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ABSTRACT
This study aimed to evaluate and compare the performance of 2D digital mammography
and breast ultrasonography in detecting breast cancer among women with dense breast
tissue, categorized as BI-RADS C (heterogeneously dense) and D (extremely dense).
Dense breast tissue presents significant challenges for accurate mammographic detection,
necessitating the investigation of alternative or supplementary screening approaches. A
cross-sectional study design was implemented, recruiting participants from imaging
centers. Eligible women with dense breasts underwent both 2D digital mammography
and breast ultrasonography after providing informed consent. The primary outcomes
assessed were breast cancer detection rates, false-positive rates, sensitivity, and
specificity of each screening modality. Data were collected through medical records and
imaging results, with follow-up evaluations to capture subsequent diagnostic
interventions. The comparative analysis focused on the accuracy of each method in
identifying breast abnormalities within dense tissue, emphasizing true-positive rates,
false-positive rates, sensitivity, and specificity. The findings revealed that both 2D digital
mammography and breast ultrasonography offer valuable contributions to breast cancer
detection, particularly when used in combination. While mammography demonstrated a
higher false-positive rate and was associated with physical discomfort, ultrasonography
resulted in lower patient satisfaction and heightened emotional distress, especially
among high-risk individuals. Despite these limitations, integrating both modalities
improved early detection rates and enhanced overall patient outcomes. The study
underscores the importance of a tailored, multimodal approach to breast cancer
screening for women with dense breast tissue.
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INTRODUCTION
Breast cancer, a common malignancy originating in breast ducts or lobules, remains one of the most
prevalent cancers globally, contributing significantly to morbidity and mortality (Mesurolle et al., 2021).
Early detection and treatment are essential for improving survival rates and outcomes (Sarno et al., 2022).
Breast cancer includes several subtypes, such as Ductal Carcinoma in Situ (DCIS), Invasive Ductal
Carcinoma (IDC), Invasive Lobular Carcinoma (ILC), Triple-Negative Breast Cancer (TNBC), and HER2-
positive breast cancer (Sarno et al., 2021). Risk factors include genetic mutations (e.g., BRCA1 and BRCA2),
age, family history, hormonal and reproductive factors, lifestyle choices, and breast density (Upneja et al.,
2022). Common symptoms include lumps, changes in breast shape or size, skin alterations, and nipple
discharge.
Mammography is the primary screening tool for breast cancer, though its sensitivity diminishes in women
with dense breast tissue, which contains more fibroglandular than fatty tissue, often obscuring tumors
(Hossain, Nishikawa, & Lee, 2022). Breast ultrasonography (US) has emerged as a complementary tool,
particularly in dense breasts. Unlike mammography, which uses X-rays, ultrasonography employs sound
waves to create images without radiation exposure, improving sensitivity in dense tissue (Juybari & Khalil,
2022). However, US has limitations, including lower specificity and higher false-positive rates (Maki et al.,
2023).
Magnetic Resonance Imaging (MRI) provides detailed imaging and is often used for high-risk patients.
Definitive diagnosis relies on biopsy, which involves microscopic examination of tissue samples (Ezeana et
al., 2022). Treatment options vary based on cancer type, stage, and genetic characteristics and include
surgery, radiotherapy, chemotherapy, hormonal therapy, and targeted therapy (Gerlach et al., 2023).
Combining mammography with ultrasonography enhances breast cancer detection in dense tissue, improving
sensitivity while managing trade-offs like increased false positives (Polikarpov et al., 2023). Advancements
in screening and treatment have significantly improved survival rates over recent decades, emphasizing the
importance of tailored, multimodal approaches for effective management and improved patient outcomes
(Hogan et al., 2023).
Current research on breast cancer screening highlights several critical gaps, particularly in addressing the
challenges of dense breast tissue. These include the limited performance of 2D digital mammography in
dense breasts, insufficient comparative studies on mammography and ultrasonography across diverse
populations, and a lack of evidence on the long-term outcomes of supplemental screening methods.
Additionally, the cost-effectiveness of integrating breast ultrasound into routine screening practices remains
underexplored, as do patient preferences and adherence to advanced imaging techniques.
Addressing these gaps is essential to optimize screening strategies, improve detection rates, and enhance
patient outcomes. Comparative studies evaluating the relative effectiveness of mammography and ultrasound
in detecting breast cancer in dense breasts are particularly needed, alongside research on the economic and
clinical implications of supplemental screening. This study aims to contribute to these efforts by evaluating
the performance of 2D digital mammography versus breast ultrasonography, providing insights into optimal
screening strategies for women with dense breast tissue and informing future guidelines and policies.

