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Abstract

A good aesthetic outcome is an important endpoint of breast cancer treatment. Subjective ratings,
direct physical measurements, measurements on photographs, and assessment by three-
dimensional imaging are reviewed and future directions in aesthetic outcome measurements are
discussed. Qualitative, subjective scales have frequently been used to assess aesthetic outcomes
following breast cancer treatment. However, none of these scales has achieved widespread use
because they are typically vague and have low intra- and inter- observer agreement.
Anthropometry is not routinely performed because it is impractical to conduct the large studies
needed to validate anthropometric measures, i.e., studies in which several observers measure the
same subjects multiple times. Quantitative measures based on digital/digitized photographs have
yielded acceptable results but have some limitations. Three-dimensional imaging has the potential
to enable consistent, objective assessment of breast appearance, including properties, such as
volume, that are not available from two-dimensional images. However, further work is needed to
define 3D measures of aesthetic properties and how they should be interpreted.
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The goal of plastic surgery of the breast is to recreate a natural appearance that is satisfying
to the patient. Despite the fundamental nature of this outcome, breast aesthetics is poorly
understood and difficult to measure. In this context, aesthetics refers to physical
characteristics of the breast that determine the subjective evaluation of appearance (1).
Although factors such as breast size, shape, and proportion (2-6) are generally understood to
be important, there remains no objective, quantifiable determinants of breast aesthetics that
are universally acknowledged (7). This absence of standards makes it difficult to compare
outcomes of different surgical techniques. It also fosters discord when a discrepancy exists
between the aesthetic impression of the plastic surgeon and the patient. Patients and plastic
surgeons can have significantly different perceptions of body image regarding attractiveness,
natural, and ideal breast shape (8, 9). The relationship between physical appearance and
psychological body image is a central aspect of a patient's quality of life, and study of this
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relationship requires appropriate aesthetic outcome assessment (10-15). It is essential to
characterize the elements of aesthetic breast appearance in order to make meaningful
comparisons between competing surgical techniques, to adequately inform patients of
realistic outcomes, and to make systematic advances in treatment. In addition, objective
measures are crucial for documenting to third party payers and health policy analysts the
clinical value of costly techniques such as autologous breast reconstruction (6, 16, 17).

This article critically reviews current approaches to breast aesthetic measurements:
subjective assessments by human observers, measurements on the patient's body
(anthropometry), measurements on photographs (photogrammetry), and measurements using
three-dimensional images of the breasts.

Subjective Ratings

Typically, visual assessment of breast aesthetics is reported using a crude gradation scale
that is inherently subjective and qualitative (Table 1). Substantial variability has been
reported in the use of common scales of four gradations of cosmetic change (x = 0.21 —
0.31) (18, 19). Likewise, the reported reliability of visual analogue scales is unacceptable (x
=0.13-10.15) (19).

It has been argued that global scales suffer from vague terminology and that more reliable
aesthetic assessments will require separate measurements of individual factors. Subscales
with more explicit criteria for each aesthetic component (e.g., volume) have been
recommended (19), but substantial observer variability was still reported (x = 0.19 — 0.63)
(19). Similarly, subscales of four gradations have been proposed for rating the difference
between treated and untreated breasts in terms of size, shape, skin color and firmness, and
the visibility of surgical scar, but the reliability was low to moderate (x = 0.24 — 0.40) (20).

It is also noteworthy that there is a lack of concordance between different observer groups
(21-23). Sneeuw et al. reported that patients demonstrated significantly greater variation (x <
0.10) in aesthetic scoring compared to professionals (x = 0.64) using 4-point subscales (20).
In contrast, a study by Cohen et al., which employed a global 5-point scale, reported greater
internal consistency among patients (Chronbach o = 0.92) compared to medical
professionals (Chronbach « = 0.74 — 0.89). There was poor inter-observer agreement among
surgeons (x = 0.0 — 0.39) and a weak correlation between surgeons and patients (Spearman p
=0.36 — 0.53) (24).

These studies highlight two major disadvantages of subjective scales. The first is variable
internal consistency and reproducibility as demonstrated by low intra- and inter- observer
agreement (Table 1). Consequently, data averaged from a panel rather than individual
evaluators are often employed, but this approach is time and labor intensive and can reduce
variability but not improve accuracy. The second problem is the lack of a standardized,
explicit scale for analyzing cosmetic outcome. A crude ordinal scale with four or five
categories is imprecise for identifying individual aesthetic elements.

