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Abstract

Background: Shear wave elastography (SWE) and strain elastography (SE) are 2 new ultrasonic technologies which @
developed rapidly in recent years. Elastography transforms the elastic information of tissue into optical information for display,
thus more intuitive display of tissue elasticity. Conflicting results have been obtained in different scholars’ studies on the accuracy
comparison of the 2 elastography technologies in the diagnosis of breast tumors. This meta-analysis aims to compare the
accuracy of the 2 elastography technologies in the diagnosis of breast tumors, and provide a reference for clinical decision making.

Methods: \We have searched Chinese and English literatures on the accuracy of SWE and SE in the diagnosis of breast
tumors from PubMed, Web of Science, China national knowledge infrastructure and Wanfang databases, and the time was up to
December30, 2020. Two literature reviewers screened the literatures according to the screening criteria, and Quality Assessment
of Diagnostic Accuracy Study tool was used to evaluate the quality of included literatures. Meta Disc1.4 and Stata14.0 softwares
were used to perform heterogeneity test, sensitivity analysis and publication bias test.

Results: Ten literatures included 1599 patients and 1709 breast lesions. The final results in the SWE as follow: The pooled
sensitivity was 0.852 (95% confidence interval [Cl] [0.826-0.874]), the pooled specificity (Spe) was 0.799 (95% CI [0.776-0.820)),
the pooled positive likelihood ratio was 4.758 (95% ClI [3.443-6.576)]), the pooled negative likelihood ratio was 0.192 (95% ClI
[0.147-0.250]), the pooled diagnostic odds ratio was 29.071 (95% CI [16.967-49.811]), and the area under the summary receiver
operating characteristic curve was 0.9159. The final results in the SE as follow: The pooled sensitivity was 0.843 (95% CI [0.817—
0.866]), the pooled Spe was 0.766 (95% CI [0.743-0.789]), the pooled positive likelihood ratio was 4.387 (95% CI [3.088-6.233]),
the pooled negative likelihood ratio was 0.216 (95% CI [0.179-0.261]), the pooled diagnostic odds ratio was 22.610 (95% ClI
[15.622-32.724]), and the area under the summary receiver operating characteristic curve was 0.8987.

Conclusion: The sensitivity and Spe of SWE were higher than those of SE, suggesting that SWE may have a higher accuracy
in the diagnosis of breast tumors.

Register name: PROSPERO. Registration number: CRD42021251110.

Abbreviations: AUC = area under curve, BI-RADS = Breast Imaging Reporting and Data System, Cl = confidence interval, DOR
= diagnostic odds ratio, FN = false negative number, FP = false positive number, NLR = negative likelihood ratio, PLR = positive
likelihood ratio, SE = strain elastography, Sen = sensitivity, Spe = specificity, SROC = summary receiver operating characteristic,
SWE = shear wave elastography, TN = true negative number, TP = true positive number.

