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Abstract 

Background:  Conventional ultrasound elastography is a relatively novel non-invasive imaging study that assesses tis-
sue stiffness and helps in the characterization of breast lesions. However, strain elastography is not available in some 
ultrasound machines especially those before 2003 and issusceptible by motion artifacts. Our aim was to compare the 
results of conventional ultrasound elastography and the results of an Advanced intelligence enabled elastography 
software. Also, we aimed to assess the feasibility of the AI-enabled elastography software to overcome the unavailabil-
ity of the conventional elastography software in some new ultrasound machines.

Results:  The study included 53 patients, who had breast lesions either clinically felt or detected during screening. 
All patients were subjected to both grayscale US imaging and conventional ultrasound elastography; quasi-static 
compression was applied during acquiring one of the cine-loops of the greyscale US imaging. Also,the Cine –Loops 
of the grayscale US imaging while quasi-static compression were processed by an AI-enabled elastography software. 
Then the results of the strain ratio (SR) calculated by conventional elastography software and those by AI-enabled 
elastography software were compared. The strain ratio calculated using the AI-enabled elastography software showed 
better results than conventional ultrasound elastographys train ratio. The AI-enabled software shows better specificity, 
sensitivity, positive predictive values, and negative predictive values than the conventional ultrasound elastography.

Conclusion:  The AI-enabled elastography software shows promising results compared to the conventional US 
elastography. Elastography does not have the potential to replace conventional B-mode US for the detection of breast 
cancer but may complement the conventional US to improve diagnostic performance.
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Background
Breast cancer is the most common malignancy in women 
worldwide and a leading cause of death. It accounts for 
25% of all cancers and 15% of all cancer deaths among 

women [1]. Clinically, palpation plays a fundamental 
role in the detection and evaluation of any breast lesion 
where malignant lesions are usually hard than normal 
and benign lesions [2].

Elastography is a complementary imaging technique to 
Ultrasound that can be used to assess tissue stiffness thus 
improving the diagnosis of breast cancer and avoiding 
unnecessary breast biopsies [2, 3].
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Elastography assessment has been added to ACR 
BIRADS atlas fifth edition where lesions are classified 
into soft, intermediate and hard. Malignant breast lesions 
are usually stiff compared to benign lesions which are 
usually soft and elastic [4, 5].

The two most frequently used elastographic techniques 
are strain and shear wave elastography. For strain elas-
tography, a qualitative visual analysis of the color pattern 
using the Tsukuba Score classification and the semi-
quantitative strain ratio are the usual methods used for 
classification and interpretation [6].

Although some ultrasound companies have devel-
oped elastography on some of their premium machines, 
it is still unavailable in other machines. Additionally, the 
output of elastography imaging may vary from a manu-
facturer to another due to the different algorithms and 
platforms [6, 7].

AI-enabled Elastography Software can provide a solu-
tion to overcome the unavailability of elastography in old 
systems and the cost of new devices with elastography on 
their premium machines [8]. It was proven to reconstruct 
ultrasound strain elastography from conventional gray-
scale ultrasound images acquired by commercially avail-
able ultrasound machines regardless of the model and 
manufacturer [9].

Our aim was to compare the results of conventional US 
elastography with those results corresponding to the AI-
enabled elastography software. Also, we aimed to assess 
the feasibility of using the AI-enabled elastography soft-
ware to overcome the unavailability of the elastography 
software in some ultrasound machines.

Methods
The study was a prospective study carried over nine 
months with additional 18  months (3 follow-up studies 
every 6 months) when close follow-up was requested to 
confirm the diagnosis in some of the cases. This study 
included 53 patients. All patients had breast lesions 
either clinically felt or detected during screening. Three 
patients presented with pain in addition to the mass. All 
patients were subjected to grayscale ultrasound exami-
nation. Elastography strain ratio was evaluated by both 
methods; once using the conventional ultrasound elas-
tography software and once by the advanced intelligent 
elastography software. Results of both methods were 
compared together in reference to the final diagnosis.

The final diagnosis was correlated either by histo-
pathological analysis of biopsy samples (for solid lesions 
encountered 35), or cytological analysis via fine-nee-
dle aspiration in cystic lesions. Close follow-up (for 18 
benign lesions assigned BIRADS 2) was considered in 
the study. All were correlated according to the BIRADS 
lexicon).

The study was approved by the ethical committee, and 
informed written consent was taken from all subjects.

Grey-scale ultrasonography and conventional Ultra-
sound elastography were performed by two sonogra-
phers, one specialist with 2  years experience in breast 
US and elastography was repeated as well as the inter-
ventional procedures were performed by breast imag-
ing consultant with 14 years experience in breast US and 
interventional breast procedures.