Physical Measurements

Anthropometry is based on linear measurements between surface landmarks (Table 2).
Penn's approach of defining nipple-to-sternal notch and midclavicular point distances based
on 20 women with “aesthetically perfect” breasts has gained broad attention and has been
adopted by some as normative (25). Similarly, the distances between fiducial points were
computed in 66 women in whom one-third had either breast hypertrophy, ptosis, or both
(26). Another study measured the symmetry of 40 patients by computing differences
between the right and left breast and investigated the relationship between subjective ratings
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and linear measurements (27). “Aesthetically perfect breasts” was defined as a breast shape
for which no aesthetic procedure would be indicated. The problem with this definition is that
different surgeons have different notions of when an aesthetic procedure is indicated. For
example, in general, European Plastic Surgeons feel that what American Plastic Surgeons
consider to be the “ideal breast” is really too large and they would recommend a breast
reduction. Twenty two linear measurements were designed and compared to the results with
those of Penn (25) and Smith (26). Nine of the measures were shown to have statistically
significant correlation (Pearson r = 0.459 — 0.592) with breast volume (28).

Symmetry has typically been determined by calculating the difference in measured distances
on the breast mound and nipple/areola complex. In the Breast Compliance Evaluation (BCE)
method, the distance from the point of mid-clavicle to the inframammary fold through the
center of the nipple is measured in both supine and erect positions using a tape measure.
Compliance was calculated from controls and cancer patients by determining the difference
in the measures between the two positions and the aesthetic outcome of treated breasts was
evaluated by comparing the difference between the compliances of the two breasts.
Correlation between BCE and satisfactory cosmetic outcomes was reported, but the
reliability of the measurement is not clear (29). Combination of physical measurement with
subjective ratings was attempted to measure the symmetry by making three measurements
on 72 patients with asymmetrical breasts, but the correlation between the measures and
reproducibility was not analyzed (30). Areola diameter in addition to the distances between
sternal notch-to-nipple, and nipple-to-inframammary fold were measured, and compared
with the subjective ratings for patients with developmental asymmetry (31).

Another study computed the distances between the nipple and the borders of the breast to
calculate the nipple-areola-breast proportion and showed correlation of patient
characteristics and breast proportions. Significant positive linear correlation between age
and areola-breast proportion (Pearson r = 0.47) was reported and areola-nipple proportion
was shown to be significantly larger in higher ptosis grades (32).

Anthropometry can be a useful tool for quantifying aesthetic outcomes. However, this
method has several pragmatic limitations. Fundamental parameters such as breast projection
are difficult to evaluate because of the curvature of the underlying chest wall and mobility of
subcutaneous tissue. Studies of linear measurements on a patient must be done prospectively
and they require an extra intervention, which tends to keep the number of subjects low. It is
not feasible to make a large number of measurements on each subject. If a particular
measurement doesn't prove valuable, one can't retrospectively try a different one. To prove
the validity of a specific measurement, studies across multiple institutions with multiple
observers are needed, which are costly. The relationships to subjective scales is unclear (27,
30, 31, 33, 34). For these reasons, direct measurements have limited utility in routine clinical
practice and are not generally performed.

Photographic Measurements

The value of photographs for subjective assessment of breast aesthetics is confirmed by
comparable results for assessments based on photographs compared to physical examination
(35). Prints produced from digital images, digital images displayed on computer monitor, or
conventional photographs are acceptable to observers for subjective assessment of breast
aesthetics (36).

Rather than simply obtaining subjective ratings based on photographs, several investigators
(35, 37-42) describe measurements calculated on digital/digitized photographs (Table 3).
This approach has yielded encouraging results, but there are limitations to the reported
studies. The majority of these have only been reported in breast cancer patients undergoing
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breast conservation therapy (BCT) and have limited utility for full aesthetic assessment.
They rely on many of the same fiducial points described above for anthropometry, but some
anatomical landmarks may not be visible in photographs (e.g., the inframammary fold).
They also rely heavily on the anatomy of the nipple/areola complex, which may not reflect
independent features of the breast mound. Finally, they typically involve only a single
anterior-posterior (AP) photograph for each patient.

Breast Retraction Assessment (BRA) has been successfully applied in the assessment of
asymmetry (41). The BRA measure is the Euclidean distance between right and left nipples.
Early studies employed the aid of a clear acrylic sheet marked as a grid with the patient
behind the screen, which is functionally equivalent to calculating distances on a digitized/
digital photograph. BRA was compared between normal volunteer and 27 BCT patients, and
the measure was significantly greater for the breast cancer patients than for the control
group. BRA calculations correlated with the size of resection (41).

