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Objective analysis of changes in breast shape 
has been limited by the absence of a suit
able measurement system for quantitating 

relevant attributes of breast shape. The author 
has recently published such a system1 and used it 
to analyze changes in breast shape in published 
cases of mastopexy and breast reduction.2 This 
study reports the findings of the same analysis 
in his own patients undergoing cosmetic breast 
surgery.

PATIENTS AND METHODS
This prospective study group included consec

utive women undergoing primary mastopexy, 
augmentation/mastopexy, and breast reduction 
from June of 2002 to June of 2012, who met 
the inclusion criteria. A prospective cohort of  
consecutive breast augmentation patients under
going surgery between October of 2006 and March 
of 2007 was also studied. A shorter, 6month study 
period was used for breast augmentation because 
these patients were much more numerous than 
those in the other groups. Patients who were 
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Background: Our understanding of breast shape and size changes after surgery 
is limited by a lack of measurement studies that evaluate and compare changes 
in breast dimensions after cosmetic breast procedures. This study was under
taken to remedy this deficiency.
Methods: Women undergoing primary vertical mastopexy, augmentation/mas
topexy, and reduction were evaluated prospectively from 2002 to 2012. Breast 
augmentation patients were also measured prospectively over a 6month period 
during the study. A total of 196 consecutive patients meeting the inclusion 
criteria—at least 3 months’ followup and no subsequent breast surgery—were 
evaluated (inclusion rate, 88.3 percent).
Results: Both nipples were located at or above the level of maximum preop
erative breast projection in 60 percent of women presenting with ptosis. The 
maximum preoperative nipple displacement was 6.5 cm. All four procedures 
increased breast projection and upper pole projection, with a significantly 
greater boost when implants were combined with mastopexy (p < 0.01). Breast 
augmentation lowered the lower pole level (p < 0.001) and minimally elevated 
the breast mound, with no change in nipple level. Vertical mastopexy and re
duction elevated the lower pole and breast mound, reduced areola size, and 
increased the breast parenchymal ratio (p < 0.001).
Conclusions: Vertical mammaplasty corrects glandular sagging and provides 
a modest increase in breast projection and upper pole projection. Augmen
tation/mastopexy most effectively treats upper pole deflation and ptosis. In 
ptosis, the nipple descends primarily with the breast, not on it. Nipple repo
sitioning (<6.5 cm) is preferred over transposition to avoid overelevation and 
improve safety. (Plast. Reconstr. Surg. 131: 802e, 2013.)
CLINICAL QUESTION/LEVEL OF EVIDENCE: Therapeutic, II. 
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Prospective Photographic Measurement 
Study of 196 Cases of Breast Augmentation, 
Mastopexy, Augmentation/Mastopexy, and 
Breast Reduction
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unavailable for photographs at least 3 months after 
surgery (22 patients) or who underwent another 
breast operation before postoperative photographs 
(four patients) were excluded. The remaining 196 
patients were evaluated, for an inclusion rate of 
88.3 percent, meeting the standard for evidence
based studies.3 Institutional review board approval 
was obtained from the Surgery Center of Leawood.

Surgery
All mastopexy, augmentation/mastopexy, and 

breast reduction procedures were performed 
using the vertical technique with a medially based 
pedicle, similar to HallFindlay’s technique.4 How
ever, a keyhole or mosquedome preoperative 
marking was not used. Instead, the nipple position 
was determined intraoperatively at the site of max
imum breast projection (“closed” nipple position
ing)5 after creation of the breast mound, using a 

39mm marking ring (Fig. 1). All procedures were 
performed by the author. For breast augmentation 
patients, an inframammary approach was used 
in 32 patients (94.1 percent) and a periareolar 
approach was used in two patients (5.9 percent). 
All breast implants were placed submuscularly.

Measurements
Standardized digital photographs, calibrated 

using a measuring tape or ruler included in the 
photograph, were stored on the Canfield Mirror 
7.1.1 program (Canfield Scientific, Inc., Fairfield, 
N.J.). All photographs were taken using the same 
60mm lens, background, lighting, focal distance, 
and body position. Measurements were made 
on size and orientationmatched frontal and 
lateral photographs.1 Comparisons are illustrated 
in Figures 2 through 5. “Mammographs” were  
created using actual mean breast dimensions 

Fig. 1. Intraoperative photographs of vertical augmentation/mastopexy with a medial pedicle after right implant placement and 
vertical resection. (Above, left) The skin closure oversews the nipple-areola, eliminating the superior dog-ear that results from ver-
tical resection. (Above, right) The areola marking ring is placed at, or very slightly below, the level of maximum breast projection 
judged intraoperatively after creation of the new breast mound. A 39-mm-diameter ring is used. (Below, left) The nipple-areola is 
brought through the new opening. There is little or no transposition of the nipple on the newly elevated breast mound. (Below, 
right) Any areola distortion, or tendency toward an inverted teardrop shape is minimized by marking the recipient site intraop-
eratively, after creation of the new breast mound, and not relying on a predetermined pattern, so that skin tension is balanced.
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obtained from the measurement data (Figs. 6 
through 9), providing twodimensional renderings 
of the data and facilitating visual comparisons. To 
conserve Journal figure space, clinical photographs 
are published separately.1

