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ABSTRACT 
 

Aim: This systematic review is specifically aimed to compare mammography and ultrasonography in early 

detection of breast cancer. For this systematic review, major purpose is to compare both screening methods and 
also analyze the performance of supplemental ultrasonography for early detection of breast cancer.  
Methodology: For this systematic review, total 23 studies are included which follow the Preferred Reporting Items 

for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. Electronic articles from year 2007 to from year 
2017 on PUB Med, online Willey library, and Science Direct site were searched by using keywords related to 
sonographic  and mammography imaging for breast cancer. 
Results: Out of 23 studies, 12 studies are conducted on women with dense breasts. Twenty studies performed 

their imaging with hand held ultrasound (HHUS). Out of twenty-three studies, sixteen studies followed BI-RADS 
procedures. In eleven studies that used joint methods, it was observed that mammography (MAM) has 65% 
whereas ultrasound (US) has 68% efficiency for   early detection of breast cancer. 88% area under a cover (AUCs) 
among MAM and 98% among US imaging was observed. No major difference was found in sensitivity and 
specificity of both techniques. 
Conclusion: Study concludes that Ultrasound is more efficient to diagnose factors   suggestive of breast cancer 

that cannot be detected on mammography. It also has the potential to evaluate cancer among dense breast women 
but unfortunately in some cases, it may cause a high recall rate.   
Keywords: Breast, Cancer, Mammography, Ultrasonography, Screening. 

 

INTRODUCTION 
 

All around the world, cancer holds a significant value of 
consideration due to its high morbidity and mortality ratio. 
In 2016, statistics revealed 17.2 million cancer cases along 
with 8.9 million deaths reported in the same year. Among 
women breast cancer holds a significant place in mortality 
and disability1. Considerably, 535, 000 deaths from breast 
cancer are reported every year in both developed and 
developing countries. In recent years, a high prevalence of 
breast cancer is majorly observed in underdeveloped 
countries2. Aging and bad lifestyles including smoking, poor 
diet, physical inactivity are triggering factors for breast 
cancer3. In developing countries, there is a great urge to 
initiate preventing measurements especially cancer 
screening. 

Since 1970 mammography is used as a primary 
screening method for breast cancer. Due to less availability 
of mammography equipment, it is not widely available in 
under developed countries so they used Ultrasonography 
as an alternative method of screening3. Women having 
dense breast has a low sensitivity to mammography4. 
These women may have a high risk of breast cancer as 
compared to less dense breasts5. In Denmark and 
Netherlands, researchers claim that every one of three 
women suffering from cancer is diagnosed with breast 
cancer6,7. In recent years supplemental ultrasonography is 
considered the best screening method to detect more  
------------------------------------------------------------------------------- 
Received on 03-03-2021 
Accepted on 23-06-2021 

variations of breast cancer as compared to primary 
mammography8-11. This systematic review is specifically 
aimed to compare mammography and ultrasonography for 
early detection of breast cancer. Major purpose of this 
systematic review is, to compare both screening methods 
and also analyze the performance of supplemental 
ultrasonography for breast cancer patients. 
 

METHODOLOGY 
 

Search Strategy: For this study, Preferred Reporting Items 

guideline for systematic reviews and meta-analyses 
(PRISMA) 12   was followed. Electronic articles from year 
2007 to 2017 on PUB Med, online Willey   library, and 
Science Direct site were searched. Keywords like 
Diagnostic Imaging” OR “Diagnostic Radiology” OR 
“Medical Imaging” OR “primary mammography” OR 
“Mammography Vs sonography" OR "breast 
mammography a good source of detection", Supplemental 
sonography for breast cancer detection", OR “breast 
imaging” OR "Primary sonography for breast cancer 
detection" OR "breast imaging guidelines" were used to 
search relevant articles. It was assured that all the data has 
information such as cancer detection rate (including 
carcinoma in situ and invasive cancer but not high-risk 
precancerous lesion), recall rate, size of the tumor, biopsy 
rate. With the help of keywords, the title, abstract aims, and 
objectives were analyzed to extract the relevant data.  
Inclusion criteria: Articles and case studies with complete 

demographic information and type of study along with the 
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recall rate, biopsy rate of patients were included for this 
research. 
Exclusion Criteria: Information in the form of posters, 

case studies without imaging, letters to editors, and articles 
with copied information was excluded from this study.  
Articles which were written in other than English language 
were not included for this research. On the behalf of 
keywords we found nine hundred sixty-two articles. 
 