Van Limbergen et al. (38, 39) calculated four measurements on AP photographs: the vertical
distance from the level of the sternal notch to the nipple (A), the vertical distance from the
level of sternal notch to the inferior pole of the breast (1), the horizontal distance from the
midline to the nipple (M), and the horizontal distance from the midline to the lateral breast
contour (L). They used the differences in each measure between the left and right breasts as
measures of symmetry (e.g., Al). Subjective assessment by a panel comprised of a surgeon,
a radiotherapist, and a non-physician was also made from the photographs using a five-point
scale and the mean panel rating was correlated to the BRA measure. In 142 BCT patients,
significant correlations between BRA and the subjective scores (p = 0.0001: X square test,
Kendall Tau B and Kendall Tau C) were found, with increased BRA associated with poorer
cosmetic outcome. Since the magnification of clinical photographs is not standardized, they
introduced a relative version of the BRA measure (pBRA) equal to BRA divided by the
distance from the sternal notch to the nipple of the untreated breast. Using this measure they
found smaller intra- and inter- observer variability based on pBRA than on subjective
assessments. They also found a significant correlation between pBRA and subjective
assessment at a three-year follow-up except for those with inferomedially located tumors (p
=0.24 - 0.53) (39, 40) (Figure 1).

Some studies have employed a computer program to obtain more consistent measurements
(42). Four measurements were calculated on AP images of 148 women who underwent
BCT. Distances were computed for from each nipple to the contralateral nipple, the inferior
pole of the breast, the midline, and the sternal notch. A 3-member panel comprised of either
health care professionals or patients then assessed the images. Significant differences were
reported in the aesthetic outcome between each method of assessment.

Quantitative and objective measurements of breast ptosis have been designed based on ratios
of distances between fiducial points manually identified in digitized/digital images of
oblique and lateral clinical photographs (pre-operative). The new objective measures of
ptosis showed encouraging levels of concordance with ratings made by experienced
surgeons using a 4-point scale by Regnault (43). The objective measures were found to be
robust to intra- and inter- observer variability in marking fiducial points, including
identifications by “novice” observers. The variability in the objective measurements due to
intra- and inter- observer variability in marking fiducial points was shown to be equivalent
to less than one point on the subjective ptosis scale (44).

Photogrammetry has advantages over anthropometry. A photograph is more efficient and

less intrusive for the patient. It is a permanent record from which it is possible to
retrospectively make a variety of measurements. There is potential for more consistent,
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objective results by analyzing digital/digitized photographs on a computer. The
disadvantages are that some anatomic landmarks may not be visible and the measurements
cannot be obtained following the contours of the patient's body. Some studies have reported
substantial intra- and inter- observer standard deviation for linear measurements on
photographs, related primarily to the lack of consistency in the manual identification of
anatomic landmarks (40). Consistent guidelines for standard photography are critical to
obtaining reproducible assessment of aesthetic outcomes by photogrammetry (45-49).

There are commercial software systems for working with digital/digitized photographs in
plastic surgery, such as Nautilus Plastic Designer™ (NauSoft LLC, St. Louis, MO),
Mirror™ software (Canfield Clinical Systems, Fairfield, NJ), and iIMARS™ software
(IMARS Medical Office Management Systems). However, it should be noted that most
products are focused on data management rather than analysis. Some such systems will
allow the surgeon to simulate or morph the postoperative result in an artistic manner that is
not really representative of the actual surgical outcome.

Three-dimensional Imaging

Several technologies such stereophotogrammetry, laser scanning, three-dimensional digital
photography, and light digitizers can be used to create three-dimensional (3D) images
(Figure 2, Table 4) (50). The use of 3D imaging is well documented in craniofacial and
facial plastic surgery (50-55). For breast surgery, 3D imaging permits evaluation of
differences in volume, surface area, shape, size, contour, and symmetry (51, 56-59). A
single 3D image yields more information regarding breast appearance than multiple
conventional photographs including data regarding some elements of the breast appearance,
such as volume, that are not available from two-dimensional images (7). Assessment of the
degree of soft-tissue edema following surgery is another important application of 3D
imaging (58, 60).

Breast volume is an extremely useful parameter for the correction of breast asymmetry in
breast reconstruction. For example, for a patient seeking delayed unilateral reconstruction,
the calculated volume of the contra-lateral breast could facilitate the selection of implant/
tissue volume that would provide improved symmetry. Many methods have been described
to determine breast volume: water displacement, The Grossman-Roudner device,
thermoplastic casting, biosterometric analysis, and radiographic techniques (24, 61-69).
Most of them are inaccurate, time-intensive, or expensive. Semi-automated (70) or
automated (71) volume calculations from 3D data overcome those limitations. Another
advantage is that point-to-point measurements can be made along the breast surface rather
than by line-of-sight. Moreover, it is possible to rotate the subject on the computer screen to
see not only the front and side views, but also at any angle in between (72).