Statistical Analysis
Statistical analyses were performed using SPSS 

for Windows version 20.0 (SPSS, Inc., Chicago, 
Ill.). Oneway analysis of variance or covariance 
was used to compare means for continuously mea
sured variables between procedures. Differences 
in beforeandafter measurements were compared 
between the vertical mammaplasty procedures, not 
including breast augmentation. Body mass index 
was controlled using an analysis of covariance. 
The chisquare test of independence was used to 
compare frequencies for categorical variables. 
Independent t tests were used to compare means 
between two groups and paired t tests were used 
to compare preoperative and postoperative 
measurements. The “reduction plus implants” 
group was excluded from group comparisons 
because of its small sample size (n = 7). Because 
of multiple comparisons, a value of p < 0.01 was 
considered significant. An a priori power analysis 
was performed for the oneway analysis of variance. 
To achieve 80 percent power, with an alpha level of 
0.05, sufficient to detect a mediumsized treatment 

effect (f = 0.25)6 comparing across four groups, 
180 total subjects would be needed.7

RESULTS
Table 1 presents patient data. There were no 

significant correlations between followup times 
and any of the measurement data; nor was there 
a difference comparing patients with followup 
periods of 3 to 6 months to those with followup 
periods greater than 6 months. Excluded patients 
tended to be younger than study patients (p < 
0.001) but were otherwise similar in average 
body mass index, resection weights, and implant 
volumes. Patient ages and followup times were 
not significantly different between procedures. 
Body mass indices were, on average, lower for 
breast augmentation patients and higher for 
breast reduction patients (p ≤ 0.001). Breast 
augmentation patients had larger mean implant 
volumes than augmentation/mastopexy patients 
(p ≤ 0.01). To conserve Journal space, only the right
side information is provided in graphs. However, 
both right and leftside data were included in all 
analyses and are contained in Tables 2 through 4.

Preoperative Nipple Level
In patients presenting for mastopexy, augmen

tation/mastopexy, or reduction procedures, the 

Fig. 2. Right breast area, before (green) and after (blue) surgery.
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overall mean preoperative nipple displacement1 
was less than 1 cm on both sides (Table 2). In 60 
percent of these women, both nipples were posi
tioned at (within 1 cm) or above the level of maxi
mum preoperative breast projection. Figure 10 
illustrates preoperative right nipple displacement.

Comparisons
Breast area increased approximately 45 per

cent after augmentation. On average, augmenta
tion/mastopexy increased breast area 10 percent. 
Mastopexy and reduction reduced breast areas 
approximately 12.5 and 25 percent, respectively 
(Fig. 2). In breast reduction, the mean change in 
upper pole area was an increase of 15 percent; the 
lower pole area decreased 50 percent. Volume var
ies as the square of area. Therefore, augmentation 
increased breast volume, on average, by 110 per
cent; reduction reduced it by 44 percent.

The mean increase in breast projection after 
vertical mastopexy was 1.19 cm on the right side 
and 1.28 cm on the left side (p < 0.001). Upper 
pole projection increased 0.48 cm on the right 
side and 0.60 cm on the left side (p < 0.001). Add
ing implants produced greater increases in both 
breast projection (right, p < 0.001; left, p < 0.01) and 
upper pole projection (p < 0.001) (Figs. 3 and 4).  
Vertical breast reduction increased breast pro
jection 0.63 cm on the right side (p < 0.01) and 

0.61 cm on the left side (not significant); upper 
pole projection increased 0.91 cm on the right 
side and 0.72 cm on the left side (p < 0.001).

Breast augmentation dropped the lower pole 
level (p < 0.001) (Fig. 5). Vertical mastopexy, aug
mentation/mastopexy, and reduction all signifi
cantly elevated the lower pole level (p < 0.001). 
The lower pole ratio (lower pole width divided by 
length) is a measure of the boxiness of the lower 
poles, with values much over 2.0 appearing boxy.1 
For the combined data, the mean overall post
operative lower pole ratio after vertical mamma
plasty was 1.97 on the right and 1.95 on the left.

For breast augmentation patients, the mean 
breast mound elevation (i.e., elevation of the level 
of maximum breast projection) was less than 1 cm 
on each side, a change that was marginally signifi
cant (right, p < 0.01; left, not significant). For all 
mastopexy, augmentation/mastopexy, and reduc
tion patients, there was a significantly greater ele
vation of the breast mound (p < 0.001), averaging 
4.66 cm on the right side and 4.02 cm on the left 
side. Breast augmentation did not significantly 
affect the nipple level; all other procedures ele
vated it (p < 0.001).

Breast reduction patients had the largest pre
operative areola diameters, averaging over 7 cm 
(p < 0.001). Breast augmentation increased the 
mean areola diameter almost 1 cm (p < 0.001). On 

Fig. 3. Right breast projection, before (green) and after (blue) surgery.
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average, areola diameter decreased approximately 
1 cm after mastopexy (p < 0.001) and over 2 cm 
after breast reduction (p < 0.001) (Table 4). After 
vertical mammaplasty, at least one nipple was over
elevated in 48 patients (29.6 percent) (Table 2).

Preferred Areola Diameter
Table 5 presents areola diameters for mas

topexy/reduction patients who also completed 
a survey as part of a contemporaneous outcome 
study.8 Patients who reported that their areola size 
was okay before surgery had mean areola diame
ters of 5.24 cm. Patients who considered their pre
operative areola size too large had mean areola 
diameters of 6.44 cm (p < 0.01).

