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ABSTRACT 

Background:  Globally, breast cancer accounts for a third of womens’ cancer 

cases. It is experinced in 1-3% of females with clinical breast findings, negative 

mammogram and ultrasound. Aim: This retrospective study aimed to 

compare the diagnostic precision of mammogram and ultrasound in detecting 

breast malignancy. Patients and methods: 332 females from the southern region 

of Jordan 34-75 years old were enrolled in the study. They were subjected to 

clinical examination, mammogram, ultrasound and histopathological study 

for their breast masses at Alkarak teaching hospital. The differential 

diagnostic precision of both imaging modalities were analyzed in terms of 

breast density and patient’s age. Based on the breast imaging reporting and 

data system, mammograms were analyzed into five diagnostic categories (1-

5), four grades of breast tissue density (I-IV), while, ultrasound diagnosis was 

based on five diagnostic categories of the same system. Results: The 

histopathological examination showed 155 (19.4%) malignant and 177 (4.5%) 

benign lesions. All malignancies were diagnosed by ultrasound and 

mammogram, respectively. The obtained results showed statistically 

significant difference of sensitivies and specificities between the overall 

ultrasound and mammogram (P<0.05). Regarding breast tissue density, 

mammogram sensitivity was 83.3% and 0% in grade I and grade IV, 

respectively. It was 66.7% and 40% in the same grades for ultrasound. 

Conclusion: The diagnostic precision of ultrasound in differentiating between 

benign and malignant lesions was significantly higher than mammogram in 

young Patients with clinical breast findings and dense breast tissue. 

 

Keywords: breast, benign, malignant, diagnostic precision, mammogram, 

ultrasound 

 

 

1. INTRODUCTION 

Breast cancer is the most common cancer among women and is responsible for 

around one third of all cancers in women worldwide. The overall probability 

of developing an invasive breast cancer in a woman during her life is 

approximately 12% (Bowles and Ann, 2016, American Cancer Society, 2020). 
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Breast cancer is the commonest type of cancers in Jordan accounting for around 40% of all women cancers (Kaplan, 2001). 

Additionally, it is the third leading cause of cancers related deaths after colorectal and lung malignancies (GBD 2015 Eastern 

Mediterranean Region Cancer Collaborators, 2018; Ministry of Health, 2020). The world health organization has addressed breast 

screening and early diagnosis as important strategies that would reduce the associated mortality and morbidity rates of breast 

cancer (World Health Organization, 2020). Screening and early diagnosis is largely dependent on clinical assessment, imaging, 

including ultrasound and mammogram, and histopathology at a later stage (Vetto et al.,  1995).  

Mammogram can be used for screening and for diagnosis. Screening mammogram can detect up to 75% of breast carcinomas as 

early as one year before they are palpable and is usually indicated every 1-2 years after the age of 40 years and every year after the 

age of 50 years, or before that if there is a family history of breast carcinoma (Schonberg et al., 2006; Badgwell et al., 2008; 

Samarkandy et al., 2020; Irandoost et al. 2020). Such protocol can reduce the risk of late stage breast carcinoma in females aged 80 

years and more. On the other hand, diagnostic mammogram is performed in females with clinical breast complaints such as the 

presence of nipple discharge or breast changes. Overall, mammogram has a false negative rate of 8-10% (Devolli-Disha et al., 2009).  

Ultrasound is an important tool in assessing females with clinical breast findings. Additionally, in asymptomatic females 

younger than 50 years old with dense breast on mammogram, ultrasound showed a higher sensitivity in identifying breast 

carcinoma than mammogram (Hille et al., 2004; Boyd et al., 2005). It has been estimated that mammogram occult carcinomas may 

be identified by ultrasound in 10-40% based on breast tissue density and female age (Vercauteren et al., 2008).  However, around 1-

3% of females with clinical breast findings, negative mammogram and negative ultrasound, could experience breast malignancy 

due to many factors such as technical reasons and factors related to the malignant lesion itself (Kopans, 2002).  

 

Aim  

Our study aimed to compare the differential diagnostic precision between mammogram and ultrasound in detecting breast 

malignancies taking into considerations breast tissue density and subject’s age. 

 

2. SUBJECTS AND MATERIALS  

Study design 

This retrospective study included a total of 332 female patients, aged 34-75 years old with clinical breast complaints. The study was 

performed at Alkarak teaching hospital, Ministry of health in Jordan during the period between 2016-2019, after obtaining approval 

from the Ethical and Research Board Review Committees. All patients underwent mammogram and ultrasound while breast 

masses were examined histopathologically. 

 

Study procedure and data analysis 

Traditional mammogram positions were performed with medio-lateral -oblique and cranio-caudal projections for each breast. 

