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Why is the depth/width ratio of a typical fibroadenoma small in breast
ultrasonography?
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Abstract

Purpose Typical myxomatous fibroadenomas have a small depth/width (D/W) ratio on ultrasonography. The small D/W ratio
of fibroadenomas is speculated to be caused by the softness of the mass and its orientation along the longitudinal aspect of
the ductal elements without adhesion to the surrounding tissue; however, this has not been clearly proven. This study aimed
to confirm the reason why fibroadenomas present with a small D/W ratio on ultrasonography.

Methods We retrospectively analyzed imaging data from 17 patients who were diagnosed with typical fibroadenomas on
ultrasonography and who underwent magnetic resonance imaging (MRI) at our hospital.

Results The median D/W ratio obtained from ultrasonography images was 0.48 (0.32-0.67), while that obtained from MRI
was 1.38 (0.62—1.68). The D/W ratios calculated from MRI were significantly greater than those calculated from ultrasonog-
raphy images (p < 0.001). The D/W ratio obtained using ultrasonography was not greater than the D/W ratio obtained using
MRI in any of the cases.

Conclusion This study revealed that the small D/W ratio of fibroadenomas on ultrasonography may be attributable to the
horizontal force acting on the breast against the chest wall in the supine position, the elasticity of the fibroadenoma, and the
lack of adhesion between the mass and surrounding tissue.

Keywords Breast - Fibroadenoma - Depth/width ratio - Ultrasound - MRI

Introduction the maximum depth diameter of the mass not including

the echogenic halo and maximum parallel diameter to the

Breast ultrasonography is useful for the differential diag-
nosis of breast masses, and several diagnostic criteria to
distinguish between benign and malignant breast tumors
have already been established and are widely used [1, 2].
The depth/width (D/W) ratio of the tumor and the presence
or absence of interruption of the interface between adipose
and gland or an echogenic halo have particularly important
diagnostic value. The D/W ratio is defined as the ratio of
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skin surface [3, 4]. The D/W ratio of breast cancer was first
reported by Kato in 1983 [5]. At present, the D/W ratio is the
only quantitative criteria for differentiating between benign
and malignant breast masses using ultrasonography; a cut-
off value of 0.7 has been adopted to differentiate malignant
tumors from benign ones.

A fibroadenoma is defined as a circumscribed benign
neoplasm of the terminal duct lobular unit with biphasic
proliferation of epithelial and stromal components. It is one
of the most frequently encountered benign breast masses
in clinical practice. A typical myxomatous fibroadenoma is
detected as a well-circumscribed, round to ovoid mass with a
small D/W ratio. At initial screening using ultrasonography,
breast masses that are smaller than 2 cm, have clear and
smooth borders, and have a sufficiently small D/W ratio are
considered to be typical fibroadenomas and are classified as
“category 2” tumors, which means that they do not require
close examination. Notably, fibroadenomas have varying
histopathological types, including hyalinized fibroadenomas
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and atypical fibroadenomas, which may have a large D/'W
ratio. However, classifying a fibroadenoma as benign based
on initial ultrasound findings could help avoid unneces-
sary scrutiny of a typical fibroadenoma with a myxomatous
appearance. The D/W ratio is one of the most important
findings in making such decisions, and thus plays a crucial
role in both screening and treatment of breast masses [1, 2].

The small D/W ratio of a fibroadenoma is theoretically
caused by the softness of the mass and its orientation along
the length of the ductal element without adhesion to the sur-
rounding tissue [6]. However, to the best of our knowledge,
there are no studies that have verified the accuracy of this
theory, and thus, this explanation remains speculative.

While ultrasound examinations are performed in the
supine position, magnetic resonance imaging (MRI) of the
breast is performed in the prone position using a dedicated
breast coil at many facilities. This is because imaging in the
prone position is less susceptible to measurement errors dur-
ing respiration and the breast can be stretched wider, which
is useful in assessing the extent of the lesion on the images.
In this study, we compared the D/W ratio calculated using
ultrasonography and MRI, which have different directions of
gravitational force, to see if we could prove why fibroadeno-
mas have a small D/W ratio on ultrasonography.