DISCUSSION

Study Design
A large, prospective patient population, appro

priate eligibility criteria, a priori power analysis,9 
and a high inclusion rate are desirable.3 Consis
tency of the surgeon and technique reduce pos
sible confounding influences.

Definitions
A breast reduction is simply a mastopexy with 

more breast tissue removed; a mastopexy is (or 

should be) a small breast reduction.2 Failure to 
remove breast tissue from the lower pole—relying 
on tightening the skin envelope alone—is likely to 
provide no significant elevation of the lower pole, 
making the efficacy of a “skinonly” or periareo
lar mastopexy questionable.2 Recognizing that 
any cutoff is arbitrary, the author defines a breast 
reduction as a resection weight of 300 g or more 
from at least one breast.

“Breast reduction plus implants” represents a 
group of patients who wish to have a breast reduc
tion but also want to improve upper pole fullness, 
which is often deficient in these patients. These 
women tend to have linear or ogeeshaped upper 
pole contours.1,10 Convexity is preferred.8,11 Both 
objectives—lower pole elevation and upper pole 
augmentation—may be met by performing a 
breast reduction and also inserting implants to 
create upper pole fullness, providing the welcome 
illusion of a redistribution of breast tissue from 
the lower poles to the upper poles.

Breast Implants to Provide Upper Pole 
Projection

“Autoaugmentation” is ineffective, likely because 
of the malleability of breast tissue.2 Despite sur
geons’ best efforts using available breast tissue, the 
upper pole contour tends to remain linear without 

Fig. 4. Right upper pole projection, before (green) and after (blue) surgery.
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an implant.1,10 Such a result may be acceptable for 
women who do not wish to have implants and are 
satisfied using a bra to create convexity. From the 
perspective of upper pole filling, the implant’s 
firmer consistency and resistance to shape change 
over time,12 aided by capsular contracture, may 
constitute advantages rather than disadvantages 
over natural breast tissue. When informed of this 
benefit of implants, the majority of women elect to 
have augmentation/mastopexy, and high patient 
satisfaction rates are the norm.8

Shape Advantages of the Vertical Technique
The vertical technique lengthens the distance 

along the lateral curve1 by converting an elliptical 
defect to a vertical straightline closure.2,5,13,14 The 
lower pole is elevated and the length dividend 
increases projection (Figs. 7 and 9). By compari
son, constriction of the lower pole, reduced breast 
projection,2 and increasing frontal boxiness, con
sequences of the invertedT technique, are aes
thetic problems that do not resolve.10

Lower pole ratios were remarkably similar 
after each procedure, with overall means of 1.97 
on the right and 1.95 on the left, attesting to the 
efficacy of the vertical technique in achieving a 
desirable nonboxy lower pole shape.

Nipple Level
Nipple overelevation is likely to appear worse 

with time as the lower pole descends.15,16 The 5cm 
“rule”15 limiting the vertical limb length does not 
prevent nipple overelevation or boxiness of the 
lower poles2 and does not prevent pseudoptosis.17 
This problem is an unavoidable consequence of 
the geometry of the invertedT design.2,10 The 
nipple is rarely underelevated with respect to the 
breast mound; the problem is overelevation. Nip
ple overelevation may be avoided by (1) the use of 
the vertical technique and (2) intraoperative posi
tioning of the nipple at or slightly below the level 
of maximum breast projection (Fig. 1).1,2

Nipple position is measured relative to the 
level of the breast apex, which is the only impor
tant anatomical landmark for nipple position.1 
There is no consideration of its relationship to 
the sternal notch or inframammary crease level, a 
level that is hidden in photographs and known to 
be dynamic, making it an unreliable landmark.18 
The author’s system evaluates changes in breast 
glandular position (reflected in breast mound 
elevation, lower pole level, and breast parenchy
mal ratio) separately from nipple position (nipple 
displacement), discarding the notion of pseudo
ptosis,17 which mixes these parameters.1

Fig. 5. Right lower pole level, before (green) and after (blue) surgery.
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Postoperative Areola Diameter
This study confirms the clinical observation 

that patients with large breasts also have large areo
lae.19,20 Patients do not favor wide areolae (Table 5).8  
Despite using a 39mm areola marking ring and 
an intraoperative positioning technique that theo
retically reduces skin tension around the areola,2 

areola diameters for the combined group of verti
cal mastopexies and reductions averaged approxi
mately 5 cm after surgery, at the outside margin 
of the range deemed okay by patients.8 For this 
reason, the use of areola marking devices with 
diameters not exceeding 39 mm is recommended, 
allowing for a 1cm stretch after surgery.

Fig. 6. Breast shape before (left) and after (right) breast augmentation. Upper pole projection and breast pro-
jection are increased. The lower pole level drops. Nipple position is minimally affected. The upper pole contour 
is linear before surgery and parabolic after surgery. The areola widens approximately 1 cm. These mammo-
graphs were created based on mean breast measurements among study patients. MPost, maximum postop-
erative breast projection; LPR, lower pole ratio; BPR, breast parenchymal ratio; BME, breast mound elevation.
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Nipple Repositioning
Perhaps surprisingly for plastic surgeons 

trained to transpose nipples, measurements reveal 
that in 60 percent of women presenting with  
various degrees of ptosis, both nipples are 

preoperatively located within 1 cm or above the 
level of maximum preoperative breast projection. 
This finding confirms that, in most cases, the nip
ples fall with the breasts, not on the breasts. The 
cause is thought to be a weakening of the fascial 