Fig 1: Inclusion Criteria 

 
The evaluation of selected data was further done into 

two phases. Firstly, the data based on abstract and title 

was selected. Secondly, the inner text of articles was 
examined and articles that fulfilled the inclusion criteria of 
this study were sorted out. At the initial stage of data 
collection, nine hundred and sixty-two articles were found 
with selected keywords. In the first screening,   262 
duplicate articles were excluded. Further screening of rest 
of 700 articles was done and 502 articles with poor 
information on mammography and sonographic imaging 
were omitted. 192 articles were further gone through the 
screening process. At the last stage, 23 (11 combination of 
mammography and primary ultrasonography and 12 on 
supplemental ultrasonography) articles were found that 
fulfilled the inclusion criteria and had adequate data aimed 
at the topic. 

Demographic information of patients like mean age 
and range, the sample size is kept in tabular form. Findings 
regarding sensitivity and specificity of all selected 
researches were observed. 
 

RESULTS 
 

Out of 23 studies, 12 studies were conducted on women 
with dense breasts. Twenty studies performed their 
imaging with HHUS. Out of twenty-three studies, sixteen 
studies followed BI-RADS procedures. In eleven studies 
that used joint methods, it was observed that MAM had 65% 
whereas the US has 68% efficiency for early detection of 
breast cancer whereas 88% AUCs among MAM and 98% 
among US imaging was observed. No major difference in 
sensitivity and specificity (as mentioned in the forest plot) 
was found. 
 

 
Table 1: Demographic Characteristics of selected studies 

Author Year Country Study type Study sample Mean Age 

Honjo13 2007 Japan Prospective 3453 Not mentioned 

Tagliafico14 2016 Italy Prospective 3231 51 

Weinstein15 2009 United States Prospective 609 49 

Kim16 2016 South Korea Retrospective 3171 Not mentioned 

Venturini17 2013 Italy Prospective 1666 46 

Weigert18 2015 United States Retrospective 10282 Not mentioned 

Wilczek19 2016 Sweden Prospective 1668 50 

Hwang20 2015 South Korea Retrospective 1727 50 

Kelly21 2010 United States Prospective 4419 53 

Moon22 2015 South Korea Retrospective 2005 53 

Huang23 2012 China Prospective 3028 46 

Parris24 2013 United States Retrospective 5519 52 

Brem25 2015 United States Prospective 15318 53 

Girardi26 2013 Italy Retrospective 22131 51 

Shen27 2015 China Prospective 4135 46 

Leong28 2012 Singapore Retrospective 106 45 

Berg11 2016 United States Prospective 2662 55 

Hooley29 2012 United States Retrospective 648 52 

Ohuchi10 2016 Japan Prospective 36752 44 

Corsetti30 2011 Italy Retrospective 3356 Not mentioned 

Dong9 2017 United States Prospective 32918 52 

Youk31 2011 South Korea Retrospective 446 48 

Brancato32 2007 Italy Prospective 5227 52 

 
Table 2: Baseline Characteristics of selected studies         

Author Study months Quality Assessment Type of imaging Equipment 

Honjo ≥18 Fair US +MM HHUS 

Tagliafico <12 Fair US HHUS 

Weinstein 12 Fair US + MM HHUS 

Kim 12 Fair US HHUS 

Venturini 6 Fair US+ MM HHUS 

Weigert 6 Fair US HHUS 
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Wilczek 24 Fair US +MM ABUS 

Hwang 12 Fair US HHUS 

Kelly 12 High  US + MM ABUS 

Moon 24 Fair US HHUS 

Huang 12 High US +MM HHUS 

Parris Not mentioned Fair US HHUS 

Brem 12 High US +MM ABUS 

Girardi Not mentioned Fair US HHUS 

Shen 12 High  US +MM HHUS 

Leong 12-24 Fair US HHUS 

Berg > 12 High US + MM HHUS 

Hooley > 15 Fair US HHUS 

Ohuchi 12 High US +MM HHUS 

Corsetti 12 Fair US HHUS 

Dong 12 High US +MM HHUS 

Youk 24 Fair US HHUS 

Brancato not mentioned Fair US HHUS 

 
Table 3: Sensitivity and Specificity rate of Mammography and Ultrasonography 

Author Sensitivity Rate of US Sensitivity rate of MM Specificity rate of US Specificity rate of MM 

Honjo 0.54(0.26–0.80) 0.62(0.32–0.85) 0.96(0.95–0.96) 0.92(0.91–0.93) 

