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Breast cancer is the most common type of cancer in women and the second leading cause of cancer related deaths in 
the worldwide. Several improvements in diagnostic protocols have enhanced our ability for earlier detection of breast 
cancer, resulting in improvement of therapeutic outcome and an increased survival rate for breast cancer victims but 

each modality is most useful when utilized according to individual traits such as age, risk and breast density. Various imaging modalities used these 
days are Mammography, Ultrasonography,  Magnetic resonance imaging, Positron emission tomography, Thallium-201 scintimammography
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Introduction :-
Breast cancer is the second leading cause of cancer deaths in women 
today and the most common cancer in women. Breast cancer com-
monly affects women older than 40 years of age; however, younger 
women can also be affected, especially those with a genetic predis-
position1.

This article reviews the imaging techniques currently in use for the 
diagnosis of breast cancer, including mammography, positron emis-
sion tomography (PET), magnetic resonance imaging (MRI), and thal-
lium-201. 

Some of the techniques facilitate lesion detection, such as full field 
digital mammography (FFDM), computer aided detection (CAD), so-
noelastography (SE), others are aimed more at lesion characteriza-
tion and increasing the specificity of the examination, for example 
ultrasound, magnetic resonance imaging (MRI) and nuclear medi-
cine. 

IMAGING TECHNIQUES
Mammography
Mammography is the most effective method of detecting early breast 
cancer which is not clinically palpable. It can identify small foci of can-
cer within the breast which otherwise cannot be diagnosed. This has 
resulted in a 30% reduction in the mortality of breast cancer in wom-
en over 50 years of age2.

Mammography has been shown to be quite sensitive in detecting 
breast cancer, but frequently it cannot be used to accurately differ-
entiate benign from malignant lesions3. The only definitive means of 
confirmation of a suspicious lesion seen on mammography is exci-
sional biopsy. In recent years, the clinical use of fine-needle aspiration 
cytology and stereotactic core biopsy of the breast has become more 
common4.

Screen-film mammography(FSM) has long been considered as a 
“gold standard” for breast cancer screening5 (Fig. 1 ). In addition to 
its ability to provide adequate visualization of soft tissue abnormal-
ities, its particular strength is the ability to depict subtle calcifica-
tions (Fig. 2 ).

                                 

 
Figure 1: Mammography-speculated lesion on the cranio-
caudal view of the left breast. 

 
Figure 2: Mammography, magnification view showing fine 
pleomorphic calcifications with a linear distribution in the 
right breast at 10 o’clock posterior depth after intervention 
for an invasive ductal carcinoma.

The most important and widely acknowledged weaknesses of screen-
film mammography are associated with its limited dynamic range, 
contrast characteristics, susceptibility to suboptimal film processing 
conditions, and granularity. It also presents significant limitations 
in detecting very subtle lesions, especially in the presence of dense 
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glandular tissue 6. Standard film-screen mammography (FSM) has 
advantages in terms of cost and availability over the newer technol-
ogy, full-field digital mammography (FFDM). Digital mammography is 
more expensive, at least at the onset7.In a study, when conventional 
and digital mammograms of the same breasts were compared8, they 
found more consistent image quality with better contrast, fewer ar-
tifacts, fewer technically inadequate films and slightly better lesion 
characterization.          

Digital imaging is useful in performing and streamlining needle local-
ization and stereotactic procedures. The time necessary for a patient 
to remain still and in compression for these procedures is greatly re-
duced when using digital imaging. An important advantage of digi-
tal imaging over the traditional approach involves image storage and 
transfer. The digital techniques can improve visualization in dense 
breasts, cosmetically implanted breasts, processes involving the skin, 
and microcalcifications.

The reported sensitivity and specificity of mammography vary from 
55% to 94% and 88% to 99%, respectively, the results being influ-
enced by the variability in technology and prevalence of disease in a 
screening population. The positive predictive value also has been re-
ported to vary from 10% to 35%9. 

Factors that affect the positive predictive value of mam-
mography
Kopans has described the factors influencing the positive predictive 
value of mammography10. These include:

1.	 Prior probability of cancer in patients been screened (preva-
lence of the disease).

2.	 Percentage of women being screened for the first time, which 
inversely affects the positive predictive value.

3.	 Size and stage of the disease. This is probably the most im-
portant factor in assessing the positive predictive value. In the 
population of women with more advanced disease and larger 
tumors, the positive predictive value of mammography is more 
favorable but of course these women have a worse prognosis.

4.	 Interval cancer rate.
 
Computer-aided detection(CAD) program identifies potential abnor-
malities on the images and marks areas on the study that the com-
puter considers to be suspicious11. 