The AI-elastography software images were processed 
using the software postulated by the biomedical imaging 
crew, which attained 3 years experience in their field.

Subjects
Inclusion criteria

•	 Patients with non-skin breast lesions.

Exclusion criteria

•	 Metastatic masses with known primary, recurrence 
or invasion from nearby tumor e.g. rib chondrosar-
coma.

•	 Patients with generalized edema due to heart/liver/
renal failure or lymphatic edema due to axillary 
lymph node clearance.

Conventional ultrasound elastography technique

•	 Conventional ultrasound scan and conventional 
strain elastography had been done on all patients 
using General Electric Logic S8 and/or General Elec-
tric (GE) Logic P7 both with a linear probe of 7.5–
12 MHz frequency.

•	 The patient lied supine with the ipsilateral arm is 
raised over the patient’s head. Gel was applied to the 
examined breast. The probe was perpendicular to the 
skin. A good quality B-mode image was obtained. A 
region of interest (ROI) larger than lesion including 
fatty breast tissue was used. The (ROI) was adjusted 
to place the suspicious lesion at the center. Slight 
steady compressions were done for about 5  s dura-
tion. Where the accuracy of the technique was evalu-
ated on a quality bar indicator. The results were dis-
played as a color-coded map. The strain ratio was 
obtained between two measurements; the first meas-
urement was drawn at the suspicious lesion and the 
second at the reference tissue where the two areas 
were approximately at the same depth and size.
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Advanced intelligent elastography software technique

•	 Cine-loops of breast elastography were collected 
while applying freehand compression (1–5%) using 
the transducer. Compressions should be slow and 
steady, rapid compressions may distort the images 
and yet leading to inconvenient resuls. Cine-loops of 
conventional gray-scale images were then imported 
to a vendor-neutral AI-enabled elastography soft-
ware (US-Elasto, Dileny Technologies and biomedi-
cal engineering LLC, Giza, Egypt). The software 
adopts a novelpatented method to reconstruct strain 
elastography from conventional gray-scale images 
after removing motion artifacts [10]. The Frame-to-
frame displacements were calculated using hierarchy 
recursive displacement tracking technique. At least 
5 slow and firm compressions were included in the 
cine-loops. The strain was calculated as displace-
ment spatial derivative and was then superimposed 
on gray-scale images to provide both anatomical and 
mechanical information.

Statistical analysis
Data analysis packages were SPSS version 21 and Epi calc 
Qualitative data was presented by number and percent-
age, quantitative data was presented by mean, standard 
deviation, median, and range. Statistical tests done to 
detect sensitivity, specificity, positive predictive value 
and negative predictive value, positive like hood ratio, 
and negative like hood ratio. Correlation was done using 
Pearson correlation coefficient and the level of signifi-
cance was considered equal to or below 0.05.

Receiver-operating characteristic (ROC) curve analysis 
was used to determine the cut off value for Strain ratio. 
The cut off value for strain ration was calculated by both 
conventional elastography and Advanced intelligent elas-
tography software where it was the point in which sensi-
tivity equals specificity by either elastography.

Results
Our study included 53 cases with 53 breast lesions. 
The ages ranged from 29 -71  years with a mean age of 
49.298 ± 10.75 (mean ± SD).Upon correlating with the 
final diagnosis either by histological analysis of tissue 
samples or postoperative pathology (for 35 lesions), cyto-
logical analysis, or close follow up (applied on 18 lesions 
that were categorized as BI-RADS 2 and showed station-
ary course for 1  year in a way to confirm their benign 
nature according to the BIRADS lexicon); 25/53 (47.2%)
lesions were benign while 28/53 (52.8%) were malignant.

According to Ultrasound findings, 20/53 (37.7%) 
lesions were considered benign (assigned BIRADS 2 and 
3 categories) while 33/53 (62.3%) lesions were consid-
ered malignant (assigned BIRADS 4 and 5). According to 
the histopathology results or close follow-up; 23 lesions 
were true positives, 10 were false positives, 5 lesions were 
false negatives and 15 were true negatives. The calculated 
ultrasound sensitivity, specificity, positive likelihood, 
negative likelihood, positive predictive value, and nega-
tive predictive value were 60%, 82.14%,2.05, 0.3, 69.7%, 
and 75%respectively (Table 1).

The Strain ratio was calculated once by conventional 
elastography and once by the advanced intelligent elas-
tography software.