1. Introduction

Breast cancer is the most common malignancy among women
and the leading cause of most cancer-related deaths.!"! Clinical
manifestations of breast cancer are varied and can be charac-
terized by painless lump, nipple discharge, nipple and areola
color, abnormal shape, and axillary lymph node enlargement.
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However, early breast cancer has no obvious clinical symp-
toms, which patients may ignore and miss the best treatment.
Usually, breast cancer is hard, the surface is not smooth, and
the activity is poor, but some special types of breast cancer
are due to poor invasiveness, so the surface of the mass is
smooth, good activity, not easy to distinguish from benign
tumors.>3! The main reason for breast cancer’s high mortality
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rate is distant organ metastasis. Most patients have missed the
best treatment time when diagnosed and cannot undergo rad-
ical surgery. Therefore, early screening is essential. Traditional
screening methods for breast cancer include mammography
and ultrasound examination, which are commonly used in
clinical screening for breast cancer. Ultrasound is a common
method for the diagnosis of breast tumors. Using ultrasound to
detect breast tumors has the advantages of no radiation, sim-
ple operation, accurate positioning, and low price. Ultrasound
accurately identifies cystic and solid masses, but its microcal-
cification detection is low. Mammograms mainly observed
breast tumor margin, breast tumor morphology, microcalci-
fication, and breast gland structure. The detection rate and
sensitivity (Sen) of mammography for fine calcification are
significantly higher than those of ultrasound. When mam-
mography is used to detect dense breasts, the Sen is low, and
the edge of the lesion cannot be displayed, resulting in missed
diagnosis and misdiagnosis, resulting in decreased accuracy
of breast cancer diagnosis.**! Elastography is a new technol-
ogy that has developed rapidly in recent years and can accu-
rately determine the hardness of tissues. Benign and malignant
breast lesions have a different hardness on palpation for a
long time, and lesions with low activity are more likely to be
malignant.®! Therefore, this technology can be widely used in
breast cancer screening. However, elastography differs greatly
from the imaging method, including shear wave elastography
(SWE) and strain elastography (SE). SWE is through the detec-
tion of acoustic radiation pulse, continuously focusing on the
vibration of the lesions observed in the tissues, thus appearing
as a transverse shear wave. Based on the shear wave velocity
of accurate quantitative testing tissues, SWE can effectively
distinguish benign and malignant mammary glands with good
reproducibility and objectivity. However, artifacts caused by
reflection and refraction may increase due to the large varia-
tion in shear wave velocities in normal and abnormal breast
tissues. SE is to apply pressure to the tissue according to the
different elastic coefficients between different groups to make
the tissue’s deformation degree under different stress levels
under the action of stress and deformation of the operator
tissue. The amplitude of the pressure echo signal changes
into a real-time color image before and after the movement,
and the image’s color reflects the tissue’s hardness. Finally,
the determined tissue elasticity is color-coded and superim-
posed on a b-mode image on an ultrasound device monitor.”!
However, measuring the magnitude of force or stress in the
compression process is difficult, and it is impossible to cal-
culate the absolute elasticity. The acquisition of data depends
on the professional knowledge of the inspector, which leads
to many variabilities between observers.["”) When SWE and
SE are applied to the same breast lesion, they will yield
consistent or similar results if examined by an experienced
operator. However, because each elastography has inherent
defects, which can lead to false positive or negative results,
the result may differ according to the application of the dif-
ferent technologies and their diagnostic criteria.!'!! The result
of a study has shown that the thickness of the breast can lead
to discrepancies in the diagnosis of 2 kinds of elastography
methods. When the lesion location is deep, there will reduce
the diagnostic accuracy of SE. However, SWE is not affected.
That study also mentioned that SWE and SE have different
Sen and Spe for different breast thicknesses, histopathology,
and tumor grades.!"?! Barr and Zhang!'®! reported that SE has
better diagnostic performance than SWE. However, Chang et
all'? reported that SWE has higher Sen than SE, and SE has
higher Spe than SWE, and Seo et al**l found no difference in
the Sen and Spe of SE and SWE for lesions. The diagnostic
results of the 2 elastography methods were indeed contradic-
tory. We hope that the result of this meta-analyze will provide
value for the accurate diagnosis of breast tumors to improve
the Sen and Spe of evaluating breast lesions.
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2. Methods

The study was followed by PROSPERO. Registration num-
ber: CRD42021251110, the preferred reporting item of the
Systematic Review and Meta-Analysis was the guideline for the
design of this study.

The study does not require the approval of the Ethics
Committee and the Institutional Review Committee.