Galdino et al. analyzed 3D images of over 50 patients who underwent breast reconstruction
(58). They used the images to preoperatively estimate the expander and implant volumes,
decide between TRAM versus DIEP surgeries, and to postoperatively assess breast
asymmetry. Three-dimensional imaging of contralateral breast volume has been used to
estimate volume requirements for breast reconstruction (7). The accuracy and
reproducibility of 3D analysis was tested by comparing breast volumes calculated from 3D
images to actual volumes measured from mastectomy specimens by water displacement.
Difficulty was experienced in the analysis of very ptotic breasts, with a tendency to under
calculate breast volume. Variability in volume analysis was attributed to difficulties in
consistently identifying breast boundaries. Three-dimensional imaging may also be useful
for evaluating longitudinal changes by superimposing images over time (60).
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Commercially available 3D imaging systems for plastic surgeons include features such as
morphing operations and a broad range of art tools for simulation of cosmetic alterations on
images. Some of the popular software systems include 3dMD Breast Analysis™ (3-Q, Inc.,
Atlanta, GA) and 3D Surgeons (Genex Technologies Inc., Kensington, MD). However, as is
the case for systems for analyzing 2D images, some systems for 3D imaging will allow the
surgeon to simulate or morph the postoperative result in an artistic manner that is not really
representative of the actual surgical outcome.

Three-dimensional imaging has tremendous potential for analysis of breast appearance. The
technique does have limitations, particularly for women with large, ptotic breasts and patient
positional changes do influence measurements. Nevertheless, 3D systems may offer the
most accurate means to quantify numerous elements of breast appearance and evaluate
changes over time (58, 73). Further development of this technology might yield a variety of
useful clinical tools to aid surgical planning, patient decision making, and outcomes analysis
(7,72, 73).

CONCLUSIONS

The contemporary goals of breast cancer treatment are not limited to cure but include
maximizing quality of life. All breast cancer treatment has the potential to adversely affect
breast appearance and cause morbidity due to deformity. Developing objective, quantifiable
methods to assess breast appearance is important to understand the impact of deformity on
patient quality of life, guide selection of current treatments, and make rational treatment
advances.

Aesthetics will always be an elusive outcome due to the variability of culture, ethnicity, and
personal preferences. Nevertheless, the physical elements that define breast appearance do
permit objective evaluation and may serve as tools to gain better control over aesthetic
outcomes. Developing tools to more objectively assess the anatomic components of breast
appearance will contribute to better evaluation of aesthetics. More research is needed to
develop an evaluation method with high reliability and reproducibility that is also practical.
A detailed subjective qualitative scale with standardized terminology would improve
communication between reconstructive surgeons and radiation oncologists. Quantitative
calculations based on standardized digital/digitized two-dimensional photography could be a
reliable and reproducible approach that takes advantage of existing, easy access technology.
Three-dimensional imaging has even greater potential, though more substantial development
is needed.

In the absence of an absolute “gold standard”, a comparative analysis of quantitative
aesthetic outcome assessment by medical professionals, assessment by patients, and degree
of patient satisfaction would be useful for identifying factors that influence a woman's
quality of life after breast cancer treatment and rehabilitation and as a check of the
appropriateness of new assessment measures. Highly reliable outcome scales would allow
more meaningful comparison of results and cost-effectiveness among surgical techniques.
They would be applicable not only to breast cancer treatment but to all forms of plastic
surgery of the breast.
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Figure 1.

Breast Retraction Assessment (BRA). AP view of the patient standing behind acrylic grid
plate. X- and Y-axes are marked on the photographs and distances between nipples are
calculated using the grids for calculating BRA.

“Reprinted from Publication Pezner, R.D., et al., Breast retraction assessment: an objective
evaluation of cosmetic results of patients treated conservatively for breast cancer.
International Journal of Radiation Oncology, Biology, Physics, 1985. 11(3): p. 575-8. with
permission from Elsevier”
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Figure 2.

Representative images illustration and measurement capabilities. Left image displayed
laterally rotated image and co-ordinate axes. Right view displayed using the mesh mode and
surface of the breast. Breast projection and volume enclosed between the base and the
surface are quantitatively estimated. Reproduced images by 3dMDtorso Imaging System (3-
Q, Technologies Ltd., Atlanta, GA).

Plast Reconstr Surg. Author manuscript; available in PMC 2011 May 19.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Kim et al.

Subjective Assessments.

