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Abstract
The aim of the study was to evaluate the usefulness of elastography in the differential diagnosis of
benign and malignant tumours of the mammary gland in dogs. The study was performed to 12 female
dogs of different breeds aged 5-12 years in which tumoral lesions of the mammary gland were found
in the clinical examination. In all the animals elastographic examination of the lesions was carried out
and then the fine-needle aspiration biopsy was performed to determine the nature and degree of
malignancy of the lesions. The examinations proved that benign neoplasms of the mammary gland
showed low stiffness (average 22.42 kPa, range 19 to 42.4 kPa), whereas malignant neoplasms were
characterized by high stiffness (average 235.44 kPa, range 171 to 300 kPa). On the basis of the results
obtained we conclude that the elastography of proliferative lesions of the mammary gland is a useful
diagnostic method for distinguishing benign neoplastic lesions from malignant neoplasms.
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Introduction
Each body tissue is characterized by its natural
flexibility, which can be subject to change as a result
of aging, inflammation, fibrosis as well as neoplastic
lesions. This feature has already been used in the palpable examination of organs since the time of Hippocrates. Tissue elasticity is defined as the proportion of
tension (pressure force) exerted on a tissue to a relative change of its volume (elastic deformation) caused

during the pressure (Lyshchik at al. 2005, Asteria at
al. 2008). Elasticity can be evaluated by measurement
of the pressure force exerted on the tissue and its
deformation. The tissue deformation can be easily
measured by evaluation of high-frequency echo signals whereas a value of tension cannot be evaluated
on the basis of the tissue measurement, therefore
a process of exerting force on the tissue must be
carried out under strictly controlled conditions
(Dobruch-Sobczak and Sudoł-Szopińska 2010, Evans
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at al. 2010, Dobruch-Sobczak and Sudoł-Szopińska
2011, Li and Snedeker 2011). The application of
elastography in medicine as a method that allows
imaging the elastic properties of the soft tissues (the
organs) examined, was described for the first time by
Ophir et al. from the University of Texas Medical
School in Houston in 1991 (Ophir at al. 2000). In
1998, Krouskop et al. determined an extent of deformation of different tissues which occur within the female mammary gland (Ophir at al. 2000). Since then,
a number of studies performed in the human medicine have proved usefulness of the above-mentioned
technique for distinguishing tumoral lesions not only
in the mammary gland but also in the prostatic gland,
thyroid, and lymph nodes as well as for evaluation of
liver fibrosis and muscle diseases (Stawros at al. 1995,
Lyshchik at al. 2005, Itoh at al. 2006, Regner at al.
2006, Asteria at al. 2008, Tanter at al. 2008, Thomas
and Fisher 2009, Athanasiou at al. 2010). The rule of
the elastograph work consists in application of little
pressure on the examined organ by means of an ultrasound probe, which causes deformation of tissues
(Li and Snedeker 2011). At present, Shear Wave Elastography (SWE) is the most advanced technique
which enables objective measurement of stiffness of
a structure examined together with a numerical value
of stiffness (expressed in kPa or m/s) with the use of
an ultrasound effect of Mach cone (like in jet engines)
and Young’s modulus (for extensibility and compressibility of centres) (Dobruch-Sobczak and Sudoł-Szopińska 2010, Evans at al. 2010, Dobruch-Sobczak and Sudoł-Szopińska 2011). Nowadays elastography is used in the human medicine mainly in the
diagnosis of liver fibrosis and breast tumors and reduced the number of unnecessary biopsies (Itoh at al.
2006, Thomas and Fisher 2009, Athanasiou at al.
2010). However in the available literature there is no
information about the application of elastography in
the diagnosis of dog diseases.
The aim of the present study was to evaluate the usefulness of the elastography examination in the differential diagnosis of benign and malignant mammary
gland neoplasms.

Shear wave elastography was performed using the
Aixplorer® ultrasound system machine (SuperSonic
Imagine, Aix en Provence, France). The probe used
for the greyscale and shear wave elastography had
a frequency range of 7.5 to 15 MHz, which at -6 dB
gives axial resolution of 0.3 to 0.5 mm and lateral resolution of 0.3 to 0.6 mm. Results were displayed on
a colour scale according to elasticity expressed in kPa.
The examination was performed in the patients with
dorsal recumbency. During the examination, pressure
on the examined area by means of the probe was not
exerted. In each patient, 3 measurements of the tissue
elasticity were taken for which an average value was
calculated. The fine-needle aspiration biopsy (FNA)
of mammary gland tumors was performed using 0.9
-mm -diameter 920G) attached to a to 10 ml syringes.
The collected material was applied onto a glass slide
and a cytological smear was made. Smears were fixed
by Cytofix® preparation, stained by hematoxylin and
eosin and then evaluated cytologically.