The cut-off point for Strain ratio calculated by con-
ventional elastography was 2.4 and accordingly, 28 
/53 (52.8%) lesions were considered benign (assigned 
BIRADS 2 and 3 categories) while 25 /53 (47.2%) lesions 
were considered malignant (assigned BIRADS 4 and 5). 
According to the histopathology results or close follow-
up;13 lesions were true positives, 12 were false positives, 
15 lesions were false negatives and 13 were true nega-
tives. The calculated Conventional elastography strain 
ratio sensitivity, specificity, positive likelihood, negative 
likelihood, positive predictive value, and negative pre-
dictive value, were 46.43%, 52%,0.97, 1.03, 52%,46.43% 
respectively (Table 1).

The cut-off point for Strain ratio calculated by 
Advanced intelligent elastography software was 2.28 

Table 1  Comparison of Ultrasound, Conventional elastography, and advanced intelligent software diagnostic indices

Ultrasound Strain ratio calculated by conventional 
elastography

Strain ratio calculated by 
Advanced intelligent elastography 
software

Sensitivity 60% 46.43% 60.71%

Specificity 82.14% 52% 64%

Positive likelihood ratio 2.05 0.97 1.6

Negative likelihood ratio 0.3 1.03 0.6

PPV 69.7% 52% 65.4%

NPV 75% 46.43% 59.3%
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and accordingly, 27 /53 (50.9%) lesions were considered 
benign (assigned BIRADS 2 and 3 categories) while 26 
/53 (49.1%) lesions were considered malignant (assigned 
BIRADS 4 and 5). According to the histopathology 
results or close follow-up;17 lesions were true positives, 
9 were false positives, 11 lesions were false negatives 
and 16 were true negatives. The calculated Advanced 
intelligent elastography software strain ratio sensitivity, 
specificity, positive likelihood, negative likelihood, posi-
tive predictive value, and negative predictive value were 
60.71%, 64%,1.6, 0.6, 65.4%,59.3% respectively (Table 1).

Correlation between conventional elastography soft-
ware and advanced intelligent elastography software was 
assessed as shown in Fig. 1.

Discussion
Breast cancer is the most common cancer worldwide in 
females around World [11].

Breast ultrasound is a non-invasive, relatively avail-
able imaging modality that is used as complementary to 
mammography in screening especially in dense breasts, 
differentiation of solid and cystic lesions, characteriza-
tion of lesions, and diagnosis of intraductal mass as well 
as problem-solving for mammographically detected 
asymmetries [12, 13].

US strain elastography is a semiquantitative imag-
ing study that offers the ability to visualize the strain 

produced from applying pressure to the breast tissue. The 
strain is smaller in harder tissue than in softer tissue [6].

Conventional elastography software is still not available 
in some new ultrasound machines. Advanced intelligent 
elastography software can provide a solution to overcome 
the unavailability of elastography in ultrasound machines 
[7, 8].

This study aimed to compare the results of con-
ventional ultrasound elastography and the results of 
advanced intelligent elastography software as well as to 
assess the feasibility of using the Advanced intelligent 
elastography software to overcome the unavailability 
of the conventional elastography software in some new 
Ultrasound machines.

The current study included 53 patients. Upon correla-
tion with final diagnosis either by pathological analy-
sis of tissues samples (for 35 lesions), or close follow-up 
(applied for 2  years for 18 lesions assigned BIRADS 2). 
Twenty-five out of fifty-three lesions were benign (47.2%) 
and twenty eight out of fifty-three (52.8%) lesions were 
malignant.

We assessed the sensitivity and specificity of the con-
ventional US compared to the pathological results and/or 
close follow-up.

In the current study, we reported a sensitivity of about 
60% and a specificity of about 82.14%.

In our study, we calculated conventional SR for each 
lesion (Figs. 2,3). According to the histopathology results 

Fig. 1  Moderate correlation between the SR calculated by the conventional elastography software and AI-enabled elastography software
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or close follow-up,13 lesions were true positives, 12 were 
false positives, 15 lesions were false negatives and 13 
were true negatives. conventional SR had a sensitivity of 
46.43%, a specificity of 52%, a positive predictive value of 
52%, a negative predictive value of 46.43%.

There are several factors which may affect the sensitiv-
ity and the specificity for example; the pathological dis-
tribution as well as the size and the depth of the lesions.

All the false-negative lesions (15 lesions) had SR below 
our cut-off point (2.4). They included one invasive tubu-
lar carcinoma grade I, one malignant papillary lesion, two 
mucinous carcinomas (Fig. 4), eleven IDC grade III.

As all the sono-elastograhic findings were correlated 
with the pathological results; this explained the num-
ber of false positive and false negative lesions, where we 
found that invasive duct carcinomas of low and inter-
mediate grades are usually hard owing to the associated 
desmoplastic reaction,while the high grade carcinomas 
are usually less stiff as they may undergo necrosis with 
fat growth along with less desmoplastic reaction. Also 
we observed that papillary and mucinous carcinomas are 
usually soft lesions on elastography as they show cystic 
components or mucin on histology. And so this explained 
the number of false negative lesions we had in our study.