Mammogram was analyzed based on the breast imaging reporting and data system (BIRADS) where: Five diagnostic categories: 1-

negative, 2-benign, 3-probably benign, 4-suspected abnormal, and 5-highly suspected malignant. Four grades of breast tissue 

density: I-nearly totally fatty, II-scattered fibro glandular, III-heterogeneous, and IV-dense breast (American college of Radiology, 

1998). High resolution breast ultrasound was performed using the linear array probe. Diagnosis was based on the five diagnostic 

categories of breast imaging reporting and data system. Fifteen Statistical analysis were carried out using χ2 and Student,s t test to 

assess the significance of difference, a p value less than 0.05 was considered statistically significant. 

 

3. RESULTS 

The patients and lesions characteristics are shown in Table 1. Histopathological exam showed a total of 155 malignant and 177 

benign lesions in patients. The histopathological types of carcinoma in 155 patients were: ductal (61.3%), lobular (11.6%), ductal and 

lobular (25.8%) and medullary (1.3%). The median age of all patients was approximately 53.9 years. In 332 patients, mammogram 

identified 55 patients (mean age 71.98 years) with grade I breast density (30 malignant and 25 benign), 121 patients (mean age 58.28 

years) with grade II breast density (60 malignant and 61 benign), 120 patients (mean age 47.38 years) with grade III breast density 

(55 malignant and 65 benign) and 36 patients (mean age 36.98 years) with grade IV breast density (10 malignant and 26 benign). 

Table 2 shows the overall sensitivity of ultrasound detection of malignant lesions in all breast densities was significantly higher 

than mammogram (71.6% vs 57.4% with p value < 0.05). The sensitivity of mammogram and ultrasound was respectively as 

follows; for grade IV was 0% (0 of 10) and 40% (4 of 10), for grade III was 30.9% (17 of 55) and 58.2% (32 of 55), for grade II was 

78.3% (47 of 60) and 91.7% (55 of 60) and for grade I was 83.3% (25 of 30) and 66.7% (20 of 30). Table 2 also shows that the overall 
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specificity of ultrasound in detecting benign lesions in dense breast tissue was significantly higher than mammogram (88.1% vs. 

68.9% with p value < 0.05). The specificity for mammogram and ultrasound was respectively as follows; for grade IV was 19.2% (5 

of 26) and 69.2% (18 of 26), for grade III was 64.6% (42 of 65) and 86.2% (56 of 65), for grade II was 98.4% (60 of 61) and 93.4% (57 of 

61) and for grade I was 100% (25 of 25) for both.  

Therefore, with increasing fibro glandular density, the sensitivity and specificity of mammogram was decreasing compared to 

the sensitivity of ultrasound which was increasing.  

 

Table 1 Patients and lesions characteristics 

 overall Age(yrs.)no. 
Age (yrs.)  

Mean  

Breast Density 

Grade (N, mean age) 

Range  34-50 51-70 71-75  I II III IV 

Overall 332 112 155 65 53.88 55 (72y) 121(58.3y) 120 (47.4y) 36 (37y) 

Benign 177 63 80 34 53.38 25 61 65 26 

malignant 

          ductal 

          lobular 

          duct-lob 

         medullary 

 

155 

95 

18 

40 

2 

49 75 31 

54.44 

52.91 

56.08 

55.34 

63.05 

30 60 55 10 

 

Table 2 Differential diagnostic precision of mammogram and ultrasound based on breast tissue density 

 No. malignant No. Benign 

  sensitivity  Specificity 

Breast Density  mammogram ultrasound  mammogram ultrasound 

I 30 25/30=83.3% 20/30=66.7% 25 25/25=100% 25/25=100% 

II 60 47/60=78.3% 55/60=91.7% 61 60/61=98.4% 57/61=93.4% 

III 55 17/55=30.9% 32/55=58.2% 65 42/65=64.6% 56/65=86.2% 

IV 10 0 4/10=40% 26 5/26=19.2% 18/26=69.2% 

Overall 155 89/155=57.4% 111/155=71.6% 177 122/177=68.9% 156/177=88.1% 

P value <0.05 <0.05 

 

Table 3 shows that 19.4% (30/155) of all malignancies were recognized on ultrasound but not recognized on mammogram, while 

5.2% (8/155) of all malignancies were recognized on mammogram but not on ultrasound. The table also shows that 15.3% (27/177) of 

all females with benign lesions had false negative lesions using mammogram but were recognized as true benign lesions on using 

the ultrasound.  

In addition, Mammogram had 42.6% (66/155) and 25.4% (45/177) false negative rate in diagnosing malignant and benign lesions 

respectively compared to 28.4% (44/155) and 11.9% (21/177) using ultrasound. 

 

Table 3 The overall differential diagnostic precision of mammogram and ultrasound. 