Results
Based on the cytological examination of the
smears following types of mammary gland neoplasms
were diagnosed: benign neoplasms – 5 (41.6%) cases
(including: fibroadenoma – 3 (60%) cases and adenoma – 2 (40%) cases) and malignant neoplasms
– 7 (58.4%) cases of adenocarcinoma (including: solid
carcinoma – 4 (57.1%), spindle cell carcinoma
– 2 (28.6%),, anaplastic carcinoma – 1 (14.3%) cases).

Table1. Results of the elastographic examination of the
mammary gland neoplasms for particular dogs.

No.

Result of cytological
examination

1 fibroadenoma

15.8 ± 2.2

2 fibroadenoma

21.5 ± 3.1

3 fibroadenoma

23.4 ± 4.2

4 adenoma

Materials and Methods
The study was performed in 12 female dogs of
different breeds aged 5-12 years in which tumoral
lesions of the mammary gland were found in the clinical examination. In all the animals examined, SWE
examination of the mammary gland lesions was carried out and then the fine-needle aspiration biopsy
was performed in order to diagnose a type of neoplasm and evaluation of the degree malignancy.

Mean value of
3 measurements
of tissue stiffness
(kPa)

5 adenoma

19.0 ± 2
32.4 ± 5.6

6 solid carcinoma

285.4 ± 19.5

7 solid carcinoma

211 ± 47.9

8 solid carcinoma

183 ± 34.1

9 solid carcinoma

171 ± 44.2

10 spindle cell carcinoma

300 ± 35.1

11 spindle cell carcinoma

202.3 ± 32.2

12 anaplastic carcinoma

295.4 ± 41

Application of shear wave elastography...

Fig. 1. Ultrasound and elastography images of a benign adenoma showing low stiffness. Mean 28.2 kPa.

Fig. 2. Ultrasound and elastography images of adenocarcinoma showing high stiffness. Mean 246.6 kPa.
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Fig. 3. Ultrasound and elastography images of adenocarcinoma. Ultrasound and elastography images of adenocarcinoma showing typical peri-tumoural stiffness.

Fig. 4. Ultrasound and elastography images of adenocarcinoma.

Application of shear wave elastography...
In the elastographic examination of the dogs suffering from benign neoplasms of mammary gland tumors (Fig. 1), low stiffness of tissues was proved, for
which an average value of 3 measurements amounted
from 19.0 ± 2 kPa to 32.4 ± 5.6 kPa (the average value
– 22.42 kPa). In these dogs, no significant differences
in elasticity of both adenofibroma and adenoma were
found. However, in the case of the elastographic
examination of the dogs with malignant neoplasms of
the mammary gland, high stiffness of tissues was proved for which an average value of 3 measurements
amounted from 171 ± 44.2 kPa to 300 ± 35.1 kPa (the
average value – 235.44 kPa) (Fig. 2, 3, 4). The results
of the elastographic examination of the mammary
gland neoplasms for particular dogs have been presented in Table 1.

