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Objective. The aim of this study was to analyse individual and combined sensitivity and specificity of ultrasound and mammography in
breast cancer diagnosis and emphasize the importance of combining breast imaging modalities. Patients and methods. By means of
a cross-sectional study, ultrasound and mammographic examinations
of 148 women (mean age 51.6 ± 10.8 years) with breast symptoms
were analysed. All women underwent surgery and all lesions were examined by histopathology analysis which revealed the presence of 63
breast cancers, and 85 benign lesions. In relation to age, the women
were separated in to a group under 50 years and a group 50 years and
older. Ultrasound and mammographic findings were classified on the
BI-RADS categorical scale of 1-5. Categories 1, 2 and 3 were considered negative, while categories 4 and 5 were positive for cancer. For
statistical data processing the McNemar chi-square test for paired
proportions was used. The differences on the level of p<0.05 were considered statistically significant. Results. In the group under 50 years,
the ultrasound sensitivity was significantly higher than the mammographic sensitivity (p=0.045, c2=4), without a statistically significant
difference in specificity (p=0.24, c2=1.39). In the women over 50, a
significant difference between sensitivity of ultrasound and mammography was not proved (p=0.68, c2=0.17), nor any difference in the
specificities (p=0.15, c2=2.08). In the group consisting of all patients,
the sensitivity of ultrasound was statistically significantly higher in
comparison with the sensitivity of mammography (p=0.04, c2=4.27)
with higher specificity (p=0.04, c2=4). By combining the two methods
in all patients sensitivity of 96.8% was achieved, in patients up to 50
sensitivity was 90.47% and in patients over 50, sensitivity was 100%.
When the two methods were combined in all patients, a decrease in
specificity was noted. Conclusion. The combination of ultrasound and
mammography in breast cancer diagnosis achieves high sensitivity
and the number of undetected breast cancers is reduced to minimum.
Key words: Breast cancer, Ultrasound, Mammography, Sensitivity,
Specificity.
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Introduction
Breast cancer is the most common malignancy in women (1). After lung cancer, it is
the most common cause of death from malignancies that affect the female gender (2)
and in many countries is in the first place, so
it is known as the leading female cancer (3).
Thanks to mammography, breast ultrasound
and the appropriate surgical and postoperative treatment, in recent years there has been
a trend reducing the breast cancer mortality
rate. Mammography is used as a screening
method for early detection of breast cancer
in women after 40, in some countries after
50 years of life, while breast ultrasound is
the imaging of choice in women under 40
years (1). With an appropriate combination
of ultrasound and mammography, the number of undetected breast cancers can be reduced to a minimum.
The aim of this study was to analyse the
individual and combined sensitivity and
specificity of ultrasound and mammography in breast cancer diagnosis and emphasize the importance of combining of breast
imaging modalities.

Patients and methods
By means of a cross-sectional study, ultrasound and mammographic examinations of
148 women with breast symptoms or positive family history for breast cancer in the
period from January 2009 to November
2010 were analysed. All the women underwent surgery and all 148 breast lesions were
examined by histopathology analysis. Histopathology results revealed the presence
of 63 breast cancers, and 85 benign lesions.
Diagnostic imaginings were performed at
the Department of Radiology and Nuclear
Medicine, surgical treatment at the Department of Surgery, and pathohistological analysis at the Department of Pathology of the
Polyclinic for Laboratory Diagnostics of the
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University Clinical Centre, Tuzla. The group
pattern was made consecutively. In relation
to age, the women were separated into two
groups, group A: women up to 50 years and
group B: women 50 years and older. The
breast ultrasound was performed on a “Sonoline G60 S”- Siemens ultrasound machine
with 12 MHz-linear array transducer and
if needed with 7.5 MHz-linear array transducer. Mammography was performed by a
“Mammomat Nova 3000”-Siemens. Standard mediolateral oblique and craniocaudal
views of each breast were taken.
To obtain and read mammography images, cassettes with phosphorus imaging plates
(18x24 and 24x30), mamma-laser drystar
DT-2 films and digitizer type CR 85-X with
an NX workstation were used.
The findings were interpreted by two
radiologists. Additionally, according to the
radiological features of the described pathological changes, ultrasound and mammographic findings were classified on the BIRADS categorical scale of 1-5 (4) as follows:
1. No significant abnormality,
2. Benign finding,
3. Probably benign finding,
4. Suspicious lesions- suspicious abnormality and
5. Highly suggestive of malignancy -malignant lesion.
Categories 1, 2 and 3 were considered
negative, while categories 4 and 5 were considered as positive for cancer. To test the
overall sensitivity and specificity of the two
methods, a positive finding to cancer was
considered if only one or both tests were
positive, and negative to cancer when both
tests had negative findings.
The standard methods of descriptive statistics (mean and standard deviation), standard statistical parameters, and parametric
McNemar chi-square test for paired proportions were used for statistical data processing. The sensitivity and specificity of the
methods were determined by the 2x2 table
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diagnostic test. The differences on the level
of p<0.05 are considered statistically significant.