Tagliafico 0.96(0.77–1.00)  0.98(0.97–0.98)  

Weinstein 0.15(0.04–0.39) 0.35(0.16–0.59) 0.93(0.91–0.95) 0.93(0.91–0.95) 

Kim 1.00(0.63–1.00)  0.74(0.72–0.76)  

Venturini 0.14(0.03–0.44) 0.86(0.56–0.97) 0.99(0.98–1.00) 0.94(0.93–0.95) 

Weigert 0.62(0.45–0.76)  0.96(0.96–0.96)  

Wilczek 1.00(0.68–1.00) 0.64(0.32–0.88) 0.99(0.98–0.99) 0.99(0.98–0.99) 

Hwang 0.89(0.51–0.99)  0.95(0.93–0.96)  

Kelly 0.67(0.53–0.78) 0.40(0.28–0.54) 0.99(0.98–0.99) 0.99(0.99–0.99) 

Moon 1.00(0.40–1.00)  0.69(0.67–0.71)  

Huang 0.73(0.54–0.86) 0.85(0.67–0.94) 0.99(0.99–1.00) 0.98(0.98–0.99) 

Parris 1.00(0.66–1.00)  0.97(0.96–0.97)  

Brem 0.85(0.77–0.91) 0.73(0.64–0.81) 0.83(0.82–0.83) 0.85(0.85–0.86) 

Girardi 1.00(0.89–1.00)  0.98(0.98–0.98)  

Shen 1.00(0.73–1.00) 0.57(0.30–0.81) 1.00(1.00–1.00) 1.00(1.00–1.00) 

Leong 1.00(0.20–1.00)  0.91(0.85–0.95)  

Berg 0.52(0.43–0.62) 0.53(0.43–0.63) 0.86(0.85–0.87) 0.90(0.90–0.91) 

Hooley 1.00(0.31–1.00)  0.77(0.73–0.80)  

Ohuchi 0.71(0.64–0.77) 0.58(0.51–0.65) 0.94(0.93–0.94) 0.94(0.93–0.94) 

Corsetti 0.80(0.64–0.90)  0.95(0.94–0.95)  

Dong 0.62(0.51–0.71) 0.85(0.76–0.91) 0.99(0.99–0.99) 0.98(0.98–0.98) 

Youk 0.91(0.57–1.00)  0.91(0.87–0.93)  

Brancato 1.00(0.20–1.00)  0.98(0.98–0.98)  

 
Table 4: Cancer detection rate, Proportion of invasive cancer diagnosed with Ultrasonography VS Mammography imaging. 

Author Cancer detected 
ratio by  US 

Cancer detected 
ratio by MM 

Proportion of invasive 
cancer by  US 

Proportion of invasive 
cancer by MM 

Cancer recall 
ratio by US 

Cancer recall 
ratio by MM 

Honjo 2.0(0.9–4.3) 2.3(1.1–4.6) 1.000 (0.59, 1.000) 0.62 (0.244, 0.91) 4.7(4.0–5.4) 7.9(7.0–8.8) 

Tagliafico 7.1(4.6–10.8)  0.0071(0.0045, 0.010)  2.7(2.2–3.4)  

Weinstein 5.3(1.4–16.7) 12.3(5.4–26.3) 1.000 (0.29, 1.000) 0.42 (0.09, 0.81) 6.9(5.0–9.4) 6.9(5.1–9.3) 

Kim 2.8(1.4–5.6)  0.028 (0.0013, 0.054)  26.2(24.7–27.8)  

Venturini 2.4(0.4–9.6) 7.2(3.9–12.9) 1.00 (0.15, 1.000) 0.666 (0.348, 0.99) 10.4(8.5–12.7) 4.6(3.6–5.7) 

Weigert 2.3(1.5–3.5)  0.0023 (0.015, 0.0035)  4.2(3.9–4.6)  

Wilczek 6.6(3.5–12.2) 4.2(1.8–9.0) 0.818 (0.48, 0.97) 0.71 (0.29, 0.96) 2.3(1.6–3.1) 1.4(0.9–2.1) 

Hwang 4.6(2.2–9.5)  0.0046(0.0021, 0.0091)  5.8(4.8–7.0)  

Kelly 8.6(6.2–11.9) 5.2(3.4–7.9) 0.92 (0.78, 0.98) 0.73 (0.51, 0.89) 2.2(1.8–2.7) 1.3(1.0–1.7) 

Moon 2.0(0.6–5.5)  0.0020(0.0005, 0.0051)  31.1(29.1–33.2)  