Discussion
Mammary gland tumors (MGTs) are the most frequently diagnosed neoplasms in female dogs and constitutes approximately 42% of all neoplasms and 82%
of the reproductive system neoplasms (Moulton
1990). They occur most often in bitches aged 10-11
years. In young animals, benign neoplasms of the
mammary gland occur frequently. The benign neoplasms constitute 50-60% of all MGTs, and most of
them are fibroadenomas. The remaining 40-50% represent malignant neoplasms out of which approximately 50% may metastasize. Among benign neoplasms of the mammary gland adenomas or benign
mesenchymal tumors are most often found. The most
frequently diagnosed malignant neoplasms in bithces
are adenocarcinomas, others, such as sarcoma represent only 5% but they have a higher risk of metastasis
than carcinomas (Moulton 1990). Nowadays the
fine-needle aspiration biopsy is a method of choice
that enables collection of the material from tumors
for the cytological examination which makes it possible to distinguish benign from malignant MGTs
(Stavros at al. 1995).
Tremendous progress in the development of
non-invasive imaging techniques has been observed in
recent years. Sonoelastography is a technique that enables both visualization of irregular lesions within tissues and determination of their character (Regner at
al. 2006). In many cases, it makes it possible to qualify
patients for further cytological diagnostics, which, as
a consequence, contributes to the increase in detectability of malignant neoplastic lesions (Bercoff at al.
2004, Asteria at al. 2008, Athanasiou at al. 2010, Li
and Snedeker 2011).
Most of malignant neoplastic lesions which occur
in the mammary gland cause abnormal hyperplasia of
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the stromal fibrous tissue (the so-called desmoplasia),
thanks to which it is possible to assess their ‘hardness’
in the elastographic examination (those lesions are
not subject to deformation) (Li and Snedeker 2011).
The fatty tissue and glandular tissue are subject to the
greatest deformation (they have the lowest value of
Young’s modulus), however, the malignant neoplastic
lesions are not subject to deformation (they have high
values of Young’s modulus) (Dobruch-Sobczak and
Sudoł-Szopińska 2010, Evans at al. 2010,
Dobruch-Sobczak and Sudoł-Szopińska 2011).
Elastography is widely applied in the human medicine for typing the thyroid gland tumors for the
cytological diagnosis, the prostate tumors for the histopathological examination, and is also performed to
evaluate an extent of a fibrosis degree of the organ in
liver diseases (Bercoff at al 2004, Lyshchik at al 2005,
Asteria at al. 2008, Li and Snedeker 2011). There are
many published results of the studies on sonoelastographic differentiation of focal lesions of the female
mammary gland, in which usefulness of this diagnostic
method has been proved (Stavros at al. 1995, Itoh at
al. 2006, Regner at al 2006, Tanter at al 2008, Thomas
and Fisher 2009, Athanasiou at al. 2010).
The first paper on shear wave elastography of the
breast in the human medicine presented the results of
the study obtained from 15 patients (Tanter at al.
2008). In the study, significant differences in elasticity
of the particular tissues which build the female mammary gland were found. Elasticity of the fatty tissue
amounted to 3 kPa, the glandular tissue – 45 kPa,
benign neoplastic tumors < 80 kPa, and malignant
neoplastic lesions > 100 kPa. On the basis of another
study conducted on a group of 52 women, it was
shown that the electrographic examination of the tumoral lesions of the gland is characterized by high
sensitivity (97%), and specificity of the study amounts
to approximately 78% (Evans at al. 2010). In this
study, benign neoplastic lesions showed low elasticity
whereas malignant neoplastic lesions – high elasticity.
The similar results were obtained in the present study
in which an average value for tissue elasticity for benign neoplastic lesions amounted to 22.42 kPa and
was very close to the results of the study on elasticity
of benign tumors of the female mammary gland (average 28 kPa) carried out by Evans et al (2010). On the
other hand, an average value for tissue elasticity for
malignant neoplastic lesions amounted to 235.44 kPa
and was considerably higher than that obtained in
a study on elasticity of tissue regarding malignant
lesions of the female mammary gland (average 140
kPa). Unfortunately, the authors of this study do not
specify a type of malignant neoplasm. Such a difference in an average value for elasticity of malignant
neoplastic lesions of the mammary gland can depend
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on a type of neoplasm or its size. In the present study,
malignant neoplastic lesions of the mammary gland
had a size over 20 mm. It was proved by the study
carried out by Evans et al. (2010) in which malignant
neoplastic lesions ≥ 15 mm were characterized by considerably higher elasticity (average 167 kPa) compared to the lesions with a size lower than 15 mm (109
kPa).
In the present study, fibroadenoma, adenoma, and
adenocarcinoma neoplasms were detected on the
basis of the cytological material.
Most malignant neoplastic changes are characterized by lower elasticity, hence they do not undergo
deformation. Yet, it should be remembered that in
the case of the tumor mixtus tumours containing the
cartilaginous and bone tissue of both malignant and
benign nature, their tissue may be characterized by
higher stiffness, which could lead to false positive results. However, in the case of neoplastic tumours
growing so fast that fibrous tissue hypertrophy does
not take place and they are accompanied merely by an
inflammatory reaction, there is a probability of obtaining false negative results. In such cases the role of
elastography is limited (Dobruch-Sobczak and
Sudoł-Szopińska 2011).
On the basis of the present results, it can be stated
that sonoelastography is a safe and very useful
method that enables differentiation of benign and malignant neoplastic lesions of the mammary gland in
biches. Due to the fact that the elastographic evaluation of tumoral lesions of the mammary gland in female dogs enables determination of a further diagnostic procedure, it can constitute a form of screening
examination in the future, on the basis of which an
animal will be qualified for further diagnostic examination (e.g. biopsy) or appropriate treatment.
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