Table 1

Page 13

Reference

Pezner (18)

Lowery (19)

Sneeuw (20)

Cohen (24)

Scale

Two 4-point ordinal scales

4-point, subscales (volume,
contour, inframammary
fold, scars), & visual
analogue scales

4-point scale with subscales
(scar, size, shape, color,
firmness)

Questionnaire on breast
aesthetics with 5-point
scale

Subject Population

14 Photographs of BCT
patients

50 photographs of BRC
patients

76 Photograph of BCT
patients

36 photographs of BRC
patients

Findings

Experienced observers had higher agreements than novice
observers. The scales showed low reliability (x = 0.31).

Suggested explicit criteria and to separate various components of
the aesthetic result to improve the reliability of the assessment.
Low reliability was observed: four-point scale (x = 0.31), visual
analogue scale (x = 0.13 - 0.15), subscales (x = 0.19 - 0.63).

Reported higher intra-rater agreement between the nurse and the
oncologist (x = 0.64) but lower inter-rater agreements between
ratings by patients and clinical observers (x < 0.10) using global
4-point scale. Subscales of 4-point scale showed low to moderate
reliabilities (x = 0.24 — 0.40).

Reported better internal consistency (« = 0.92) and more
reliability of ratings (x = 0.57 — 0.88) by patients evaluating their
own results; Ratings by surgeons were not as internally consistent
(Chronbach a = 0.74 — 0.89) and reproducible (x = 0.0 — 0.39) as
patients’ ratings.
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Table 2
Physical Measurements.
Reference Subject Population Findings
Penn (25) 20 aesthetically Normal breasts Linear measurements between fiducial points were compared and tabulated.
Smith (26) 66 patients with breast hypertrophy, Symmetry data for right and left breasts are described.
ptosis, or both
Smith (27) 40 patients with breast asymmetry Weak correlation (r = 0.05 — 0.35) was reported for nipple position relative to

Westreich (28)

Tsouskas (29)

Stark (30)

Hauben (32)

50 women with aesthetically perfect
breasts

151 women (100 normal breasts and 51
BCT patients)

72 women with asymmetrical breasts

37 women with normal breasts

sternal notch, midline, and axilla in relation to subjective score.

Of 22 linear measurement performed, nine measurements were shown to have
significant correlation with breast volume (Pearson r = 0.459 — 0.592).

The reliability of the measurement was not clear.

Breast symmetry was assessed by three linear measurements between fiducial
points and the overall result was compared with patient's own evaluation, but
the correlation between the measures and reproducibility was not statistically
analyzed.

Reported correlation of patient characteristics (age, height, weight, BMI) and
breast proportions and significant positive correlations between age and areola-
breast proportion (Pearson r = 0.47).
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Reference

Pezner (41)

Van
Limbergen (38,
39)

Vrieling (40)

Sacchini (42)

Kim (44)

Table 3
Method or Scale Subject Population
Breast Retraction Patient & clear acrylic 29 Normal women
Assessment (BRA) grid and photographs compared to 27

BCT patients

BRA and panel AP Photographs 142 BCT patients
scoring
BRA and pBRA AP Photographs 647 patients
4 measures of AP Digital images 148 BCT patients

distances between
fiducial points

Ratios of distances digitized/digital
between fiducial images of oblique and
points lateral (pre-operative)

52 BRC patients

Findings

BRA was significantly greater for breast cancer
patients than for the control groups. BRA
calculations correlated with the size of
resection.

Significant correlations between BRA and the
subjective scores were found. Increased BRA
associated with poorer cosmetic outcome. p =
0.0001: X square test, Kendall Tau B and
Kendall Tau C

Found a significant correlation between pBRA
and subjective assessment at a three-year
follow-up except for those with inferomedially
located tumors (p = 0.24 — 0.53).

A 3-member panel, comprised of either health
care professionals or patients, assessed the
images. Significant difference in the aesthetic
outcome among groups was reported.

The variability in the objective measurements
due to intra- and inter- observer variability in
marking fiducial points was shown to be
equivalent to less than one point on the
subjective ptosis scale.
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Table 4

Reference  Test Population
Galdino (58)  Over 100 patients of 5 types
of breast surgery

Kovacs (7) 1 BRC patient

Losken (60) 14 BRC patients

Findings

Extremely large breasts need additional manual intervention to capture the image. Volume of
breasts with significant ptsosis can be overestimated (contrast with the observation by Losken

(60)).

Breast volume was easily calculated in the virtual models as done with thermoplastic casts.
Some technical limitations were observed

Difficulty was experienced in the analysis of very ptotic breasts, with a tendency to under
calculate breast volume (contrast with the observation by Galdino (58)). Inherent difficulties in
consistently identifying breast boundaries were observed
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