 0.27 0.22 P = 0.67 P = 0.5 p = 0.83

SM 24 - 1.14 0.29 - 0.34 0.35

SF 2 - 0.53 - 0.26 - 0.39 0.19

DP dual-plane, SF subfascial, SM submuscular
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Relationship of Tissue Thickness with Implant Volume

and Projection

Regarding the volume of the implant, at the areolar level

(point 4), a reduction in thickness occurred, but at the

medial level (point 5), an increase in thickness occurred

(p\ 0.05 at both levels). No relationships were found at

the upper (point 6) level.

Regarding the implant projection, we found a correla-

tion (p\ 0.05) with reduction in the thickness at the are-

olar (point 4) and medial (point 5) levels for round implants

and at only the areolar level (point 4) for extra-high

anatomical implants.

No differences were observed between brands and pro-

file of the implants.

Relationship Between Thickness and Implant Shape

The glandular tissue was thinner for round implants than

for anatomical implants at all levels (Fig. 6). The mean

change at the areolar level was - 0.19 cm (- 0.9 to 0.65)

for anatomical implants and - 0.25 cm (- 0.47 to 0.25)

for round implants (p\ 0.0001). At the medial level (point

5), the mean change was 0.09 cm (- 1.25 to 1.01) for

anatomical implants and - 0.036 cm (- 0.42 to 0.5) for

round implants (p\ 0.0001). At the cranial level (point 6),

the mean change was 0.31 cm (- 0.28 to 1.1) for

anatomical implants and 0.26 cm (- 0.28 to 0.83) for

round implants (p\ 0.0001).

Relationship Between Thickness and BMI

There were no significant correlations between the BMI

and tissue thickness. However, when considering the

implant volume as well, we found smaller reductions in the

tissue thickness with increasing BMI and implant volume

(p\ 0.05) at the areolar and midpoint levels.

Relationship Between Thickness and Implant Position

Subfascial placement resulted in greater reductions in

thickness at all points (4, 5 and 6) than submuscular

placement (p\ 0.05). The mean thickness at the areolar

level was - 0.16 cm (- 0.9 to 0.65) and - 0.44 cm

(- 0.36 to 0.07) for submuscular and subfascial placement,

respectively. The mean thickness at the medial level (point

5) was 0.12 cm (- 1.25 to 1) and - 0.16 cm (- 0.32 to

0.46) for submuscular and subfascial placement, respec-

tively. At the cranial level (point 6), the mean thickness

was 0.36 cm (- 0.28 to 1.1) and 0.07 cm (- 0.07 to 0.51)

for submuscular and subfascial placement, respectively.

Considering the implant shape, we did not find a sig-

nificant difference between round and anatomical implants.

However, subfascial placement produced more atrophy

than submuscular placement for anatomical implants

(p\ 0.05) (Table 3).

Fig. 8 Medial thickness at the upper pole (point 5). None of the

changes in thickness were significant

Fig. 9 Areolar thickness at the upper pole (point 6). The change in

thickness between baseline and 12 months postoperatively was

significant at p\ 0.0001
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Anthropometric Measurements

All surface measurements are compiled in Table 4. For all

measurements, a significant difference was found between

the baseline and the first month after the operation

(p\ 0.0001). No major changes occurred afterwards.

The increase in the SN-Ni distance at 12 months post-

operatively was greater for round implants (1.3 cm,

0.08–2.5) than anatomical implants (1.1 cm, - 0.34 to 2.8)

(p\ 0.001).

The difference between the theoretical (474.42 cc;

303–750) and final breast volume at 12 months postoper-

atively (473.78 cc; 288–660) was not significant (p = 0.97)

(Fig. 10). There were no significant differences between

round and anatomical implants.

The final projection (6.7 cm; 5–8) was 29% less than

expected (8.63 cm; 7–10.9) (p\ 0.0001) (Fig. 11). The

difference between the final projection at 12 months post-

operatively and the expected projection was - 1.2 cm for

round implants (- 13.8%) and - 2.1 cm for anatomical

implants (- 24.4%).

There was a positive correlation between the BMI and

SN-Ni distance (R2 = 0.56, p\ 0.0001) and a negative

correlation between the BMI and Ni-IMF distance

(R2 = - 0.24, p\ 0.05).