Materials and methods

All procedures in our study were performed in accordance
with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration
and its later amendments or comparable ethical standards.
The institutional review board or ethics committee at our
hospital approved this retrospective observational study
(study no. 20-R186). Consecutive patients who underwent
ultrasonography and MRI for breast cancer treatment at
our hospital between March 2020 and October 2020 and
in whom a typical fibroadenoma was incidentally detected
were included in this study. A typical fibroadenoma on ultra-
sonography is an oval mass with well-defined smooth bor-
ders and a small D/W ratio. Since a typical fibroadenoma

presents as a well-defined smooth mass with a high signal
on T2-weighted images (T2WI) on MRI, T2WI were used
in this study because T2WI best delineate fibroadenomas
among other sequences of MRI. Fibroadenomas with a max-
imum diameter between 5 and 20 mm were included in the
study. To correspond with the D/W ratio obtained through
ultrasonography, the direction of gravity was defined as the
longitudinal diameter (D), and the direction perpendicular
to gravity was defined as the transverse diameter (W), in the
MRI (Fig. 1). The D/W ratios of all masses were calculated
retrospectively from ultrasonography images and MRI and
were then compared using univariate analysis (Mann—Whit-
ney U test). Considering the possibility that breast size may
affect the difference in D/W ratio, we measured the breast
thickness in the depth direction using MRI. Single linear
regression analysis was performed to determine the associa-
tion between breast thickness and the D/W ratio obtained
using ultrasonography and MRI.

Results

A total of 17 patients met the inclusion criteria. Patient age
ranged from 29 to 69 years, with a median age of 50 years.
The average depth thickness of the breast was 45 mm,
and the average body mass index (BMI) was 20.5 kg/m?
(Table 1).

The median D/W ratio calculated from ultrasonography
images was 0.48 (0.32-0.67), and the median D/W ratio cal-
culated from MRI was 1.38 (0.62—1.68). The median D/W
ratio obtained from MRI was significantly greater than that
obtained from ultrasonography images (p <0.001) (Table 2).

Table 1 Patient characteristics

Characteristic Total (N=17)
Age (years) 50.0 (29-69)
BMI (kg/m?) 20.5 (17.8-36.3)

Breast thickness (mm) 45.0 (29.0-97.0)

BMI body mass index
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Table 2 Comparing morphological characteristics (depth and width)
of breast masses observed using ultrasonography and magnetic reso-
nance imaging

D/W usS MRI p value
Depth (mm) 4.80 (2.90-10.20) 9.20 (5.40-18.6) <0.001
Width (mm) 10.80 (6.10-18.30) 8.20 (4.50-14.2) 0.008
D/W ratio 0.48 (0.32-0.67) 1.38 (0.62-1.68) <0.001

D/W ratio depth/width ratio, MRI magnetic resonance imaging, US
ultrasonography
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Fig.2 Correlation between breast thickness and the depth-width ratio
measured from magnetic resonance imaging and ultrasonography
images

Fig.3 A representative case

of a 56-year-old woman with

a fibroadenoma. a Ultrasound
images show a well-circum-
scribed, ovoid mass with a small
D/W ratio. b T2-weighted MRI
shows a well-defined smooth
mass with a homogenous high
signal. The D/W ratio measured
using ultrasound was 0.39,
which was smaller than the
D/W ratio measured using MRI
(1.37). D/W ratio depth/width
ratio, MRI magnetic resonance
imaging

There was no case where the D/W ratio obtained using ultra-
sound was greater than that obtained using MRI. Assuming
that the data were normally distributed, the mean difference
between the D/W ratio obtained using MRI and ultrasonog-
raphy was 0.797 (95% confidence interval [CI]: 0.61~0.97).

An increase in breast size was associated with an increase
in the D/W ratio measured using MRI, indicating a positive
correlation; however, this correlation was not statistically
significant (/3 coefficient 0.0028, 95% CI —0.0074 to 0.013,
p=0.57). The D/W ratios measured using ultrasonography
were not correlated with breast size (f coefficient 0.00056,
95% CI —0.0027 to 0.0038, p=0.72) (Fig. 2).

Representative cases for both imaging modalities (ultra-
sonography and MRI) are shown in Figs. 3 and 4. Ultra-
sonography images from both cases showed hypoechoic
masses with well-defined circumscribed borders and D/W
ratios smaller than 0.7. In contrast, MRI from both cases
showed that one of the masses had a D/W ratio greater than
1 and a longer depth profile than the other.