Huang 7.9(5.2–12.0) 9.2(6.3–13.5) 0.95 (0.78, 0.99) 0.85 (0.67, 0.95) 10.5(9.4–11.7) 3.5(2.9–4.2) 

Parris 1.8(0.9–3.4)  0.0018(0.0009, 0.0031)  3.3(2.8–3.8)  

Brem 6.2(5.0–7.6) 5.4(4.3–6.7) 0.91 (0.81, 0.97) 0.6220 (0.508, 0.726) 18.0(17.4–18.6) 15.0(14.5–15.6) 

Girardi 1.9(1.3–2.5)  0.0019(0.0013, 0.0025)  1.9(1.7–2.1)  

Shen 2.0(1.2–3.5) 1.2(0.5–2.4)   0.3(0.2–0.5) 0.2(0.1–0.3) 

Leong 14.2(2.5–55.5)  0.0142 (0.0017, 0.050)  9.9(5.7–16.4)  

Berg 7.8(6.0–10.1) 7.9(6.1–10.2) 0.76 (0.67, 0.8488) 0.6949 (0.5613, 0.8081) 14.3(13.5–15.1) 10.2(9.5–10.9) 

Hooley 4.6(1.2–14.7)  0.0046(0.0010, 0.0130)  23.6(20.4–27.1)  

Ohuchi 4.0(3.4–4.7) 3.2(2.7–3.9) 0.77 (0.69, 0.84) 0.62 (0.529, 0.711) 6.7(6.5–7.0) 6.7(6.4–7.0) 

Corsetti 4.4(3.1–6.3)  0.0044 (0.003, 0.0062)  5.5(5.0–6.0)  

Dong 1.9(1.5–2.5) 2.6(2.1–3.3) 0.34 (0.39, 0.69) 0.47 (0.3488, 0.60) 1.4(1.3–1.5) 2.2(2.0–2.3) 

Youk 22.4(11.4–42.2)  0.0004(0.0000, 0.0014)  11.4(8.7–14.8)  

Brancato 0.4(0.1–1.5)  0.0030(0.0018, 0.0046)  2.1(1.7–2.5)  
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Table: 5 Biopsy rate and proportion of node negative invasive cancer diagnosed for ultrasonography VS Mammography imaging: 

Author Biospy ratio by 
US 

Biopsy ratio by 
MM 

Proportion of node negative invasive 
cancer by US 

Proportion of node negative invasive 
cancer by MM 

Honjo - - 0.85 (0.42, 0.99) 0.80 (0.28, 0.99) 

Tagliafico 1.4(1.1–1.9) - 0.65 (0.40, 0.87) - 

Weinstein 3.5(2.2–5.5) 3.3(2.1–5.1) 1.000 (0.29, 1.000) 1.000 (0.29, 1.000 

Kim 4.6(3.9–5.4) - - - 

Venturini 1.2(0.6–2.3) 0.8(0.5–1.4) - - 

Weigert - - - - 

Wilczek 1.4(0.9–2.1) 0.7(0.3–1.2) - - 

Hwang 2.1(1.5–3.0) - - - 

Kelly 1.3(1.0–1.7) 2.2(1.8–2.7) - - 

Moon - - 0.500 (0.012, 0.98) - 

Huang - - - - 

Parris 3.3(2.8–3.8) - - - 

Brem 3.6(3.3–3.9) 3.8(3.5–4.1) - 0.95 (0.85, 0.99) 

Girardi 1.9(1.7–2.1) - - - 

Shen 0.2(0.1–0.4) 0.1(0.0–0.2) - - 

Leong 9.9(5.7–16.4) - - - 

Berg 6.7(6.1–7.3) 2.2(1.9–2.5) - - 

Hooley 7.1(5.3–9.4) - 1.000 (0.158, 1.000) - 

Ohuchi - - 0.73 (0.62, 0.83) 0.79 (0.70, 0.863) 

Corsetti 5.5(5.0–6.0) - - - 

Dong - - 0.533 (0.31, 0.72) 0.522 (0.34, 0.71) 

Youk 11.0(8.3–14.4) - - - 

Brancato 1.1(0.9–1.4) - - - 

 
Fig 2: Overall detection, recall and Biopsy rate of both methods 

 
Figure 3: Forest plot of sensitivity and specificity difference of US and MM 
Imaging Vs US imaging alone 
 

 
 

Table 6: Pooling data of sensitivity, specificity, recall rate and Biopsy rate. 