Fig. 2  50 year- old patient presented by a lump in the right breast, Ultrasound revealed a speculated mass lesion at right breast UOQ. The strain 
ratio calculated by conventional elastography was 4.1 (a, b). The strain ratio calculated by an AI-enabled elastography software was 3.8 (c, d). The 
final diagnosis was Invasive duct carcinoma grade II
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Meanwhile; all the false-positive lesions (12 lesions) 
had SR higher than our cut-off point. They included (3) 
fat necrosis lesions as confirmed by the result of core 
biopsy, (1) chronic abscess as confirmed by the result of 
core biopsy, (1) lesion was diagnosed as lipoma by the 
ultrasound features and on follow up, (7) lesions were 
fibroadenoma.

Similarly on correlation of the sonoelastographic 
findings with the pathological diagnoses, we found that 
although most fibroadenomata shows soft character, 
some of them are stiff due to hyaline degeneration or 
calcification or being large in size and this applies on 
the (7) lesions of fibroadenomata postulated in our 
study.

Fig. 3  45 year- old patient presented by a lump in the right breast, Ultrasound revealed a benign-looking mass lesion in the right breast. The strain 
ratio calculated by conventional elastography was 1 (a, b). The strain ratio calculated by an AI-enabled elastography software was 1.19 (c, d). The 
final diagnosis was a fibroadenoma
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We found that large size of lesions may lead to false-
positive or false-negative results. Also deeply seated soft 
lesions may give false high results as they are compressed 
against the chest wall/ribs.

We assessed the advanced intelligent elastography 
software SR for each lesion (Figs.  2, 3). According to 
the histopathology results or close follow-up;17 lesions 
were true positives, 9 were false positives, 11 lesions 
were false negatives and 16 were true negatives. The 

calculated Advanced intelligent elastography software 
strain ratio sensitivity, specificity, positive likelihood, 
negative likelihood, positive predictive value, and nega-
tive predictive value were 60.71%, 64%,1.6, 0.6, 65.4%, 
59.3% respectively.

All the false-negative lesions (11 lesions) had SR 
below our cut-off point (2.28). They included one inva-
sive tubular carcinoma grade I, one malignant papillary, 
one lesion mucinous carcinoma, eight IDC grade III.

Fig. 4  35 year- old patient presented by a lump in the right breast, Ultrasound revealed a suspicious mass lesion at right breast LIQQ.The strain 
ratio calculated by conventional elastography was 1.2 (a, b). The strain ratio calculated by an AI-enabled elastography software was 1.8 (c, d). The 
final diagnosis was mucinous carcinoma
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All the false-positive lesions (9 lesions) had SR higher 
than our cut-off point. They included two fat necrosis 
lesions as confirmed by the result of core biopsy, one 
chronic abscess as confirmed by the result of core biopsy, 
six lesions were fibroadenoma.

In general, the histopathology/elastography results dis-
cordance owed to the same previously mentioned rea-
sons in addition to that this novel software which needs 
special training.

In the current study, the strain ratio of malignant 
lesions was higher than that of benign ones, but the over-
lap is still existing so false-negative and false-positive 
results were unavoidable.

One of the important findings was that there was a 
moderate correlation between the SR calculated by the 
conventional elastography software (GE) and AI-elastog-
raphy software. In addition, AI-Elasto SR showed better 
results than conventional SR. The specificity and positive 
predictive values are better which means it could exclude 
negative cases better. The sensitivity and negative pre-
dictive value are better which means it could confirm 
positive cases better. However, the test alone could not 
replace the pathology.

Limitation of the study
The major shortcoming of conventional elastography is 
that the extent of tissue compression influences the elas-
ticity image and SR.

Inter and intraobserver variability may affect the final 
diagnosis. Intraobserver variability may be decreased by 
training, while interobserver variability needs further 
studies to be performed to get more standardized results 
and techniques.

Regarding limitations to the AI-elastography software, 
it needs special training. Also, no real-time results are 
available thus it needs post-processing which may be 
time-consuming. In addition, there is no compression 
indicator so inadequate compression may be a challeng-
ing problem.

Conclusions
The AI-enabled elastography software shows promising 
results compared to the conventional US elastography, 
yet further improvement and updates are needed. Elas-
tography does not have the potential to replace conven-
tional B-mode US for the detection of breast cancer but 
may complement the conventional US to improve diag-
nostic performance.
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