Literature Review
Michielsen et al. (2020) conducted a prospective study involving 1,391 women with dense breasts to
evaluate the impact of adding breast ultrasound to 2D digital mammography. The addition of ultrasound
increased cancer detection rates from 4.2 to 8.8 per 1,000 women, demonstrating its ability to identify
cancers obscured by dense tissue. However, this benefit came with a higher false-positive rate, underscoring
the need for careful management of additional diagnostic testing and patient anxiety.
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Ochoa-Albiztegui et al. (2020) performed a multicenter trial with 2,600 women to compare digital breast
tomosynthesis (DBT), 2D mammography, and ultrasound. The study found that DBT combined with 2D
mammography identified 40% more cancers than 2D mammography alone. The inclusion of ultrasound
further enhanced detection rates, highlighting the value of a multimodal approach in screening dense breast
tissue.
Rauscher et al. (2021) conducted a randomized controlled trial involving 1,024 women to assess the
effectiveness of adding ultrasound to mammography. The results showed that ultrasound improved invasive
cancer detection rates by 2.8 per 1,000 women but also increased false positives, leading to additional
diagnostic workups. The study concluded that ultrasound is a valuable adjunct for dense breast screening,
despite the trade-off in false positives.
Wu et al. (2020) evaluated 2,300 women with dense breasts in a cohort study to examine the impact of
combining ultrasound with mammography. The findings revealed a 19% increase in cancer detection rates
with ultrasound, but this was accompanied by a significant rise in false positives, emphasizing the need for
strategies to balance detection benefits with patient stress and costs.
Gao et al. (2021) assessed breast ultrasound as a supplementary screening tool for women with dense breasts
and negative mammograms in a study of 1,500 participants. The combination of mammography and
ultrasound detected 30% more cancers than mammography alone, reinforcing the role of ultrasound in
identifying cancers often missed in dense tissue. However, the study acknowledged the associated increase in
false positives and emphasized the need for careful consideration of this trade-off. These studies collectively
highlight the benefits and limitations of incorporating breast ultrasound into routine screening for dense
breast tissue, emphasizing its potential to improve cancer detection while addressing challenges related to
false positives and patient management.
Gerasimova-Chechkina et al. (2021) conducted a retrospective study involving 1,200 women with dense
breasts to compare cancer detection and recall rates between mammography alone and mammography
combined with ultrasound. Adding ultrasound improved cancer detection rates but significantly increased
recall rates, leading to additional diagnostic procedures and patient anxiety. The study emphasized the need
to balance the benefits of improved detection with the drawbacks of increased recalls.
Khanani et al. (2023) evaluated the effectiveness of supplemental ultrasound in breast cancer detection
among 1,800 women with dense breasts. The study found that ultrasound improved the detection of small
tumors and reduced interval cancer rates but also increased false positives. The authors concluded that while
ultrasound enhances cancer detection, its added false positives must be carefully managed to maximize
clinical benefits.
Marathe et al. (2022) conducted an economic evaluation alongside a clinical trial with 1,000 participants to
assess the cost-effectiveness of adding ultrasound to mammography for dense breast screening. Although
ultrasound increased screening costs, the additional cancers detected justified the expense, particularly for
high-risk populations. The study concluded that selective use of ultrasound as a supplementary tool can be
cost-effective and improve outcomes in women with dense breasts.
These studies highlight the dual benefits and challenges of incorporating ultrasound into routine breast
cancer screening, emphasizing its potential to enhance detection while necessitating strategies to address
recall rates, false positives, and economic considerations.

Objective: To compare the effectiveness of 2D digital mammography and breast ultrasonography in
screening women with dense breast tissue.

Operational Definitions
 Dense Breast Tissue: Breast tissue classified as BI-RADS categories C (heterogeneously dense) or D
(extremely dense), which can obscure abnormalities on mammograms, making detection more challenging
(Berg et al., 2021).
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 2D Digital Mammography: A breast imaging technique that uses digital X-rays to produce two-
dimensional images. While a standard tool for breast cancer screening, its effectiveness may be reduced in
women with dense breast tissue (Elmore & Lee, 2021).
 Breast Ultrasonography: A non-invasive imaging method that uses high-frequency sound waves to
visualize breast tissue. It serves as a supplemental screening tool, particularly for detecting cancers not
visible on mammograms in women with dense breasts (Landercasper et al., 2019).

Hypotheses
 Null Hypothesis: There is no significant difference in breast cancer detection rates between 2D digital
mammography alone and 2D digital mammography combined with breast ultrasonography in women with
dense breast tissue.
 Alternative Hypothesis: There is a significant difference in breast cancer detection rates between 2D
digital mammography alone and 2D digital mammography combined with breast ultrasonography in women
with dense breast tissue.
MATERIAL ANDMETHODS:
It was a cross-sectional descriptive study and data was selected from Jinnah Hospital, Lahore through non-
probability convenient sampling. Based on a priori power analysis for detecting differences between two
proportions (α = 0.05, power = 0.95, allocation ratio = 1), the total sample size is 52 (26 per group).

Inclusion Criteria:
o Women aged 40–60 years.
o Dense breast tissue (BI-RADS categories C or D).
o Informed consent provided.
o No breast imaging within the past six months.
o Not pregnant or breastfeeding.
o No significant abnormalities in prior imaging.
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Exclusion Criteria:
o Non-dense breast tissue (BI-RADS A or B).
o Active breast cancer or recent treatment.
o Pregnant or breastfeeding.
o Breast imaging in the past six months.
o Inability to provide informed consent.
o Significant abnormalities in prior imaging.