Variables  Pooled estimate % p value 

Sensitivity 82.88  0.001 

Specificity 81.8 0.003 

Recall Rate 99.84 0.000 

Biopsy rate 98.94 0.000 

 

DISCUSSION 
 

After the negative results of mammography, U.S. 
Preventive Services Task Force (USPSTF) had initiated the 
ultra sonographic techniques for evaluating the 
performance of screening among women with dense 
breasts. This process has been progressed in recent years 
with a high positive rate of screening and diagnosing breast 
cancer. In selected data of this study, the researchers 
failed to evaluate the breast cancer outcomes during 
screening. In 2013 Gartlehner33 produce a good systematic 
review of US screening along with mammography. His 
systematic review was based on the performance of both 
screening techniques separately33. In contrast, analysis of 
this study is focused on those researches which include 
both screening techniques at the same time. The selected 
data of this systematic review is based on those 
researches which initially failed to get positive results from 
mammography and then switched to ultra sonographic 
evaluation. Along with these researches, the relevant data 
is included related to ultra sonographic findings only. In this 
study, the performance of both screening methods is 
observed and their effectiveness is evaluated among 
patients. The data is collected from those researches which 
involve primary ultrasonography screening and 
supplemental ultrasonography screening.  

In 2008, the role of supplemental Ultrasonography 
was highlighted by Berg4. According to Berg's observations, 
supplemental Ultrasonography has additional capacity to 
diagnose high-risk breast cancer women. In his study, he 
observed 1.1 diagnosing capacity through primary 
mammography and comparatively highlighted 7.2 cancer 
patients out of 10004. In this analysis, 0.4 ratios of 
mammography screening capacity whereas 22.4 ultra 
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sonographic capacity per 1000 examinations is found. This 
reflects the high performance of supplemental 
ultrasonography imaging11. This study is in favor of Berg's 
conclusion that ultrasonography should be considered as 
the primary technique for diagnosing breast cancer. 
However, there is no final consideration for initiating 
Ultrasonography imaging as a primary imaging guideline 
for breast cancer diagnosis. Contradictory researches 
made this decision more complex up till now. Different 
health sectors including the European Society of Breast 
Imaging (EUSOBI), the Japanese Breast Cancer Society, 
and the Chinese Anti-Cancer Association (CACA) are in 
the favor of supplemented ultra sonographic evaluation for 
the dense breasts34-36. According to them women with 
dense breasts has a high probability of negative 
mammography37-40. 

On the other hand, many researchers claim that 
ultrasound also causes high recall issues and enhances 
the biopsy cases as compared to mammography. In this 
systematic review, this issue is also highlighted which is 
described in many pieces of research. Comparatively, no 
significant difference in biopsy rate between mammography 
and ultrasonography is found in this study. This could be 
due to the low sample size. Along with these issues, 
Ultrasonography also has several limitations which are 
major obstacles for initiating it as a primary imaging 
guideline. The ultrasound technique cannot take the whole 
image of the breast and failed to capture micro 
calcifications. These micro calcifications help to identify the 
tumor. Handling Ultrasonography is another major issue for 
its support. The operating procedure may fluctuate the 
results. Data selected for this study do not reflect any 
significant difference in sensitivity and specificity of US and 
mammography and no major difference is found in cancer 
characteristics and cancer detection ratio of selected 
studies while comparing both techniques. Comparatively,   
US has significantly high recall rate as compared to 
mammography. It is suggested that more studies regarding 
the US would be generated to observe the recall ratio 
among patients to remove the barriers for primary imaging. 
During the analysis, no significant difference regarding 
sensitivity and specificity among women with dense breasts 
and without dense breasts is observed. Through this 
analysis, long-term benefits of US imaging are not 
confirmed. More studies with long term follow up would be 
suggested to analyze the potential risks and long term 
benefits of both imaging techniques. The selected 
researches did not highlight the co-morbidities such as 
obesity which has a great influence on the screening 
process. 
 

CONCLUSION 
 

This study concludes that ultrasound is more efficient to 
diagnose factors suggestive of breast cancer that cannot 
be detected on mammography. It also has the potential to 
evaluate cancer among dense breast women but 
unfortunately in some cases, it may cause a high recall rate.  
Recommendations:  It is suggested that more studies 

should be initiated to evaluate the performance of 
Ultrasonography in relation to other radiological modalities 
for early detection of breast cancer. Ultrasound has a 

potential to be used as a primary screening method for 
breast cancer. In many under resourced countries it would 
help to lessen the morbidity, if breast cancer is diagnosed 
at early stages.   
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