Fig. 7. Breast shape before (left) and after (right) vertical mastopexy with a medial pedicle. Breast projection and 
upper pole projection are modestly increased. The elliptical shape of the lower pole is tightened to a semicircle 
on both frontal and lateral views. The lower pole is elevated. The lower pole ratio (LPR) measures less than 2.0 on 
both sides. The upper pole contour remains linear after surgery. The areola diameter is reduced approximately 
1 cm. These mammographs were created based on mean breast measurements among study patients. MPost, 
maximum postoperative breast projection; BPR, breast parenchymal ratio; BME, breast mound elevation.
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ligamentous support system of the breast,21 with 
descent of the parenchyma in an elastic skin enve
lope, not a skin “brassiere” at all. The nipple goes 
along for the downward ride, as a “passenger.”

Consequently, for most patients, there is no 
reason to move the nipple more than the skin 
surrounding it. In fact, nipple transposition22 was 
originally added to the invertedT design23,24 in an 

Fig. 8. Breast shape before (left) and after (right) vertical augmentation/mastopexy with a medial pedicle. Simi-
lar to the vertical mastopexy, the elliptical shape of the lower pole is tightened to a semicircle on both fron-
tal and lateral views. Breast projection and upper pole projection are substantially increased with implants. 
The upper pole contour is slightly convex after surgery. The areola diameter stays approximately the same. 
These mammographs were created based on mean breast measurements among study patients. MPost, maxi-
mum postoperative breast projection; LPR, lower pole ratio; BPR, breast parenchymal ratio; BME, breast mound 
elevation.
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attempt to preserve nipple level as the skin flaps 
were paradoxically displaced downward, leading 
to predictable nipple overelevation with respect 
to the breast mound. The new paradigm is to 

correct the parenchymal disproportion and to 
reposition the nipple when this is done (Fig. 11). 
The nipple is moved just enough to get it out of 
the way of the parenchymal/skin resection and 

Fig. 9. Breast shape before (left) and after (right) vertical breast reduction. Breast projection and upper pole 
projection are modestly increased. The lower pole level is markedly elevated. The breast parenchymal ratio is 
effectively inverted, from 0.65 to 1.60. On average, the nipples are slightly (and not ideally) overelevated. The 
areola diameters are reduced over 2 cm. The upper pole contour describes a mild ogee curve before surgery 
and is linear after surgery. These mammographs were created based on mean breast measurements among 
study patients. MPost, maximum postoperative breast projection; LPR, lower pole ratio; BPR, breast parenchy-
mal ratio; BME, breast mound elevation.
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Table 1. Patient Data for 196 Patients Undergoing Cosmetic Breast Surgery

Augmentation  
(%)

Mastopexy  
(%)

Augmentation/ 
Mastopexy (%)

Reduction  
(%)

Reduction  
plus  

Implants (%)
All  

Procedures (%) p

No. 34 34 86 35 7 196
Age, yr
 Mean 35.8 39.6 40.9 39.5 40.9 39.6
 SD 9.3 11.2 9.6 11.9 10.9 10.4 NS
 Range 21.0–56.1 19.6–65.4 22.2–68.7 19.6–63.2 23.2–57.3 19.6–68.7
Followup time, mo
 Mean 5 10 11 11 12 10
 SD 2.1 10.6 14.0 10.2 17.5 11.7 NS
 Range 3–10 3–43 3–92 3–37 3–51 3–92
Right implant  

 volume, cc
 Mean 397.1 — 345.2 — 361.4 360.0
 SD 79.0 — 93.3 — 100.6 92.2 <0.01*
 Range 270–570 — 200–575 — 240–510 200–575
 n 34 0 86 0 7 127
Left implant  

 volume, cc
 Mean 392.5 — 347.2 — 362.9 360.2
 SD 74.6 — 90.3 — 98.8 88.4 0.01
 Range 270–570 — 200–570 — 240–510 200–570
 n 34 0 86 0 7 127
Smoking status
 Nonsmoker 29 (85.3) 28 (84.8) 70 (85.4) 29 (82.9) 6 (85.7) 162 (84.8)
 Smoker 5 (14.7) 5 (15.2) 12 (14.6) 6 (17.1) 1 (14.3) 29 (15.2) NS
 n 34 33 82 35 7 191
Implant style
 Mentor, saline,  

Moderate  
Profile† 0 — 12 (14.0) — 1 (14.3) 13 (10.2)

 Mentor, saline, 
Moderate  
Plus Profile 34 (100) — 52 (60.5) — 3 (42.9) 89 (70.1) —

 Allergan, saline 
Moderate  
Profile‡ 0 — 21 (4.4) — 3 (42.9) 24 (18.9)