Results
The study included 148 patients, 63 patients
with breast cancer and 85 patients with benign lesions. The mean age of all the patients
was 51.6±10.8 years, ranging from 19 to 79
years. The mean age of patients with breast
cancer was 55.4±11.4, ranging from 26 to 79
years, while the mean age of patients with
benign lesions was 48.8±9.4, ranging from
19 to 74 years.
In the group A (patients up to 50) there
were 69 (46.6%) patients. Of these, 21
(30.4%) patients had breast cancer and 48
(69.6%) of them had benign lesions. The
ultrasound sensitivity in the group under
50 years was 33.3% higher than the mammographic sensitivity. In this group the
ultrasound sensitivity was significantly
higher than the mammographic sensitivity (p=0.045, c2=4). The specificity of ultrasound was 12.5% higher than mammographic but the difference in the specificities
of the two imaging tests was not statistically
significant (p=0.24, c2=1.39). Combining
the two methods, high sensitivity of 90.5%
was achieved, which was 4.8% higher compared to the sensitivity of ultrasound alone,

and 38.1% higher compared to the sensitivity of mammography alone. The overall specificity of the two methods was 12.5% lower
than mammographic specificity alone, and
25% lower relative to ultrasound specificity
alone (Table 1).
In group B (patients 50-years and older)
there were 79 (53.4%) patients. Of these,
42 (53.2%) patients had breast cancer and
37 (46.8%) of them benign lesions. The ultrasound sensitivity was 4.7% higher than
mammographic sensitivity, while the specificity of ultrasound was 16.2% higher than
mammography. In this group the difference in the sensitivities of the two imaging
tests was not statistically significant p=0.68
(c2=0.17). Also, the difference in the specificities of the two imaging tests was not statistically significant p=0.15 (c2=2.08). Combining the two imaging tests, 100% sensitivity was achieved, but the overall specificity
was 8.1% lower relative to the specificity of
mammography, and 24.3% lower relative to
specificity of ultrasound (Table 2).
In the group consisting of all patients, the
sensitivity of ultrasound was statistically significantly higher relative to the sensitivity of
mammography p=0.04 (c2=4.27). The higher specificity of ultrasound relative to mammographic was noted, also p=0.04 (c2=4).
Combining the two methods high sensitivity
(96.8%) was achieved, but the overall speci-

Table 1 Individual and overall sensitivity and specificity of ultrasound and mammography in women under
50 years
Diagnostic procedures
Reliability

Mammography

Ultrasound

Mammography+
Ultrasound

Sensitivity (%)

52.4

85.7

90.5

Specificity (%)

66.7

79.2

54.2

Positive predictive value (%)

40.7

64.3

46.3

Negative predictive value (%)

76.2

92.7

92.9

Positive likelihood ratio

1.6

4.1

2

Negative likelihood ratio

0.71

0.18

0.17
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Table 2 Individual and overall sensitivity and specificity of ultrasound and mammography in women 50 years
and older
Diagnostic procedures
Reliability

Mammography

Ultrasound

Mammography+
Ultrasound

Sensitivity (%)

90.5

95.2

100

Specificity (%)

64.9

81.1

56.8

Positive predictive value (%)

74.5

85.1

71.9

Negative predictive value (%)

85.7

93.8

100

Positive likelihood ratio

2.6

5

2.3

Negative likelihood ratio

0.15

0.06

-

Table 3 Individual and overall sensitivity and specificity of ultrasound and mammography in all 148 patients
Diagnostic procedures
Reliability
Sensitivity (%)

Mammography

Ultrasound

Mammography+
Ultrasound

77.8

92.1

96.8

Specificity (%)

65.9

80

55.3

Positive predictive value (%)

62.8

77.3

61.6

Negative predictive value (%)

80

93.2

95.9

Positive likelihood ratio

2.3

4.6

2.2

Negative likelihood ratio

0.34

0.1

0.06

Table 4 Sensitivity of ultrasound and mammography in 63 patients with breast cancer
Mammography

Ultrasound
Positive (n; %)

Negative (n; %)

Total (n; %)

Positive (n; %)

46 (73)

3 (4.7)

49 (77.8)

Negative (n; %)

12 (19.1)

2 (3.2)

14 (22.2)

Total (n; %)

58 (92.1)

5 (7.9)

63 (100)

ficity was lower than the specificity of each
method separately. Thus, the overall specificity was 10.6% lower than the specificity of
mammography, and even 24.7% lower than
the specificity of the ultrasound (Table 3).
Table 4 shows that, of all breast cancers,
19.1% were correctly identified as cancer by
ultrasound but not by mammography, while
4.7% of all cancers were correctly identified
as cancer by mammography, but not by ultrasound. Combining the two methods, in
which case the finding is considered positive
30

if both or either test is positive, in two cases
(3.2%) the finding was false negative.