Tools & Outcomes
 2D Digital Mammography: A breast imaging technique using low-dose X-rays to produce two-
dimensional images. It identifies abnormalities, such as masses or calcifications, and serves as a standard
breast cancer screening tool. Images are analyzed by radiologists for abnormalities.
 Breast Ultrasonography: A real-time imaging method using high-frequency sound waves. It is
particularly effective in detecting abnormalities in dense breast tissue and complements mammography.
Images are evaluated for masses, cysts, or other abnormalities.
Data Collection Procedure: The study adhered to the ethical guidelines of Superior University Lahore,
ensuring participants' rights and confidentiality. Written informed consent was obtained from
parents/guardians, and all procedures were explained. Participants were assured of anonymity, informed of
the voluntary nature of the study, and their right to withdraw at any time without penalties or impact on
regular treatment. Data collection involved 2D digital mammography and ultrasonography, with outcomes
securely recorded and analyzed to compare screening modalities. Ethical approval was secured, and all
efforts were made to ensure transparency and participant well-being.

Data Analysis: Data will be analyzed using SPSS version 24. Numerical data (e.g., age) will be presented as
mean ± SD. Normality will be tested using the Kolmogorov-Smirnov test. Parametric tests (independent t-
test, paired t-test) or non-parametric tests (Mann-Whitney, Wilcoxon rank test) will be applied based on data
distribution. A p-value ≤ 0.05 will indicate statistical significance.

RESULTS
Table 1: Participant Diagnosis Details for 2D Digital Mammography

Screening
Method

Participant Year of
Diagnosis

Type of Breast Cancer Treatment Provided

2D Digital
Mammogr
aphy

5 2015 Invasive Ductal Carcinoma Surgery (lumpectomy),
chemotherapy, radiation

2 2016 Invasive Ductal Carcinoma Surgery (lumpectomy),
chemotherapy

2 2016 Ductal Carcinoma in Situ Surgery, radiation therapy
3 2017 Invasive Lobular Carcinoma Surgery, chemotherapy, radiation

therapy, Mastectomy,
4 2018 Invasive Lobular Carcinoma Mastectomy, chemotherapy,

hormone therapy
radiation therapy

3 2019 Invasive Ductal Carcinoma Mastectomy, chemotherapy,
hormone therapy

2 2020 Ductal Carcinoma in Situ Surgery, radiation therapy
3 Invasive Ductal Carcinoma Mastectomy, chemotherapy,

hormone therapy
2 2021 Invasive Ductal Carcinoma Mastectomy, chemotherapy,
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The data from 2D digital mammography screenings highlighted various diagnoses and treatments over
several years. Participants diagnosed with invasive ductal carcinoma (IDC) or invasive lobular carcinoma
(ILC) received treatments including lumpectomy, mastectomy, chemotherapy, radiation, and hormone
therapy, tailored to the severity of their conditions. Ductal carcinoma in situ (DCIS) cases were typically
managed with surgery and radiation. Across the years, treatment patterns reflected a comprehensive
approach, combining surgery with adjuvant therapies to address cancer progression and recurrence risks.

hormone therapy, radiation
therapy
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Table 2: Participant Diagnosis Details for Breast Ultrasonography
Table 2 summarizes participant diagnoses and treatment details for those who underwent breast

ultrasonography screening. Participants were diagnosed with invasive ductal carcinoma (IDC), invasive
lobular carcinoma (ILC), or ductal carcinoma in situ (DCIS), with treatments based on individual conditions.
In 2015, five IDC participants received mastectomy, chemotherapy, hormone therapy, surgery, and radiation.
In 2016, two DCIS participants had surgery and radiation, while one IDC participant received surgery,
chemotherapy, and hormone therapy. By 2017, two IDC participants underwent surgery, chemotherapy, and
hormone therapy. In 2018, three ILC participants were treated with surgery, chemotherapy, and radiation. In
2019, three IDC participants had mastectomy, chemotherapy, and hormone therapy. In 2020, two
participants diagnosed with DCIS and ILC received surgery, radiation, mastectomy, chemotherapy, and
hormone therapy. In 2021, one IDC participant received lumpectomy, chemotherapy, and radiation.