 Allergan silicone  
Midrange 
Profile 0 — 1 (1.2) — 0 1 (0.8)

 n 34 0 86 0 7 127
Right resection  

 weight, g
 Mean — 116.3 79.1 506.6 439.1 194.8
 SD — 97.0 58.0 192.1 186.4 212.1 —
 Range — 0–292 0–230 278–953 129–680 0–953
 n 34 34 86 35 7 162
Left resection  

 weight, g
 Mean — 122.8 75.5 508.4 429.0 194.2
 SD — 97.3 55.4 193.9 180.1 212.5 —
 Range — 0–286 0–254 228–1040 195–724 0–1040
 n 34 34 86 35 7 162
Body mass index,  

 kg/m2

 Mean 21.5 25.8 25.0 30.1 29.1 25.6
 SD 3.0 4.1 4.0 5.1 5.4 4.9 <0.001§
 Range 15.4–28.3 20.1–40.1 17.3–41.0 20.0–43.0 20.0–38.0 15.4–43.0
 n 34 34 86 35 7 196
NS, not significant.
*Independent t tests revealed that breast implant volumes were higher for breast augmentation than for augmentation/mastopexy.
†Mentor (Mentor Corp., Santa Barbara, Calif.) 1600 smooth, round, Moderate Profile, salinefilled breast implant; Mentor 2000 smooth, 
round, Moderate Plus Profile, salinefilled breast implant.
‡Allergan (Allergan, Inc., Irvine, Calif.) Natrelle 68MP smooth, round, Moderate Profile, salinefilled implant; Natrelle 15 smooth, round, 
Midrange Profile, silicone gel breast implant.
§Oneway analyses of variance were used to compare procedure groups, excluding breast reduction plus implants. Tukey honest significant dif
ference post hoc tests indicated that breast augmentation patients had a lower mean body mass index than mastopexy, augmentation/mastopexy, 
and reduction patients (p < 0.001). Breast reduction patients had a higher mean body mass index than mastopexy (p = 0.001) and augmentation/
mastopexy patients (p < 0.001). Mean body mass indices were not significantly different for mastopexy and augmentation/mastopexy.
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then replaced atop the breast mound: nipple 
reposition, not transposition. Using the vertical 
technique, which pushes the nipple up, the chal
lenge for the surgeon is usually in keeping the 
nipple from being located too high on the breast 
mound and still removing the excess skin that 
accumulates at the superior end of the elliptical 
resection (Fig. 1).

Even in mastopexy/reduction patients who 
present with nipples below the level of maximum 
preoperative breast projection, the needed nip
ple elevation with respect to the breast mound is 

minimal (Fig. 11). At least 80 percent of the nip
ple elevation is accomplished by the breast mound 
elevation (calculated by dividing breast mound 
elevation by nipple elevation) that pushes the 
base of the pedicle up in the vertical technique. 
The greatest discrepancy between nipple level 
and maximum breast projection in this study was 
one reduction patient whose downpointing nip
ples were both located 6.5 cm below the plane of 
maximum preoperative breast projection. There
fore, the maximum distance a nipple needed to 
move on its pedicle relative to the surrounding 

Table 2. Nipple Displacement before and after Surgery*

Augmentation 
(%)

Mastopexy 
(%)

Augmentation/ 
Mastopexy 

(%)
Reduction

(%)

Reduction  
plus Implants

(%)

Combined  
Procedures†

(%) p

No. 34 34 86 35 7 162
Preoperative nipple  

 displacement‡
 Both at level 29 (85.3) 16 (47.1) 57 (66.3) 10 (28.6) 3 (42.9) 86 (53.1)
 Both below 0 6 (17.6) 12 (14.0) 9 (25.7) 2 (28.6) 29 (17.9)
 One below 0 10 (29.4) 9 (10.5) 15 (42.9) 2 (28.6) 36 (22.2) —
 Both above 1 (2.9) 0 2 (2.3) 0 0 2 (1.2)
 One above 4 (11.8) 2 (5.9) 6 (7.0) 1 (2.9) 0 9 (5.6)
Preoperative right  

 nipple displacement
 Mean –0.17 0.52 0.30 1.00 1.09 0.53
 SD 0.48 1.20 1.09 1.87 1.46 1.35 NS
 Range –1.72 to 0.00 –1.99 to 3.68 –2.25 to 4.11 –1.22 to 

6.53
0.00–3.43 –2.25 to 6.53

Preoperative left nipple  
 displacement

 Mean –0.08 0.88 0.38 1.57 0.96 0.77
 SD 0.32 1.04 1.17 1.72 1.36 1.37 <0.001§
 Range –1.34 to 0.00 0.00–2.90 –2.28 to 5.11 –0.95 to 

6.53
0.00–3.52 –2.28 to 6.53

Postoperative nipple  
 displacement

 Both at level 28 (82.4) 22 (64.7) 66 (76.7) 19 (54.3) 5 (71.4) 112 (69.1)
 Both below 1 (2.9) 0 0 0 0 0
 One below 3 (8.8) 0 1 (1.2) 1 (2.9) 0 2 (1.2) —
 Both above 1 (2.9) 4 (11.8) 7 (8.1) 9 (25.7) 1 (14.3) 21 (13.0)
 One above 1 (2.9) 8 (23.5) 12 (14.0) 6 (17.1) 1 (14.3) 27 (16.7)
Postoperative right nipple  

 displacement, cm
 Mean 0.16 −0.32 –0.32 −0.62 –0.50 −0.39
 SD 0.62 0.54 0.68 0.96 0.78 0.73 NS
 Range −1.42–2.72 −1.73–0.00 −2.35–1.01 −2.83–0.00 −1.99–0.00 −2.83–1.01
Postoperative left nipple  