Ultrasonography
Ultrasonography is now a major mode of imaging for the clinical di-
agnosis of breast cancer. Important clinical advances in breast US 
have been the improved benign/malignant differentiation of solid 
breast lesions and the use of US to guide interventional procedures 
such as needle aspirations, core-needle biopsies, and pre-biopsy nee-
dle localizations of breast masses or calcifications12,13. Extended field 
of view imaging provides panoramic high resolution images of the 
entire breast. Tissue harmonic imaging has the potential to improve 
lesion–background contrast and proximal resolution both for breast 
lesions and in particular the axilla , resulting in an improvement in 
overall image quality despite some problems with posterior acoustic 
shadowing14. Another level of improvement to ultrasound analysis 
of breast masses is the development of more sensitive color Doppler 
and power Doppler ultrasound machines, which has the ability to de-
tect flow in solid masses and even to differentiate that flow. 

Different approaches of elasticity imaging have been investigated, 
and at present some are at the stage of developing a practical sys-
tem. Krouskop et al15 measured the elasticity of some diseased tissue 
of  breast and prostate in vitro and showed that the elasticity (Young’s 
modulus) of most malignant tissues was larger than that of normal 
tissues.

Sonoelastography (SE) display the relative stiffness of lesions com-
pared with the stiffness of surrounding tissue. According to the 
equipment type, various colors (256 hues) or gray shades are super 
imposed on 2D images. Stiff areas are coded in blue or dark gray tints, 
while softer, elastic tissues appear in red, green or bright shades of 
gray 16,17. Stiffer areas deform less easily than do their surroundings 
and are depicted as dark on strain images, whereas softer areas de-
form more easily than do their surroundings and are depicted as light. 

Malignant masses typically appear dark and have high contrast with 
background breast tissue during deformation. Benign masses typi-
cally appear lighter and have lower contrast with background breast 
tissue during deformation16.

To classify elastographic images, the 5-score system proposed by 
Ueno and co-workers18 was considered, because it can be easily cor-
related to the 5-score BI-RADS classification, thus allowing a practical 
management of the lesions.                               

Some breast cancers may display benign features (score 1-3) on elas-
ticity imaging19 such as: non-differentiated or papillary ductal car-
cinoma (DCI), mucinous or medullary DCI, infammatory carcinoma, 
hypercellular, necrotic or pseudo-cystic malignant tumors, post-bi-
opsy hemorrhagic lesions or deep small neoplastic nodules20. Large 
cancers, over 2.5 cm in diameter, occasionally have benign elastic fea-
tures (score 2)21.

In addition, malignant lesions tend to be larger on US strain images 
than on corresponding Bmode US images, perhaps because of the 
desmoplastic reaction commonly associated with malignancy18,19,20.

In the literature the sensitivity and specificity for sonoelastography 
ranged between 77.6% and 86.5% values, respectively between 
84.7% and 89.8%, when it was considered benign lesions with elastic-
ity scores 1-3 and malignant lesions with elasticity scores 4-522.

Magnetic Resonance Imaging (MRI)
MRI has exceptional sensitivity for the detection of breast cancer and 
can depict cancers that are entirely occult on conventional imaging. 
In a study, Harms et al23 performed MRI of the breast with rotating de-
livery of excitation of resonance. In 30 breasts with 47 malignant le-
sions and 27 benign lesions, MRI had a sensitivity of 94% and a speci-
ficity of only 37. The authors concluded that MRI of the breast can be 
used in patients with mammographically dense breasts or in patients 
with silicone implants/injection, and to stage disease in patients who 
are candidates for lumpectomy. 

Three different patterns of dynamic contrast enhancement were de-
scribed. The type I shows slow, progressive contrast uptake over time 
and is suggestive of benignity. The type II contrast pattern (plateau) 
shows a rapid uptake in contrast and then a plateau or leveling off of 
uptake, suggesting malignancy. The type III curve shows rapid uptake 
of contrast and then a sudden complete wash-out of contrast. The 
type III pattern (wash-out) is indicative of malignancy24,25. 

                                        

  

Magnetic resonance imaging showing spiculated mass 
lower quadrants of the left breast.
Perfusion and diffusion imaging techniques may help differentiate 
between benign and malignant masses. The apparent diffusion coeffi-
cient (ADC), a marker of cellularity, is lower in invasive malignancies26. 
Malignant tumors appear to have higher relative blood volumes than 
normal breast tissue and benign tumors, so perfusion imaging may 
provide another non-invasive means of tissue characterization.

In a different paper, Harms et al27 reported that fat-suppressed 
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three-dimensional MR breast imaging demonstrated all cancers in 47 
patients with known breast carcinomas; however, the positive predic-
tive value of MRI as determined by this group is no better than that 
of conventional mammography. This group showed that breast cysts 
are hyperintense, whereas masses are hypointense on precontrast im-
ages.

MRI can see breast implants and look for ruptures. MRI can distin-
guish mature scar at the site of lumpectomy from recurrence with 
sensitivities of 93% to 100% and specificities of 88% to 100%. Breast 
MRI is being used increasingly as a problem solving tool in patients at 
high risk for developing breast cancer such as those with BRCA mu-
tations or for indeterminate findings on a mammogram28. The disad-
vantages are that it is expensive, requires injection of a contrast agent 
for functional imaging. Specificity can be limited; it is highly sensitive 
to small abnormalities, cannot image calcifications, can induce claus-
trophobia and requires long scan times in comparison to x-ray mam-
mography29.