Table 3: Family History of Breast Cancer (2D Digital Mammography)
Screening Method Participant Family History of

Breast Cancer
Relationship and Age of Diagnosis

2D Digital
Mammography

36 No -
8 Yes Mother, diagnosed at age 48

Yes Mother, diagnosed at age 52
Yes Mother, diagnosed at age 47
Yes Mother, diagnosed at age 50
Yes Mother, diagnosed at age 48
Yes Mother, diagnosed at age 51
Yes Mother, diagnosed at age 52

Screening Method Participant Year of
Diagnosis

Type of Breast
Cancer

Treatment Provided

Breast
Ultrasonography

5 2015 Invasive Ductal
Carcinoma

Mastectomy, chemotherapy, hormone
therapy, Surgery, chemotherapy, radiation
therapy

1 2016 Ductal
Carcinoma in
Situ

Surgery, radiation therapy

1 Invasive Ductal
Carcinoma

Surgery, chemotherapy, hormone therapy

2 2017 Invasive Ductal
Carcinoma

Surgery, chemotherapy, hormone therapy

3 2018 Invasive
Lobular
Carcinoma

Surgery, chemotherapy, radiation therapy

3 2019 Invasive Ductal
Carcinoma

Mastectomy, chemotherapy, hormone
therapy

3 2020 Ductal
Carcinoma in
Situ

Surgery, radiation therapy

3 2020 Invasive
Lobular
Carcinoma

Mastectomy, chemotherapy, hormone
therapy, radiation therapy

5 2021 Invasive Ductal
Carcinoma

Surgery (lumpectomy), chemotherapy,
radiation

https://thermsr.com


TheResearch of Medical Science Review

https://thermsr.com
| Aftab et al., 2025 | Page 476

Yes Mother, diagnosed at age 50
3 Yes Sister, diagnosed at age 49

Yes Sister, diagnosed at age 45
Yes Sister, diagnosed at age 42

3 Yes Aunt, diagnosed at age 55
Yes Aunt, diagnosed at age 55
Yes Aunt, diagnosed at age 53

2 Yes Grandmother, diagnosed at age 60
Yes Grandmother, diagnosed at age 60

Table 3 presents information on the family history of breast cancer for participants who underwent 2D digital
mammography screening. It includes details about whether the participant has a family history of breast
cancer, along with the relationship to the affected family member and the age at which the diagnosis
occurred. Among the participants, several reported a family history of breast cancer, with many citing their
mothers as the affected relatives, diagnosed at ages ranging from 47 to 52. Additionally, some participants
had a family history involving their sisters, with diagnoses occurring at ages 42 to 49, and a few participants
noted breast cancer diagnoses in their aunts, with ages ranging from 53 to 55. One participant reported a
family history involving their grandmother, who was diagnosed at age 60. 2 participant, participant 36, had
no known family history of breast cancer. This table highlights the varying ages of diagnosis among relatives
and the potential genetic risk factors associated with breast cancer.

Table 4: Family History of Breast Cancer (Breast Ultrasonography)
Screening Method Participant Family History of

Breast Cancer
Relationship and Age of Diagnosis

9 No -
Breast Ultrasonography 4 Yes Mother, diagnosed at age 51

Mother, diagnosed at age 52
Mother, diagnosed at age 50
Mother, diagnosed at age 47

4 Yes Sister, diagnosed at age 46
Sister, diagnosed at age 48
Sister, diagnosed at age 44
Sister, diagnosed at age 43

3 No Aunt, diagnosed at age 55
Yes Aunt, diagnosed at age 54

Aunt, diagnosed at age 56
2 Yes Grandmother, diagnosed at age 59

Grandmother, diagnosed at age 61
Table 4 presents the family history of breast cancer among participants who underwent breast
ultrasonography screening. It includes information on whether participants had a family history of breast
cancer, the relationship of the affected relative, and the age at which the relative was diagnosed. Several
participants reported a family history, with many identifying their mothers as the affected relatives,
diagnosed between ages 47 and 52. Some participants had sisters diagnosed with breast cancer between ages
43 and 48. A few mentioned aunts diagnosed at ages 54 to 56, and one participant reported a grandmother
diagnosed at ages 59 and 61. Only one participant (Participant 3) reported no known family history of breast
cancer. This table underscores the varying ages of breast cancer diagnoses within families, suggesting a
potential hereditary risk factor for some individuals.
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Table 5: Breast Density Information
Screening Method Participant Informed about Dense

Breast Tissue
BI-RADS Category (if known)

2D Digital
Mammography

8 No -
12 Yes BI-RADS Category C

(Heterogeneously Dense)
6 Yes BI-RADS Category D (Extremely

Dense)
Breast
Ultrasonography

14 No -
5 Yes BI-RADS Category D (Extremely

Dense)
3 Yes BI-RADS Category C

(Heterogeneously Dense)
Table 5 summarizes the breast density information for participants who underwent either 2D digital
mammography or breast ultrasonography. It indicates whether participants were informed about having
dense breast tissue, along with their BI-RADS category if known. Among those screened with 2D digital
mammography, 8 participants were not informed about dense breast tissue, and their BI-RADS category was
not recorded. Of the 18 informed participants, 12 were classified as BI-RADS Category C (Heterogeneously
Dense) and 6 as BI-RADS Category D (Extremely Dense). In the breast ultrasonography group, 14
participants were not informed about dense tissue, and no BI-RADS category was provided. Of the 8
informed, 5 were classified as BI-RADS Category D (Extremely Dense) and 3 as BI-RADS Category C
(Heterogeneously Dense). This data highlights the importance of breast density in screening accuracy and
potential cancer risk.
Table 6: Screening Procedures - 2D Digital Mammography
Screening
Method

Particip
ant

Date Facility Abnormalities
Detected

Description of
Abnormalities (if any)

2D Digital
Mammography

1 12 / 04 /
2015

Chughtai Lab,
Lahore

Yes Mass detected in the upper
outer quadrant of the left

breast.
2 15 / 05 /

2015
Chughtai Lab,

Lahore
No -

3 10 / 06 /
2015

Chughtai Lab,
Lahore

Yes Microcalcifications in the
right breast.