 displacement, cm
 Mean −0.03 −0.52 −0.30 −0.73 −0.27 −0.43
 SD 0.58 0.76 0.75 1.08 0.51 0.84 NS
 Range −2.33 –1.37 −2.11–0.00 −3.82 –0.96 −3.02–1.50 −1.31–0.00 −3.82–1.50
NS, not significant.
*Vertical level of nipple compared with level of maximum preoperative breast projection for preoperative data or postoperative breast projec
tion for postoperative data. Positive values are used for nipple levels below the plane and negative values are used for levels above the plane.
†Combined procedures included all patients treated with a vertical mammaplasty (i.e., mastopexy, augmentation/mastopexy, reduction, and 
reduction plus implants), excluding breast augmentation patients.
‡No patient presented with one nipple more than 1 cm above the plane of maximum preoperative breast projection and the other nipple more 
than 1 cm below this plane.
§Oneway analyses of variance were used to compare mastopexy and reduction procedure groups for continuous variables, excluding the 
reduction plus implants group because of its small sample size. Tukey honest significant difference post hoc tests indicated that, on average, 
the left preoperative nipple level was more displaced for breast reduction patients than augmentation/mastopexy patients (p < 0.001); the dif
ference did not reach significance on the right side (p = 0.034).
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Table 3. Breast Area, Breast Projection, Upper Pole Projection, and Lower Pole Level before and after Cosmetic 
Breast Surgery

Augmentation
(%)

Mastopexy
(%)

Augmentation/ 
Mastopexy

(%)
Reduction

(%) p*

No. 34 34 86 35
Right breast area, cm2

 Preoperative
  Mean 80.25 133.81 110.82 179.99
  SD 29.26 38.26 33.51 37.86
  Range 28.65–156.00 77.99–220.52 56.05–205.49 127.21–259.68
  Postoperative
  Mean 117.95 114.24 122.27 131.20
  SD 27.81 36.81 26.88 28.02
  Range 58.27–193.27 47.79–219.00 73.11–199.59 89.63–180.31
 Difference 37.70 (54.6) −19.57 (−14.5) 11.45 (13.8) −48.79 (−26.7) <0.001
Left breast area, cm2

 Preoperative
  Mean 86.05 140.22 117.18 183.37
  SD 24.32 42.04 34.07 37.66
  Range 39.93–145.21 85.10–258.13 48.89–211.08 107.76–264.00
  Postoperative
  Mean 125.07 126.98 131.27 142.51
  SD 23.76 41.99 32.61 29.92
  Range 71.23–170.29 68.76–215.85 66.55–244.62 77.99–197.04
 Difference 39.01 (49.4) −13.24 (−9.5) 14.10 (14.5) −40.87 (−21.9) <0.001
Right breast projection, cm
  Preoperative
  Mean 6.79 8.54 7.72 10.16
  SD 2.07 1.77 1.83 1.59
  Range 2.17–10.98 5.12–12.69 4.09–14.35 7.10–13.25
  Postoperative
  Mean 9.49 9.73 10.08 10.79
  SD 1.59 2.18 1.50 1.83
  Range 5.85–12.83 5.62–15.67 6.81–15.16 7.20–14.28
 Difference 2.70 1.20 2.35 0.64 <0.001
Left breast projection, cm
  Preoperative
  Mean 7.25 9.13 8.38 10.94
  SD 1.83 2.10 1.88 2.13
  Range 3.10–10.88 5.78–14.26 4.53–14.23 6.02–14.17
  Postoperative
  Mean 9.89 10.41 10.63 11.55
  SD 1.57 2.49 1.72 1.78
  Range 6.59–12.74 6.86–16.52 5.88–16.24 7.99–15.03
 Difference 2.64 1.28 2.25 0.61 <0.001
Right upper pole projection, cm
  Preoperative
  Mean 3.81 4.24 4.02 4.86
  SD 1.15 0.98 0.99 1.10
  Range 1.92–6.54 2.24–6.08 2.01–7.60 2.08–7.40
  Postoperative
  Mean 5.34 4.72 5.61 5.77
  SD 1.34 1.19 1.31 1.27
  Range 2.49–8.58 2.27–7.20 2.97–9.50 3.77–8.80
 Difference 1.53 0.48 1.59 0.91 <0.001
Left upper pole projection, cm
  Preoperative
  Mean 4.20 4.57 4.47 5.31
  SD 1.07 1.16 0.99 1.25
  Range 2.14–6.70 3.03–7.25 2.45–7.49 2.91–8.56
  Postoperative
  Mean 5.51 5.17 6.07 6.03
  SD 1.58 1.30 1.33 1.20
  Range 2.9 –8.62 3.08–8.00 3.05–11.33 3.97–8.98
 Difference 1.31 0.60 1.60 0.72 <0.001

(Continued)
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breast tissue in this study was 6.5 cm. Short ped
icles greatly improve the reliability of nippleare
ola perfusion, avoid the need for nipple grafting, 
and reduce the incidence of nipple loss to almost 
none.25

Breast Augmentation
This study confirms the clinical observation that 

the lower pole level drops after a breast augmenta
tion.26 Breast mound elevation is minimal (<1 cm). 
Consequently, breast augmentation should not be 
considered an option to correct minor degrees of 
ptosis by “taking up the slack.” Patients need to be 
informed that implants are unlikely to change their 
nipple level, and their areola diameter is likely to 
widen. This information is useful for the mildly 
ptotic woman who already has large areolae and 
is considering a simultaneous mastopexy; the 
areola reduction provided by the mastopexy 
may tip the balance in favor of augmentation/
mastopexy.