Discussion

Our study results revealed that the shape of the fibroadenoma
may be altered by the effect of gravity during diagnostic
imaging. In the past, the small D/W ratio of fibroadenomas
was theorized to be caused by compression of water sacs,
which were used during ultrasound tomography at that time
[7]. Some speculation also attributed the small D/W ratio
of fibroadenomas to the high tissue elasticity of the mass,
which facilitated easy deformation. However, no reliable
evidence has been presented for these theories. Therefore,
by comparing the D/W ratios obtained through ultrasonogra-
phy performed in the supine position and MRI performed in
the prone position, we could provide some insight into why
the D/W ratios observed in ultrasonography are small. Fur-
thermore, during ultrasonography performed in the supine
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Fig.4 A representative case

of a 66-year-old woman with

a fibroadenoma. a Ultrasound
images show a well-circum-
scribed, ovoid mass with a small
D/W ratio. b T2-weighted MRI
shows a well-defined smooth
mass with a homogenous high
signal. The D/W ratio measured
from ultrasonography images
was 0.78, which was smaller
than that measured from MRI
(D/W ratio, 1.44). D/W ratio
depth/width ratio, MRI mag-
netic resonance imaging

position, the breast is placed horizontally against the chest
wall, and the ducts and glandular lobe structures extend from
the nipple toward the periphery. Fibroadenomas are com-
posed of a normal two-cell layer arrangement of epithelial
elements and stromal proliferation. The stromal compo-
nent is usually of uniformly low cellularity and edematous
[8]. These myxomatous changes in the stroma cause typi-
cal fibroadenomas to be soft due to low fibroblast activity.
On the other hand, cancers are hard due to high fibroblast
activity and fiber production inside and at the border of the
tumors [9]. One of the reasons why cancers are not prone to
deformation is that the tumors are hard and adhere to their
surrounding tissue, while benign tumors such as fibroad-
enomas are soft and do not adhere to the surrounding area,
and are therefore affected by lateral extension of the ana-
tomic structures, which is also thought to reduce the D/W
ratio. They are also affected by the lateral extension of the
anatomical structures, which is also thought to decrease the
D/W ratio.

We selected fibroadenomas with a diameter of 5-20 mm
for our study because the benign or malignant nature of a
fibroadenoma can most accurately be diagnosed using the
D/W ratio when the mass diameter is within this range
(520 mm). If the mass is too small, the shape will resem-
ble that of a sphere, and if it is too large, the mass will be
too long horizontally, indicating a large aspect ratio; in both
cases, it would be difficult to differentiate between benign
and malignant masses. However, breast masses with a diam-
eter between 5 and 20 mm can be diagnosed as benign with
high accuracy if their D/W ratio is 0.7 or less [10].

As expected, the D/W ratio obtained from MRI was sig-
nificantly greater than that obtained from ultrasonography,
indicating that the difference in body position had an effect.
The change in morphology could be explained as follows:
since a fibroadenoma is a substantial mass and not a fluid, it
may rotate in accordance with the direction of gravitational
extension of the mammary tissue. However, when compar-
ing the long axis of the images from the two modalities
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(depth in MRI and width in ultrasonography), ultrasonog-
raphy showed a larger image. Myxomatous fibroadenomas
are found to be elastic and may easily deform on dynamic
examination. Elastography—an imaging test that has
become widespread recently—of a fibroadenoma shows that
the elasticity inside the mass is relatively high; in a typical
case, the elasticity score is 2, which indicates a “soft mass”
[11]. The force of gravity may be pushing against the chest
wall, a solid structure on the dorsal side, while the breasts
are spread laterally in the supine position, thus causing flat-
tening or deformation and rotation of the mass. A myxoma-
tous fibroadenoma has a very high signal on T2WI, which
contributes significantly to the diagnosis, but the finding of
a larger D/W ratio on MRI than on ultrasonography on any
sequence may also support the diagnosis of a benign mass.

Our study had a few limitations. First, this was a single-
center, retrospective study, and there may have been selec-
tion bias. However, to the best of our knowledge, there are
no previous reports that compare the D/W ratios obtained
using ultrasonography and MRI of fibroadenomas, which
we believe is of great importance. Second, the diagnosis of
fibroadenoma could not be confirmed because no histopatho-
logical investigations were performed. However, ultrasound
findings are the gold standard for diagnosing typical myxo-
matous fibroadenomas and are not considered inferior to his-
topathology in this regard. Rather, fibroadenomas that are
histologically diagnosed are often atypical and may not be
appropriate for this study; thus, we chose diagnostic imaging
to identify typical fibroadenomas.

Conclusion

The shape of fibroadenomas was revealed to be altered by
the effect of gravity in different positions during examina-
tion. The small D/W ratio of fibroadenomas on ultrasonogra-
phy could be attributed to the horizontal force acting on the
breast against the chest wall in the supine position, elasticity
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of the fibroadenoma, and lack of adhesion between the mass
and surrounding tissue.
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