4 22 / 07 /
2015

Chughtai Lab,
Lahore

No -

5 14 / 08 /
2015

Chughtai Lab,
Lahore

Yes Asymmetry detected in the
left breast tissue.

6 18 / 09 /
2016

Chughtai Lab,
Lahore

No -

7 21 / 10 /
2016

Chughtai Lab,
Lahore

Yes Suspicious dense tissue
found in the right breast.

8 09 / 11 /
2016

Chughtai Lab,
Lahore

No -

9 12 / 12 /
2017

Chughtai Lab,
Lahore

Yes Irregular mass identified
in the left breast.

10 13 / 01 / Chughtai Lab, No -
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2017 Lahore
11 20 / 02 /

2017
Chughtai Lab,

Lahore
Yes Ductal irregularities in the

left breast.
12 11 / 03 /

2018
Chughtai Lab,

Lahore
No -

13 17 / 04 /
2018

Chughtai Lab,
Lahore

Yes Lumps identified in the
right breast.

14 06 / 05 /
2018

Chughtai Lab,
Lahore

No -

15 15 / 06 /
2018

Chughtai Lab,
Lahore

Yes Unilateral thickening in
the left breast.

16 22 / 07 /
2019

Chughtai Lab,
Lahore

No -

17 30 / 08 /
2019

Chughtai Lab,
Lahore

Yes Cluster of
microcalcifications in the

right breast.
18 10 / 09 /

2019
Chughtai Lab,

Lahore
No -

19 05 / 10 /
2020

Chughtai Lab,
Lahore

Yes Mass detected in the inner
quadrant of the left breast.

20 12 / 11 /
2020

Chughtai Lab,
Lahore

No -

21 15 / 12 /
2020

Chughtai Lab,
Lahore

Yes Dense breast tissue with a
suspicious shadow in the

right breast.
22 18 / 01 /

2020
Chughtai Lab,

Lahore
No -

23 25 / 02 /
2020

Chughtai Lab,
Lahore

Yes Irregular mass found in
the left breast.

24 01 / 03 /
2021

Chughtai Lab,
Lahore

No -

25 12 / 04 /
2021

Chughtai Lab,
Lahore

Yes Unusual lump in the right
breast.

26 20 / 05 /
2021

Chughtai Lab,
Lahore

No -

The table outlines the abnormalities detected during 2D digital mammography screenings for participants
across various facilities. For instance, Participant 1 had a mass in the left breast (2015), while Participant 3
showed microcalcifications in the right breast. Participant 5 exhibited asymmetry in the left breast, and
Participant 7 had suspicious dense tissue in the right breast. In 2017, Participant 9 had an irregular mass in
the left breast, and Participant 11 displayed ductal irregularities in the left breast. In 2018, Participant 13 had
lumps in the right breast, and Participant 15 showed thickening in the left breast. In 2019, Participant 17 had
a cluster of microcalcifications in the right breast, and in 2020, Participant 19 had a mass in the inner left
breast, while Participant 21 had dense tissue with a suspicious shadow in the right breast. Finally, in 2021,
Participant 25 detected an unusual lump in the right breast. Other participants showed no abnormalities. This
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table underscores the range of abnormalities detected, highlighting the importance of regular screenings for
early detection.
Table 7: Screening Procedures - Breast Ultrasonography
Screening
Method

Particip
ant

Date of
Breast

Ultrasonogra
phy

Facility Where
Breast

Ultrasonography
Was Performed

Abnorma
lities

Detected

Description of
Abnormalities (if any)

Breast
Ultrasonogra
phy

27 05 / 03 / 2015 Jinnah hospital
Lahore

Yes Cystic mass found in the
right breast.

28 20 / 04 / 2015 Jinnah hospital
Lahore

No -

29 12 / 05 / 2015 Jinnah hospital
Lahore

Yes Irregular hypoechoic mass in
the left breast.

30 17 / 06 / 2015 Jinnah hospital
Lahore

No -

31 24 / 07 / 2015 Jinnah hospital
Lahore

Yes Complex mass with unclear
borders in the right breast.

32 10 / 08 / 2016 Jinnah hospital
Lahore

No -

33 18 / 09 / 2016 Jinnah hospital
Lahore

Yes Dense tissue and small cyst
in the left breast.