Mastopexy
Although effective in correcting glandular 

ptosis, vertical mastopexy produced only a modest 
increase in breast projection and upper pole pro
jection, confirming the clinical impression that 
mastopexy is limited in this capacity and cannot 
duplicate the effect of an implant.27–29

Augmentation/Mastopexy
As expected in patients treated with implants, 

augmentation/mastopexy increased breast pro
jection (right, p < 0.001; left, p < 0.01) and upper 
pole projection (p < 0.001) more than mastopexy 
alone. Not surprisingly, in view of the lower pole–
lowering effect of implants, there was less lower 
pole elevation when implants were combined 
with mastopexy (p < 0.001). The areolastretching 
effect of the augmentation appeared to be bal
anced by the areola reduction provided by the 
mastopexy so that there was no significant change 
in the mean areola diameter.

Breast Reduction
Vertical breast reduction effectively inverted 

the existing breast parenchymal ratio. Impor
tantly, although the percentage of tissue in the 
upper pole was greater after reduction,30 this 
finding was attributable primarily to a decrease 
in lower pole volume rather than an increase in 
upper pole volume.

Clinical Relevance
Measurements allow the surgeon to criti

cally evaluate his or her results, the missing link 
in application of the scientific method to breast 
surgery,1 and avoid making unsupported claims.2 
Today, women are often confronted with a choice 

Table 3. (Continued)

Augmentation
(%)

Mastopexy
(%)

Augmentation/ 
Mastopexy

(%)
Reduction

(%) p*
Right lower pole level, cm
  Preoperative
  Mean 4.71 8.99 7.34 10.93
  SD 1.03 1.65 1.48 2.01
  Range 2.50–6.61 5.67–13.75 4.07–11.09 8.47–15.56
  Postoperative
  Mean 5.85 6.10 5.62 5.71
  SD 0.92 1.19 0.91 0.91
  Range 3.96–8.08 3.89–9.55 3.33–8.07 4.19–7.83
 Difference, cm 1.14 −2.89 −1.72 −5.22 <0.001
Left lower pole level, cm
  Preoperative
  Mean 4.32 8.64 7.04 10.05
  SD 0.83 1.71 1.52 2.29
  Range 2.41–5.90 4.82–13.74 3.87–11.56 5.53–16.83
  Postoperative
  Mean 5.73 5.65 5.40 5.28
  SD 0.86 1.04 0.94 0.90
  Range 4.07–7.61 3.62–8.32 3.33–8.03 3.41–7.48
 Difference 1.41 −2.98 −1.64 −4.78 <0.001
*Difference scores for mastopexy, augmentation/mastopexy, and reduction procedures were compared using a oneway analysis of covari
ance with body mass index as the covariate. Bonferroni post hoc tests indicated that the change in breast area was significantly different 
across the three groups on both sides (p < 0.001). The increase in breast projection was significantly greater for augmentation/mastopexy 
than for both mastopexy (right, p < 0.001; left, p < 0.01) and reduction (p < 0.001) on both sides. The increase in upper pole projection was 
significantly greater for augmentation/mastopexy than for both mastopexy (p < 0.001) and reduction (p < 0.001) on both sides. The eleva
tion in lower pole level was significantly greater for reduction than for mastopexy, and for mastopexy than for augmentation/mastopexy on 
both sides (p < 0.001).
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between procedures—augmentation with implants  
(and more recently fat injection), mastopexy, 
and augmentation/mastopexy. The information 
provided by this study has practical value, allow
ing us to avoid, for example, recommending an 
implant to a patient who primarily wants breast 
elevation or a mastopexy to a woman who wants 

to keep her volume but just have her breasts 
lifted, a very common scenario. A woman who 
lifts her breasts up with the cups of her hands 
and says “this is what I want” is usually best served 
with an augmentation/mastopexy. The data con
firm that if a woman wants to remain approxi
mately the same breast size, she needs upper 

Table 4. Breast Parenchymal Ratio, Breast Mound Elevation, and Areola Diameter before and after Cosmetic 
Breast Surgery