Influence of Implant Shape

The implant shape was not correlated with any of the

anthropometric measurements except for the final breast

volume (p = 0.044, p\ 0.05), as there was a greater gain

in breast volume at 12 months postoperatively with round

implants than with anatomical implants (398 cc vs

Table 3 Influence of shape and position of the implant on the differences of thickness between basal and 12 months

N Min Max Mean Std P SM A versus R SF A versus R

DIF areola

Round SM 12 - 0.470 0.250 - 0.245 0.214 P = 0.24 P = 0.53

Round SF 2 - 0.360 - 0.260 - 0.310 0.071 P = 0.68

ANAT SM 38 - 0.900 0.650 - 0.130 0.312

ANAT SF 12 - 0.900 0.070 - 0.463 0.329 P = 0.003 p\ 0.05

DIF medial

Round SM 12 - 0.420 0.500 0.018 0.250 P = 0.23 P = 0.32

Round SF 2 - 0.410 - 0.320 - 0.365 0.064 P = 0.06

ANAT SM 38 - 1.248 1.010 0.161 0.382

ANAT SF 12 - 0.560 0.460 - 0.134 0.305 P = 0.02 p\ 0.05

DIF cranial

Round SM 12 - 0.280 0.830 0.328 0.325 P = 0.68 P = 0.2

Round SF 2 - 0.240 - 0.070 - 0.155 0.120 P = 0.07

ANAT SM 38 - 0.210 1.100 0.374 0.339

ANAT SF 12 - 0.280 0.510 0.107 0.272 P = 0.017 p\ 0.05

Upper pole. SM submuscular, SF subfascial, A anatomic, R round

Table 4 Surface measurements, breast volume and projection form baseline to 12 months

Baseline 1 month 4 months 12 months

SN-Ni (cm) 17.85 (15.25–21.05) 19.94 (16.61–21.86) 19.18 (16.1–22.08) 19.02 (15.9–21.96)

Ni-Ni (cm) 19.8 (16.33–22.47) 22.89 (18.7–25) 23.37 (19.36–25.89) 23.4 (19.8–26.6)

Ni-IMF (cm) 5.93 (4.29–8.62) 9.23 (6.98–11.66) 9.50 (7.36–11.7) 9.67 (7.21–12)

Ni-IMF (l) (cm) 4.5 (3.2–6.5) 6.3 (4.7–8.6) 6.7 (4.7–9.6) 6.7 (4.7–8.9)

Volume (cc) 135.74 (48–243) 458.47 (281–635) 470.48 (318.6–738.3) 473.78 (288–660)

Projection (cm) 3.6 (2.2–5) 7 (5.4–8.4) 6.9 (5–8.53) 6.7 (5–8)
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338.7 cc) because the volume of the implant was higher for

round than anatomical implants (mean, 347 cc vs 310 cc).

Influence of Implant Position

There were no significant differences in any of the mea-

surements according to the position or shape of the implant

(Tables 5, 6), with the exception of a significant difference

(p\ 0.05) in the NI-IMF distance for anatomical implants

between dual-plane and subfascial placement.

Expected Versus Final Volume

The difference between the final volume and the expected

volume was 0.6 cc (- 176 to 122). The final volume can

be estimated as follows (R2 = 0.67, good correlation):

Volume at 12months ccð Þ ¼ 0:91 � expected volume

þ 41:66

Expected Versus Final Projection

The final projection was always less than expected (29%).

The correlation was weak (R2 = 0.1). The final projection

can be estimated according to the following formula:

Projection at 12months cmð Þ ¼ 0:31 � theor:projþ 3:965

Correlation Between Tissue Thickness and Distance

Measurements

The greater the reduction in the tissue thickness near the

areola (cranial measurement at the lower pole), the greater

the increase in the Ni-IMF distance (p\ 0.05).

We did not find any correlations between the implant

volume and the SN-Ni, Ni-IMF or Ni-IMF L distances.

Additionally, there were no correlations between the

implant type and position. However, although the differ-

ences were not significant, the anatomical implants

Fig. 11 Projection. The final projection was approximately 29% less

than expected (p\ 0.0001)

Table 5 Influence of shape of the implant and position on surface

measurements, volume and projection

Measurement Position N Mean Std

Anatomic

SN-Ni (cm) DP 2 17.54 0.365

SF 12 18.58 1.8

SM 38 17.83 1.2

Ni-IMF (cm) DP 2 5.27 0.56

SF 12 3.11 1.16

SM 38 3.87 1.32

Ni-IMF L (cm) DP NA NA NA

SF 6 1.9 0.99

SM 19 2.28 1.19

Ni-Ni (cm) DP NA NA NA

SF 6 4.2 1.32

SM 19 3.49 1.04

Volume (ml) DP 2 375.5 10.6

SF 12 350 68.4

SM 38 315.66 86.2

Projection (cm) DP 2 2.90 0.66

SF 12 2.76 0.82

SM 38 3.12 0.98

Round

SN-Ni (cm) SF 2 17.8 0.2

SM 12 17,2 1.15

Ni-IMF (cm) SF 2 3.35 0.27

SM 12 3.73 0.49

Ni-IMF L (cm) SF NA NA NA

SM 6 2.03 0.83

Ni-Ni (cm) SF NA NA NA

SM 6 3.76 0.78

Volume (ml) SF 2 333.70 1.98

SM 12 391.43 40.6

Projection (cm) SF 2 2.74 0.12

SM 12 3.35 0.74

Fig. 10 Volume. There was no significant difference between the

expected and final volume at 12 months postoperatively
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produced a greater increase in the Ni-IMF distance than

round implants (3.97 ± 1.47 cm vs 3.65 ± 0.5 cm,

p = 0.385), as did submuscular implants compared with

subfascial implants (4 ± 1.3 cm vs 3.5 ± 1.5 cm,

p = 0.21).