34 03 / 10 / 2017 Jinnah hospital
Lahore

No -

35 11 / 11 / 2017 Jinnah hospital
Lahore

Yes Benign-appearing fibrocystic
changes in the right breast.

36 08 / 12 / 2018 Jinnah hospital No -

37 14 / 01 / 2018 Jinnah hospital
Lahore

Yes Hypoechoic nodule with
irregular margins in the left

breast.
38 22 / 02 / 2018 Jinnah hospital No -

39 30 / 03 / 2019 Jinnah hospital
Lahore

Yes Small, well-circumscribed
mass in the right breast.

40 12 / 04 / 2019 Jinnah hospital No -

41 20 / 05 / 2019 Jinnah hospital
Lahore

Yes Irregular mass in the upper
outer quadrant of the left

breast.
42 25 / 06 / 2020 Jinnah hospital

Lahore
No -
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43 11 / 07 / 2020 Jinnah hospital
Lahore

Yes Cystic mass with some solid
components in the right

breast.
44 23 / 08 / 2020 Jinnah hospital

Lahore
No -

45 05 / 09 / 2020 Jinnah hospital
Lahore

Yes Hypervascular mass with
irregular borders in the left

breast.
46 15 / 10 / 2020 Jinnah hospital

Lahore
No -

47 22 / 11 / 2020 Jinnah hospital
Lahore

Yes Solid nodule with irregular
edges in the right breast.

48 08 / 12 / 2021 Jinnah hospital
Lahore

No -

49 17 / 01 / 2021 Jinnah hospital
Lahore

Yes Hypoechoic lesion with
irregular contours in the left

breast.

50 02 / 02 / 2021 Jinnah hospital
Lahore

No -

51 22 / 03 / 2021 Jinnah hospital
Lahore

Yes Benign-appearing
fibroadenoma in the right

breast.
52 10 / 04 / 2021 Jinnah hospital

Lahore
No -

Table 7 summarizes the breast ultrasonography screenings for various participants, detailing the date, facility,
abnormalities detected, and their descriptions. For example, participant 27, on 05/03/2015 at Shaukat
Khanum Diagnostic Centre, had a cystic mass in the right breast. In 2015, participant 29 had an irregular
hypoechoic mass in the left breast, and participant 31 at Al Noor Diagnostic Centre had a complex mass in
the right breast with unclear borders. Other findings included dense tissue and a small cyst (participant 33,
2016), benign fibrocystic changes (participant 35, 2017), and a hypoechoic nodule with irregular margins
(participant 37, 2017). In 2019, participant 39 had a well-circumscribed mass in the right breast, and
participant 41 detected an irregular mass in the upper outer quadrant of the left breast. Additional findings
included a cystic mass with solid components (participant 43, 2020) and a hypervascular mass with irregular
borders (participant 45, 2020). Some participants had no abnormalities detected during their screenings.
These results highlight the various abnormalities that breast ultrasonography can identify, aiding in the
evaluation of potential breast health issues.

Table 8: Detection Rates
Screening Method Number of Cancers Detected Types of Cancers Detected
2D Digital
Mammography

15 Invasive Ductal Carcinoma (IDC)
7 Invasive Lobular Carcinoma (ILC)
4 Ductal Carcinoma in Situ (DCIS)

Breast Ultrasonography 16 Invasive Ductal Carcinoma (IDC)
6 Invasive Lobular Carcinoma (ILC)
4 Ductal Carcinoma in Situ (DCIS)

The table summarizes the types and number of cancers detected through two screening methods: 2D digital
mammography and breast ultrasonography. For 2D digital mammography, a total of 15 cases of Invasive
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Ductal Carcinoma (IDC) were detected, along with 7 cases of Invasive Lobular Carcinoma (ILC) and 4 cases
of Ductal Carcinoma in Situ (DCIS). Similarly, breast ultrasonography detected 16 cases of IDC, 6 cases of
ILC, and 4 cases of DCIS. Both screening methods identified the same types of breast cancer, but 2D digital
mammography detected a slightly lower number of IDC cases compared to breast ultrasonography. These
findings underscore the importance of utilizing different screening techniques for comprehensive breast
cancer detection.

Table 9: Cancer Stage (Invasive vs. Non-invasive) and Tumor Size (Small vs. Large):
Cancer Stage Tumor

Size
Types of Cancer
Detected

Screening Methods Participants

Invasive Small Invasive Ductal
Carcinoma (IDC)

2D Digital Mammography, Breast
Ultrasonography

10

Invasive Lobular
Carcinoma (ILC)

2D Digital Mammography, Breast
Ultrasonography

8

Invasive Large Invasive Ductal
Carcinoma (IDC)

2D Digital Mammography, Breast
Ultrasonography

7

Invasive Lobular
Carcinoma (ILC)

2D Digital Mammography, Breast
Ultrasonography

5

Non-invasive
(DCIS)

Small Ductal Carcinoma in
Situ (DCIS)

2D Digital Mammography, Breast
Ultrasonography

4

Non-invasive
(DCIS)