Augmentation Mastopexy Augmentation/Mastopexy Reduction p*

No. 34 34 86 35
Right breast parenchymal ratio
  Preoperative
  Mean 2.10 0.76 1.08 0.65
  SD 0.68 0.23 0.34 0.21
  Range 1.05–3.65 0.39–1.44 0.38–2.27 0.29–1.30
 Postoperative
  Mean 1.61 1.38 1.68 1.60
  SD 0.40 0.35 0.46 0.42
  Range 0.81–2.80 0.80–2.20 1.03–4.12 1.00–3.23
 Difference 0.49 0.62 0.60 0.95 0.001
Left breast parenchymal ratio
  Preoperative
  Mean 2.38 0.89 1.20 0.83
  SD 0.73 0.27 0.37 0.32
  Range 1.40–4.65 0.46–1.57 0.58–2.48 0.25–1.78
 Postoperative
  Mean 1.72 1.55 1.78 1.86
  SD 0.33 0.38 0.41 0.49
  Range 1.00–2.39 0.92–2.75 1.16–3.93 1.22–3.69
 Difference −0.66 0.66 0.58 1.02 <0.001
Breast mound elevation, cm
 Right
  Mean 0.59 5.01 3.88 6.12
  SD 1.08 1.28 1.37 1.64 <0.001
  Range –1.43–3.57 3.12–8.31 1.07–7.11 3.38–10.31
  Left
  Mean 0.31 4.34 3.43 4.96
  SD 0.88 1.55 1.23 1.90 <0.001
  Range −1.56 –2.20 2.15–9.82 0.00–5.92 0.00–10.42
Right areola diameter, cm
 Preoperative
  Mean 4.18 6.10 5.41 7.23
  SD 0.93 1.51 1.29 1.67
  Range 2.51–6.17 3.78–10.03 2.86–8.59 4.73–10.96
  Postoperative
  Mean 5.09 5.06 5.22 4.72
  SD 0.95 0.82 0.72 0.82
  Range 3.69–7.38 3.95–7.63 3.79–7.61 2.99–6.68
 Difference 0.91 −1.04 −0.19 −2.51 <0.001
Left areola diameter, cm
 Preoperative
  Mean 4.21 6.09 5.33 7.03
  SD 0.94 1.47 1.24 1.73
  Range 2.63–6.01 3.17–9.69 2.66–8.16 4.38–11.64
 Postoperative
  Mean 5.14 5.03 5.10 4.76
  SD 0.94 0.82 0.81 0.75
  Range 3.76–7.14 3.83–7.63 3.75–7.57 3.23–6.56
 Difference 0.94 −1.06 −0.23 −2.27 <0.001
*Difference scores for mastopexy, augmentation/mastopexy, and reduction procedures were compared using a oneway analysis of covariance 
with body mass index as the covariate. Bonferroni post hoc tests indicated that the increase in breast parenchymal ratio was significantly greater 
for reduction than for mastopexy (p < 0.01) and augmentation/mastopexy (p ≤ 0.001) on both sides. Breast mound elevation, representing 
the change in level of maximum breast projection, was significantly less for augmentation/mastopexy than for mastopexy (p < 0.01) and reduc
tion (p < 0.001) on both sides. The reduction in areola diameter was significantly greater for reduction than for augmentation/mastopexy  
(p < 0.001) on both sides.
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pole addition (the plus) and lower pole subtrac
tion (the minus).29

Limitations of the Study
The author first performed the vertical tech

nique in 2002; thus, these patients include his learn
ing curve experience. This study tolerates relatively 
short followup times to maximize the inclusion 
rate; it is wellknown that patients are not moti
vated to return for longterm followup for research 
purposes.31 Insistence on a longer followup inter
val (e.g., 1 year) would ensure complete resolution 
of swelling, but would also be expected to reduce 
the inclusion rate31 and raise the risk of selection 
bias. The lack of a significant correlation between 
measurements and followup times suggests that at 
3 months the swelling has sufficiently resolved so as 
not to constitute an important confounding factor.

Strengths of the Study
Treating all patients with only one technique 

removes procedure selection bias that can weaken 
a comparison of cohorts if the patients and pro
cedures are dissimilar (a common practice is to 
use the vertical technique for mild or moderate 
degrees of ptosis and the invertedT technique 
for more severe cases).32 This study embraces the 
concepts of evidencebased medicine in critically 
appraising results, replacing expert opinion and 
its wellknown shortcomings.33

Fig. 10. Illustration of the distribution of right nipple levels 
relative to the level of maximum preoperative breast projection 
(nipple displacement) in 162 women with ptosis presenting for 
a mastopexy, augmentation/mastopexy, or reduction. The right 
nipple was located within 1 cm of the level of maximum preop-
erative breast projection (MPre) in 75 percent of patients.

Table 5. Preferred Areola Diameter*

Preoperative
(n = 75)

Postoperative
(n = 74)

Okay
 Mean (SD), cm 5.24 (1.20) 4.93 (0.71)
  No. (%) 39 (52.0) 69 (93.2)
Too large
 Mean (SD), cm 6.44 (1.63) 5.66 (1.59)
 No. (%) 36 (48.0) 4 (5.4)
Too small
 Mean (SD), cm — 4.96 (—)
  No. (%) — 1 (1.4)
p* <0.01 NS
NS, not significant.
*An independent t test was used to compare the means between the 
“okay” and “too large” groups preoperatively. Because of the large 
difference in sample size, the MannWhitney U test was used to com
pare the postoperative “okay” and “too large” groups.
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CONCLUSIONS
Measurements allow the surgeon to critically 

assess results. A modest increase in breast projec
tion and upper pole projection may be achieved 
with a vertical mastopexy or breast reduction. 

Vertical mammaplasty corrects glandular sag
ging by elevating the lower pole level and breast 
mound. Vertical reduction favorably inverts the 
breast parenchymal ratio. Breast implants provide 
a substantial increase in upper pole projection, 

Fig. 11. Comparison of inverted-T, inferior pedicle reduction (above) and vertical, medial ped-
icle reduction (below) techniques. The inverted-T, inferior pedicle technique relies completely 
on transposition of the nipple with respect to the surrounding breast tissue, with no assist from 
breast mound elevation because the pedicle remains attached at the level of the inframammary 
crease. The nipple is overelevated despite limiting the vertical limb length to 5 cm. The vertical, 
medial pedicle technique benefits from breast mound elevation caused by closure of the vertical 
ellipse, which raises the pedicle, including its base. On average, breast mound elevation provides 
80 percent of the superior nipple movement in vertical breast reduction. Pedicle length is mini-
mized. Diagrams are drawn to actual mean measurements for these procedures.10
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but lower the lower pole level and minimally 
elevate the breast mound. Nipple repositioning 
(<6.5 cm) is preferred over transposition to avoid 
nipple overelevation.
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