Discussion

Understanding the relationship between an implant and the

breast tissue is crucial to the final outcome of breast aug-

mentation. Implants can cause various types of deformities,

such as bottoming out, inframammary fold descent, tissue

atrophy and distortion due to implant visibility [9]. Vegas

and Del Yerro [3] theorized that the breast undergoes an

instantaneous deformation (creep deformation) that is

intimately related to the viscoelasticity of the tissue. The

implant, especially if it is large, would exert stress on the

lower pole of the breast proportional to the weight of the

implant and to the projection, leading to atrophy of the

parenchyma, thinning of the tissue and distension of the

lower pole [2, 3, 9, 10]. However, most of these opinions

from reputed surgeons have not been supported with sci-

entific data.

In our study, using ultrasonography, we selected the

midline because this is where the implant is expected to

exert the greatest pressure, in terms of both its weight and

projection. We performed two consecutive studies, the first

in the lower pole and the second in both the upper and

lower poles of the breast, and obtained 3D measurements.

The pooled study of the lower pole showed that most

caudal measurements (point 1) exhibited few differences,

with a thickness reduction of 7.8%. However, the atrophy

was more significant at the medial (point 2) and subareolar

(point 3) levels, with a thickness reduction of 31.8% and

42.4%, respectively, compared to baseline values. Atrophy

occurs immediately and is very significant at 1 month

postoperatively (p\ 0.0001); it worsens somewhat until

4 months postoperatively and then stabilizes, with no sig-

nificant progression occurring between 4 and 12 months

postoperatively. The atrophy was not clinically significant,

but it was likely linked to the feeling of naturalness and

softness expressed by the patient.

At the upper pole, we found significant parenchymal

atrophy (p\ 0.05) in the juxta-areolar zone (point 4) at

1 month postoperatively, with no further progression

thereafter. Paradoxically, we found an increase in the

parenchymal thickness in points 5 and 6, i.e. the medial

(? 6%) and cranial (? 38%) levels. The cause of this

phenomenon is unclear. A potential explanation could be a

compensation for the atrophy in other areas of the gland,

although recruitment of the glandular tissue is more likely,

resulting in pushing of the gland upward, similar to the

effect of a bra. The shape of the anatomical implant pro-

motes some upward rotation of the tissue compared to

round implants, which push the tissue forward. This change

could potentially explain why in the long run, round

implants can become indistinguishable from anatomical

implants at the upper pole, as they produce more thinning

of the parenchyma, as our results show, and of the muscle,

as Roxo et al. [5, 6] demonstrated.

Contrary to what might be expected, we did not find a

correlation between the implant volume and the decrease in

thickness at the lower pole; however, at the upper pole, the

implant volume was related to the degree of atrophy at only

the juxta-areolar level. The implant projection only had an

influence on breast atrophy at the upper pole near the

areola. A higher BMI reduces the impact on the tissue at

the areolar level. We found that the implant shape was the

most significant factor. Anatomical implants caused more

atrophy than round implants.

Submuscular placement provides some protection from

parenchymal atrophy, which explains why we found more

glandular atrophy with subfascial placement (especially in

Table 6 Statistical significances between the different combinations of type of implant and position of placement

Measurement ANAT DP

versus SF

ANAT DP versus

SM

ANAT SF versus

SM

Round SF versus

SM

ANAT SF versus

round SF

ANAT SM versus

round SM

SN-Ni P = 0.44 P = 0.74 p = 0.1 P = 0.5 P = 0.56 P = 0.12

Ni-IMF P\ 0.05 P = 0.15 P = 0.08 P = 0.3 P = 0.08 P = 0.74

Ni-IMF L NA NA P = 0.49 NA NA P = 0.64

Ni-Ni NA NA P = 0.19 NA NA P = 0.57

Volume P = 0.62 P = 0.34 P = 0.21 P = 0.07 P = 0.75 P\ 0.05

Projection P = 0.82 P = 0.76 P = 0.26 P = 0.28 P = 0.97 P = 0.45

The greater gain in breast volume for round submuscular implants than with anatomical submuscular implants is related to the larger volume of

the round implants used for augmentation (mean 350 vs 300 ml)

ANAT anatomic, SF subfascial, DP dual-plane, SM submuscular
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the case of anatomical prostheses). Possibly, as demon-

strated by Roxo et al. [4, 5], the muscle absorbs the impact

of the increase (with reduction of volume of the muscle by

46.38% at 6 months and 49.80% at 12 months with respect

to baseline preoperative levels). They also found less of a

reduction in the parenchymal volume in patients with

submuscular implants than in those with subglandular

implants (27% at 6 months and 22% at 12 months with

respect to the baseline) [6].