Large Ductal Carcinoma in
Situ (DCIS)

2D Digital Mammography, Breast
Ultrasonography

4

The table provides information about cancer stages, tumor sizes, and types of cancer detected, screening
methods, and the number of participants. For invasive cancers with small tumor sizes, 10 participants were
diagnosed with Invasive Ductal Carcinoma (IDC), and 8 were diagnosed with Invasive Lobular Carcinoma
(ILC) using both 2D digital mammography and breast ultrasonography. For invasive cancers with large
tumors, 7 participants had IDC, and 5 had ILC, also detected through both screening methods. For non-
invasive cancers (Ductal Carcinoma in Situ or DCIS), 4 participants with small tumor sizes and 4
participants with large tumor sizes were identified using both 2D digital mammography and breast
ultrasonography. This data highlights the ability of these screening methods to detect various types and
stages of breast cancer, regardless of tumor size.

Table 10: False-Positive Rates
Screening Method Benign Findings False Positives False-Positive Rate (%)
2D Digital Mammography 18 6 33.33%
Breast Ultrasonography 20 4 20%
The table highlights the false-positive rates for 2D digital mammography and breast ultrasonography based
on benign findings. For 2D digital mammography, there were 18 benign findings, out of which 6 were false
positives, resulting in a false-positive rate of 33.33%. In comparison, breast ultrasonography recorded 20
benign findings, with 4 being false positives, giving a lower false-positive rate of 20%. These results indicate
that while both methods have some risk of false positives, breast ultrasonography has a lower false-positive
rate compared to 2D digital mammography, potentially making it a more accurate option for reducing
unnecessary follow-ups or interventions.

Table 11: Impact on Treatment Outcomes
Screening
Method

Surgery
Success
(%)

Chemotherapy
Success (%)

Radiation
Success
(%)

Hormone
Therapy
Success (%)

5-Year
Survival
Rate (%)

Recurrence
Rate (%)

2D Digital 90% 75% 85% 80% 95% 5%
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Mammography
Breast
Ultrasonography

92% 70% 90% 85% 98% 4%

The table compares the treatment outcomes of 2D digital mammography and breast ultrasonography for
breast cancer. For 2D digital mammography, the success rates were as follows: surgery (90%),
chemotherapy (75%), radiation therapy (85%), and hormone therapy (80%). The 5-year survival rate was
95%, with a recurrence rate of 5%. For breast ultrasonography, the success rates were slightly higher for
surgery (92%), radiation therapy (90%), and hormone therapy (85%), though the chemotherapy success rate
was slightly lower at 70%. The 5-year survival rate was 98%, and the recurrence rate was reduced to 4%.
These findings suggest that breast ultrasonography may offer marginally better survival and recurrence
outcomes compared to 2D digital mammography.

Table 12: Cost-Effectiveness
Screening Method False

Positives
Imaging
Costs (PKR)

Biopsy
Costs (PKR)

Additional
Treatment Costs
(PKR)

Total Cost of False
Positives (PKR)

2D Digital
Mammography

2 out of 26
(7.7%)

₨ 84,000 ₨ 420,000 ₨ 1,400,000 ₨ 1,904,000

Breast
Ultrasonography

4 out of 26
(15%)

₨ 70,000 ₨ 336,000 ₨ 1,260,000 ₨ 1,666,000

The table compares the cost-effectiveness of 2D digital mammography and breast ultrasonography, focusing
on false-positive rates and associated expenses. For 2D digital mammography, 2 out of 26 cases (7.7%)
resulted in false positives. The total costs for imaging (₨ 84,000), biopsies (₨ 420,000), and additional
treatments (₨ 1,400,000) amounted to ₨ 1,904,000. In contrast, breast ultrasonography had 4 out of 26
false positives (15%). The costs for imaging (₨ 70,000), biopsies (₨ 336,000), and additional treatments
(₨ 1,260,000) totaled ₨ 1,666,000. Despite a higher false-positive rate, breast ultrasonography's lower
total costs make it a more cost-effective screening method than 2D digital mammography.

Table 13: Patient Outcomes and Satisfaction
Screening Method Pre-screening

Anxiety Level
Post-
screening
Anxiety Level

Satisfaction
with Screening

Additional
Treatment

Impact on
Quality of Life

2D Digital
Mammography

High Low Very Satisfied Surgery,
Chemotherapy

No impact

2D Digital
Mammography

High Medium Satisfied Surgery,
Chemotherapy

Minor impact

Breast
Ultrasonography

High Medium Neutral Surgery,
Chemotherapy

Minor impact

Breast
Ultrasonography

High High Dissatisfied Surgery,
Radiation

Significant
impact

The table compares patient outcomes and satisfaction for 2D digital mammography and breast
ultrasonography, focusing on anxiety levels, satisfaction, additional treatment, and impact on quality of life.
For 2D digital mammography, Patient 1 experienced a significant reduction in anxiety from high pre-
screening to low post-screening levels and was very satisfied with the screening. The patient underwent
surgery and chemotherapy, with no impact on quality of life. Patient 2, however, had increased anxiety post-
screening, from medium to high, yet was still satisfied. Surgery and chemotherapy resulted in a minor impact
on their quality of life.
For breast ultrasonography, Patient 27 had medium anxiety post-screening and reported neutral satisfaction.
They underwent surgery and chemotherapy with minor quality-of-life impacts. Patient 28 experienced high
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anxiety before and after screening, was dissatisfied with the process, and faced significant quality-of-life
impacts following surgery and radiation. These findings indicate that while 2D digital mammography
generally leads to lower post-screening anxiety and higher satisfaction, outcomes for breast ultrasonography
are more variable, emphasizing the need for personalized care.