Positron-Emission Tomography (PET)
Positron emission tomography is one of the newest imaging tech-
niques. A radioactive substance is injected into an arm vein and goes 
to places in the body where the cells are most active, especially in the 
cancerous tissue. This substance gives off small amount of radiation 
that is detected by a special PET scanner to form an image. A PET scan 
may be combined with computed tomography (CT) to provide both 
an anatomical and functional view of the suspect cells. Breast density, 
previous surgery or radiotherapy do not affect the results of PET and 
unlike MRI, benign breast disease will be negative on PET. 

For the diagnosis of primary and malignant breast carcinoma, Lilien30 
reviewed the world PET literature through early 1993 which pertained 
to breast cancer detection. There were 97 cases of breast cancer pa-
tients reported using PET; overall sensitivity and specificity were 
100% and 85%, respectively. Tse et al31 applied a whole-body imaging 
technique to patients with breast masses or mammographic abnor-
malities using FDG. This was part of a clinical trial to evaluate the fea-
sibility of PET imaging to identify primary breast cancer. In this study, 
PET correctly predicted the diagnosis of 12 of the 14 breast cancers. 
Lymph node status of 11 of the 14 patients was also diagnosed cor-
rectly. This was the first study to prospectively evaluate the feasibility 
of using whole-body PET imaging with FDG to detect breast cancer; 
nevertheless, two false-negatives were seen, and there were three pa-
tients with false-negative axillary lymph nodes.

In a series of 117 patients with primary breast cancer, Schirrmeister 
and colleagues showed that PET was twice as sensitive as the com-
bination of mammography and ultrasound in detecting multifocal 
tumor involvement of the breasts and could upstage the disease in 
some cases32.

PET may be useful in identifying involved axillary nodes and distant 
metastases knowing that axillary nodal status is an important prog-
nostic indicator in breast cancer patients33. PET has shown to be more 
accurate than clinical examination and allows evaluation of more 
distant nodal groups34. PET provides additional information regard-
ing unsuspected distant metastases, and it is more sensitive in the 
detection of bone metastases than technetium bone scans, particu-
larly when they are osteolytic. It is more accurate than conventional 
imaging when clinical suspicion of recurrence is high and is able to 
assess tumour response to primary hormonal and chemotherapy ear-
ly on after commencement of treatment35,36. Although PET can be a 
useful adjunct to mammography in characterizing breast tumors, this 
technique is limited by a low sensitivity to detect small tumors and 
lobular carcinomas37. 

Scintimammography using 201Tl
The first use of this agent for breast imaging was reported in 1978 by 
Hisada et al in two patients with known breast cancer38. This group 
evaluated 173 patients with malignant tumors and 76 benign lesions; 
there were two patients with known breast cancers in the series. The 
authors concluded that 201Tl tumor imaging had a sensitivity and 
specificity of 64% and 61%, respectively, in this pilot study. Subse-
quently, Sluyser and Hoefnagel39 reported on the use of 201Tl imaging 
in a series of 15 patients. Since all 15 patients had known carcinomas 
of the breast, no conclusion can be drawn about the sensitivity and 

specificity in the use of the radiopharmaceutical.

Recently, Waxman et al40 evaluated 81 female patients with 201Tl scin-
tigraphy of the breast because of palpable breast masses. In addition, 
30 females with no palpable breast abnormalities were studied. Of 
44 patients with palpable breast carcinomas, 42 (96%) abnormal-
ities were detected using 201Tl. In 19 patients with palpable breast 
abnormalities shown on biopsy to be benign fibrocystic disease, no 
abnormallities were detected on 201T1 studies. This group concluded 
that  201T1 scintigraphy of  palpable breast lesions is an effective test 
for evaluation of these masses. Sensitivity for detection of malignant 
masses greater than 1.5 cm was high. However, highly cellular adeno-
mas may demonstrate significant 201T1 uptake, resulting in false-posi-
tive 201scintimammography. Also, the technique of supine imaging is 
not optimal for imaging the posterior aspect of the breast and sepa-
rating it from the chest wall. Therefore, it is questionable whether the 
sensitivity and specificity reported by Waxman et al40 can be repro-
duced at other centers.

In conclusion, mammography remains the procedure of choice in 
screening asymptomatic women for breast cancer. However, in pa-
tients with symptoms, other types of imaging play an important role 
in the detection of malignancies. The high cost and lack of availabili-
ty of PET and MRI largely preclude their use . 201Tl is not the imaging 
agent of choice because of its washout and redistribution mechanism 
in tumor cells; low photon energy also makes this agent less optimal 
for imaging. 
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