Discussion
Since there is no factor that prevents breast
cancer, like other cancers, the only possible
way to reduce mortality is early detection of
breast cancer.
Mammography is currently the only
breast imaging modality that is widely used
for the screening, while ultrasound is a wide-
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ly used imaging technique in the diagnosis
of mammographic detected or palpable lesions (3, 5). The sensitivity and specificity of
mammography in breast cancer diagnosis is
variable and depends primarily on the age of
the patient and breast density (6).
Considering the age of the patients in
most published studies, the higher sensitivity and specificity of mammography at 50
years and over has been shown compared to
women aged from 40 to 49 (7, 8, 9).
Sibbering and al. (8) compared the sensitivity but not the specificity of mammography in women aged from 50 to 70 (257
women) and women under 50 years of age
(143 women). The sensitivity of the mammography in the first group was 83%, and in
the second, 65% (p=0.001).
The higher sensitivity of mammography
in women aged over 50 was proven in research conducted by Ciatto and al. (7) and
by Dixon and al. (9). In these studies, similar
to Sibbering’s study, the sensitivity of mammography was analysed, but not the sensitivity of the ultrasound.
In our study, the sensitivity of mammography was 38.1% higher in women 50 years
and older in relation to women under 50
years, which is in accordance with published
results (7, 8, 9).
Houssami and al. (10) proved that for
women younger than 50 years, the sensitivity of ultrasound and mammography in relation to age has little variability, but the sensitivity of mammography increases substantially after age 50. Their study also showed
that the difference between the specificities
of these two methods is small and age does
not have any important influence on the
specificity of the methods.
Devolli-Disha and al. (11) showed the
higher accuracy of ultrasound than mammography in symptomatic women below 45
years as well the fact that the sensitivity of
mammography progressively increases after
60 years.

In our study, in the group of women
younger than 50, the sensitivity of ultrasound
was significantly higher (33.3%) in relation
to mammography, while in women over 50
years, this difference was only 4.7%, which is
in accordance with published results.
In 1977, Teixidor and al. (12) published
a study about the individual and combined
sensitivity of these two methods. The study
involved 200 patients and 30 of them had
breast cancer. The sensitivity of mammography was 94%, sensitivity of ultrasound 78%,
while the combined sensitivity was 97%.
The higher sensitivity of mammography
in relation to ultrasound was shown by Negri and al. (13). Combining the two methods, they achieved overall sensitivity equal
to the sensitivity of mammography (89%)
while overall specificity was only 46%.
In the study conducted by Moss and al.
(14) the sensitivity of ultrasound was 88.9%
and mammography 78.9%. Combining the
two methods, overall sensitivity was 94.2%,
but overall specificity was only 67.9% as before.
The significantly higher sensitivity of ultrasound in relation to mammography was
shown by Rotten and Levaillant (15). In their
study specificity values were not published.
Housami and al. (16) conducted research
on a group of patients aged from 25-55 years.
Combining ultrasound and mammography,
they achieved sensitivity of 76.3% and even
100% specificity, which is a difference from
other studies.
Devolli-Disha and al. (11) proved in
their study that ultrasound is a 20.5% more
sensitive and 14.6% more specific method in
relation to mammography.
In our study, combining the two methods high sensitivity of 96.8% was achieved,
while specificity decreased to 55.3%, which
is in accordance with the results of most of
the studies above.
When mammography and ultrasound
are combined, the possibility that breast
31
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cancer will be misdiagnosed is 2.4% according to most results (11, 13-18). Devolli
et al. (11) in their study correctly identified
25.1% of all breast cancers by ultrasound
but not by mammography, while 4.6% of all
cancers were correctly diagnosed by mammography but not by ultrasound, which is
similar to our results (Table 4). In our study
we had 3.2% misdiagnosed cancers, which
means that both methods were negative in
only two cases. This result is in accordance
with the results of other studies (11-18)
which indicates the importance of combining ultrasound and mammography in order
to reduce the number of undetected breast
cancers to a minimum.

Conclusion
In breast cancer diagnosis, in women under
the age of 50, ultrasound is a significantly
more sensitive imaging test than mammography, but in women over 50 years the
sensitivity of both imaging tests is almost
equal. The combination of ultrasound and
mammography achieves high sensitivity so
the number of undetected breast cancers is
reduced to a minimum, but specificity is decreased.
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