Table 14: Screening Interval and Compliance
Screening Method Screening

Interval
Compliance
Rate

Reason for Compliance Reason for Non-
compliance

2D Digital
Mammography

Every 2
years

90% Established guideline,
familiarity, convenience

Fear of results,
discomfort

2D Digital
Mammography

Every 2
years

85% Early detection of
abnormalities, reassurance

Cost, no family history
of cancer

Breast
Ultrasonography

Every 1 year 80% Needed due to dense breast
tissue, doctor
recommendation

Time-consuming, fear
of invasive
procedures

Breast
Ultrasonography

Every 6
months

75% High risk of breast cancer,
supplemental to
mammography

Expense, unnecessary
for low-risk patients

The table revealed 2D digital mammography, the compliance rate was 90% for screenings every two years,
with adherence primarily driven by established guidelines, familiarity, and convenience. Non-compliance
was largely due to fear of results and discomfort. Another group had an 85% compliance rate, motivated by
early detection and reassurance, though cost and the absence of a family history of cancer were barriers. For
breast ultrasonography, the annual screening compliance rate was 80%, with dense breast tissue and doctor
recommendations as key motivating factors. Non-compliance was mainly due to concerns about the
procedure’s time requirements and its perceived invasiveness. For biannual screenings, the compliance rate
was 75%, driven by high cancer risk and the use of ultrasound as a supplement to mammography. Non-
compliance in this group was attributed to expense and the belief that the procedure was unnecessary for
low-risk patients. These results highlight the need to address emotional concerns and practical barriers, such
as cost and time, to improve screening adherence.

Discussion
This study assessed the effectiveness, patient outcomes, and compliance rates of 2D digital mammography
and breast ultrasonography in breast cancer screening. Key outcome measures included cancer detection
rates, treatment success, cost-effectiveness, satisfaction, and compliance. Results showed that both methods
were effective in detecting invasive ductal carcinoma (IDC) and invasive lobular carcinoma (ILC), but 2D
mammography had a higher false-positive rate (33.33%) compared to breast ultrasonography (20%). This
aligns with previous findings that mammography’s sensitivity in dense breast tissue contributes to higher
false-positive rates. Ultrasonography, with its lower false-positive rate, proved especially useful for women
with dense breast tissue and was more accurate in detecting cancers missed by mammography.
Both screening methods showed high treatment success, with ultrasonography having slightly better
outcomes in surgery and radiation therapy (92% and 90%) compared to mammography (90% and 85%).
Additionally, women screened with ultrasonography had a higher 5-year survival rate (98%) than those using
only 2D mammography (95%), suggesting the benefit of early detection through ultrasound. Despite its
higher false-positive rate, ultrasonography was found to be cost-effective, particularly in regions with limited
healthcare resources, as it can reduce unnecessary biopsies and treatments.
However, patient satisfaction varied between the two methods. Mammography, though associated with
discomfort, had a higher compliance rate (90%) and was linked to lower post-screening anxiety. In contrast,
ultrasonography led to higher dissatisfaction, particularly among anxious patients, due to the invasiveness
and time-consuming nature of the procedure. Compliance with mammography was driven by established
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guidelines, while compliance with ultrasonography was influenced by factors like dense breasts and
perceived cancer risk.
The study concludes that while both screening methods offer advantages, they also have limitations.
Mammography’s higher false-positive rate and discomfort may be countered by the improved outcomes with
ultrasonography, particularly in dense-breast populations. To optimize screening, the study recommends
combining 2D mammography with ultrasonography or other advanced imaging technologies like 3D
mammography or MRI, tailored to individual risk factors. Further research should focus on the clinical and
economic benefits of these combined approaches.

Limitations: The study focused on the effectiveness of mammography and ultrasonography in dense-breast
populations, excluding other imaging modalities like MRI. Additionally, the sample size may not account for
confounding factors such as age or genetic predisposition, and broader psychosocial and economic impacts
of false positives were not considered.

Recommendations: To improve detection, the study suggests combining mammography with
ultrasonography or advanced imaging technologies in women with dense breast tissue. Personalized
screening protocols based on individual risk factors could enhance early detection and reduce false-negative
rates. Further research is needed to assess the clinical and economic advantages of these combined screening
strategies.
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