  Ultrasound 

  malignant Benign 

  +ve -ve overall +ve -ve overall 

mammogram 

+ve 81/155=52.3% 8/155=5.2% 89/155=57.4% 129/177=72.9% 3/177=1.7% 132/177=74.6% 

-ve 30/155=19.4% 36/155=23.2% 66/155=42.6% 27/177=15.3% 18/177=10.2% 45/177=25.4% 

No. 111/155=71.6% 44/155=28.4% 155 156/177=88.1% 21/177=11.9% 177 

P <0.05   <0.05   

 

Ultrasound and histopathological studies were shown for invasive ductal carcinoma case in figures 1 and 2, while, figures 3 and 

4 were for a case of benign fibroadenoma. Figure 5 showed bar charts of the statistical reports in the present study, for 
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histopathologic characterstics of the obtained lesions, the sensitivity for malignant lesions detection using mammogram and 

ultrasound, and the specificity for benign lesions detection using mammogram and ultrasound 

 

 

        
Figure 1 Ultrasound study of both breasts A: Normal left breast, B: invasive ductal carcinoma in the right breast, C: invasive ductal 

carcinoma in the right breast using Elastoscan. 

 

         
Figure 2 A, B and C represent the histopathological study of the right breast biopsy showing a highly suspicious invasive ductal 

carcinoma.  

 

       
Figure 3 Ultrasound study of both breasts A: Normal left breast, B and C: represent right breast benign fibroadenoma with blood 

flow and without blood flow, respectively.  

 

      
Figure 4 A, B and C represent the histopathological study of the right breast biopsy showing benign fibroadenoma. 
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Figure 5 Bar chart of the statistical reports of the obtained results A: Cases histopathologic characterstics, B: Sensitivity for 

malignant lesions detection using mammogram and ultrasound, C: Specificity for benign lesions detection using mammogram and 

ultrasound. 

 

4. DISCUSSION 

Breast cancer is an important global health problem. All females have a risk of developing breast carcinoma but the majority of 

cases are reported in females aged more than 50 years old. Early screening and detection is very important to the mortality that can 

result from spread of malignant lesions (Devolli-Disha et al., 2009). Ultrasound and mammogram are the standard modalities for 

recognition and assessment of breast problems in females with breast clinical features or palpable structures recorded on clinical 

examination (Schonberg et al., 2006). The initial selection between mammogram and ultrasound for a female with clinical features 

depends on age. Females aged less than 35 years old should be examined using ultrasound and females aged more than 35 years 

old should be examined using mammogram as first initial modality (Dixon and Mansel, 1994). Sensitivity changed remarkably with 

age and breast density. 
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The current study showed that the overall differential diagnostic precision of ultrasound was significantly higher than 

mammogram. Ultrasound was capable of detecting 19.4% of all malignant lesions which were missed using mammogram, 

compared to 5.2% detected using mammogram and missed when using ultrasound. In addition, a significant percentage (15.3%) of 

females with benign lesions had false negative diagnosis and missed using mammogram but was recognized as true benign lesions 

on using the ultrasound.  

       Mammogram had a higher false negative rate in diagnosing malignant and benign lesions (42.6% and 25.4% respectively) when 

compared to ultrasound (28.4% and 11.9%). More particularly, the current study found that the sensitivity of ultrasound for 

detecting malignant lesions in all breast densities was 71.6% which was significantly higher when compared to 57.4% for 

mammogram. Such higher sensitivity is in agreement with previously published findings (Houssami et al., 2005). The sensitivity of 

ultrasound in breast density grade IV was 40% while it was 0% for mammogram, while for grade I it was 66.7% and 83.3% 

respectively.  

The overall ultrasound specificity in detecting benign lesions was significantly higher than mammogram (88.1% vs. 68.9%) 

which is also in agreement with previous studies (Moy et al., 2002). Ultrasound was more specific in breast density grade III (86.2%) 

and grade IV (69.2%) compared to 64.6% and 19.2% using mammogram. Therefore, with increasing fibro glandular density, the 

sensitivity and specificity of ultrasound was increasing compared to that of mammogram which was decreasing which is supported 

by findings of previous studies which suggested that ultrasound is more sensitive than mammogram in recognizing lesions in 

females with dense breast. Dense fibro glandular tissue is the most important limitation of mammogram in breast carcinoma 

recognition (Boyd et al., 2005; Carney et al., 2003; Wang et al., 2007). Therefore, bilateral breast ultrasound can be an excellent 

assessment modality of females with dense breast seen at mammogram. 

 

5. CONCLUSION 

Our results indicates that the overall diagnostic precision of ultrasound is higher than mammogram and Ultrasound is more 

effective than mammogram in younger females and ones with dense breasts, while the differential diagnostic precision of 

mammogram increased with fattier breasts.  
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