This tissue atrophy is almost immediate and presumably

due to the acute distension and stretching by the implant.

Anatomical implants have more caudal convexity and

projection than round implants, causing greater pressure

and distension of the lower pole. Unlike the lower pole, the

upper pole showed significantly greater tissue atrophy with

round implants than with anatomical implants

(p\ 0.0001). This difference is supported by the fact that

the juxta-areolar atrophy was greater caudally (infra-areo-

lar) for anatomical implants and cranially (supra-areolar)

for round implants. Tebbets and Teitelbaum [9] warned of

the risk of using high or extra-high profile implants because

they would produce greater tissue pressure and conse-

quently more atrophy, but our results have not supported

this hypothesis. We did not find a correlation or differences

between implant profiles (extra-high, high, moderate) and

atrophy. No differences were observed between high and

extra-high projections, although extra-high implants pro-

duced more atrophy than the moderate profile at point 4

(supra-areolar). Regardless of the profile, anatomical

implants caused more atrophy at the infra-areolar point and

midpoint of the lower pole.

We used implants from different manufacturers (hence

with different gel properties and shells), but this did not

make any difference in the thickness of the gland or surface

measurements.

Regarding the surface distances (SN-Ni, Ni-IMF, Ni-Ni,

and Ni-IMF L), there was a significant difference between

the values at 1 month postoperatively and at baseline;

however, practically no differences were observed after

that point. With 3D imaging, Eder et al. [11] also showed

similar changes in patients with subpectoral augmentation,

and these changes stabilized after 3 months.

There was a relationship between the caudal areolar

thickness and the Ni-IMF distance; the greater the atrophy,

the greater the distance. This relationship is why the

anatomical implants showed a greater Ni-IMF distance

than did the round implants, although this difference was

not significant.

We estimated the volume and projection of the breast

before and after augmentation. The volume at 12 months

postoperatively was similar to the calculated volume.

However, the postoperative projection was less (29%) than

the theoretical projection, by 1 cm for round prostheses and

approximately 2 cm for anatomical prostheses. These

results are similar to those reported by Tepper et al. [12]

(21% lower projection).

The implant volume has not been shown to be a deter-

mining factor of the degree of parenchymal atrophy, at

least within the first postoperative year. Based on these

findings, it is not clear that a lighter implant can cause less

tissue atrophy at the lower pole than a heavier implant, as

has been proposed [13]. Perhaps over the long term, once

the tissue has become thinner and weaker, the implant

volume could be a determining factor in the deformity of

the lower pole.

Our results may be useful during implant selection. The

selection of one or another type of implant or placement

plane has been the subject of numerous publications and

debates [14–17]. An anatomical implant, because of its

effect at the lower pole, would be indicated in cases with a

tight skin envelope, restriction of the lower pole or tuber-

ous breasts. Although the difference was not significant, the

Ni-IMF distance is also greater for anatomical implants

than for round implants. Tebbets [2] pioneered the 2-cm

pinch for plane selection, with lower values indicating that

submuscular placement would be better. Considering the

degree of atrophy at the lower pole, especially with

anatomical prostheses, and that subglandular/subfascial

placement has a greater impact on the mammary par-

enchyma, this recommendation is absolutely valid. Another

strategy would be to supplement the augmentation with fat

grafting for subfascial/subglandular placement [18, 19].

A potential limitation of this study is the bias in implant

selection. Our preferences are to use moderate profile,

round implants for submuscular augmentation and high-

projection anatomical implants in patients with pseudop-

tosis or pole restriction. Other potential limitation could be

the number of cases in phase II in terms of comparison

between groups.

Our main conclusions are as follows:

• Implants have an impact on the glandular tissue and

reduce the tissue thickness, especially at the centre of

the breast.

• Anatomical implants result in more atrophy at the lower

pole, while round implants result in more atrophy at the

upper pole; the implant shape is the main variable

influencing atrophy.

• The implant volume has no effect on changes in the

parenchyma in the first postoperative year, but the

implant projection plays a role, especially in the

periareolar area.

• While the final breast volume is similar to the expected

value, the final projection is approximately 29% less

than expected.
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• Significant changes occur very early, as soon as

1 month postoperatively. However, no major changes

in thickness or surface measurements occur after

4 months postoperatively.
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