2.1. Search methods

Studies From the establishment of PubMed, Web of Science,
Wanfang, and China national knowledge infrastructure
databases until December 30, 2020, including published,
unpublished, in the press, and progress, were included in this
meta-analysis. Relevant literature was retrieved, and research
data was obtained without language restrictions. Keywords
and free words were used for retrieval. We used professional
retrieval in Wanfang Database, and the search strategy is as
follows: “The theme: (Breast Tumor or Breast Cancer) and
the theme: (Shear wave elastography and Strain elastogra-
phy) and the theme: (Diagnosis).” PubMed’s search strategy
is shown in Table 1. Other databases were used for the same
strategy (The related free words for Breast tumor are Breast
Cancer or Breast Neoplasm or Neoplasm, Breast or Breast
Tumors or Breast Tumor or Tumor, Breast or Tumors,
Breast or Neoplasms, Breast or Breast Cancer or Cancer, Breast or
Mammary Cancer or Cancer, Mammary or Cancers, Mammary
or Mammary Cancers or Malignant Neoplasm of Breast or
Breast Malignant Neoplasm or Breast Malignant Neoplasms
or Malignant Tumor of Breast or Breast Malignant Tumor or
Breast Malignant Tumors or Cancer of Breast or Cancer of
the Breast or Mammary Carcinoma, Human or Carcinoma,
Human Mammary or Carcinomas, Human Mammary or Human
Mammary Carcinomas or Mammary Carcinomas, Human
or Human Mammary Carcinoma or Mammary Neoplasms,
Human or Human Mammary Neoplasm or Human Mammary
Neoplasms or Neoplasm, Human Mammary or Neoplasms,
Human Mammary or Mammary Neoplasm, Human or Breast
Carcinoma or Breast Carcinomas or Carcinoma, Breast or
Carcinomas, Breast). We retrieved references twice to avoid
missing literature.

2.2. Inclusion criteria

Chinese and English literature on the comparison of SWE and
SE in the diagnosis of breast tumors; the final pathological
result by open surgical biopsy or frozen Section as the gold
standard; the true positive number (TP), false positive num-
ber (FP), false negative number (FN) and true negative num-
ber (TN) can be obtained directly or indirectly; >40 cases per
literature sample. Exclusion criteria: the TP, FP, FN, and TN
can’t be obtained directly or indirectly in the literature; case
reports, animal studies, expert experience, conference articles,
and duplicate publications; no pathological results as the gold
standard.

The search strategy sample of PubMed.

Search terms

Breast cancer or breast neoplasm or neoplasm, breast or breast tumors

Shear wave elastography and strain elastography

Sensitive or sensitivity and specificity or predictive or predictive value of test or
accuracy

and 1-3
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2.3. Literature screening and quality assessment

Literature screening was conducted independently by 2 per-
sons according to the inclusion and exclusion criteria, and
imported the literature into NoteExpress software. Quality
assessment is critical in the systematic review of diagnostic
accuracy research. Quality Assessment of Diagnostic Accuracy
Studies tool developed by Whiting et al!**! was used to eval-
uate the Quality of included literature. The tool is an evi-
dence-based quality assessment tool for a systematic review of
diagnostic accuracy literature, it can assess the Quality of lit-
erature on diagnostic accuracy, and it can distinguish between
high-quality and low-quality literature. The tool includes 14
items and provides guidelines for scoring each item included
in the tool, and the Quality of literature was assessed by these
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items from the tool. Each question should be answered “yes”
(2), “no” (1), or “unclear” (0). Answer “yes” if there was suf-
ficient information from the literature fits one of the items,
and “no” if not. If insufficient information was available to
make a judgment, it should be answered as “unclear.” Finally,
we decided to choose 14 Diagnostic tests and Quality eval-
uation criteria. Quality Assessment of Diagnostic Accuracy
Studies scores range from 0 to 28, with a score of 22 indicat-
ing good Quality. Any differences between the 2 investigators
were resolved by a third investigator through discussing and
negotiating, and the author selected trials and removed dupli-
cate or incompatible studies based on inclusion criteria. The
following important information was extracted from screened
literature: name of the first author, year of publication, lit-
erature design, the country of the author, the average age of

Records identified from:
Databases (n =94 )

Identification

| E—— Duplicate records removed

Records removed before
screening:

(n=12)

'

Records screened
(n=82)

Records excluded
(n=45)

Y

Reports sought for retrieval

Reports not retrieved
(n=0)

(n=37)
i

Screening

Reports assessed for eligibility
(n=37)

»| Reports excluded:
(n = 26) Reports’ data were not

available directly or indirectly

Reports of included studies
(n=10)

Included

(n=1 ) Reports’ data existed
problem

Figure 1. Flow chart of literature search and study selection. Ten literatures were included in this meta-analysis.
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patients, sample size (The total of malignant and benign), the
language of literature, measurement index (SWE and SE), cut-
off value (SWE and SE), and TP, FP, FN, and TN are obtained
from the literature.

2.4. Statistical analysis

The pooled Sen, Spe, positive likelihood ratio (PLR), nega-
tive likelihood ratio (NLR), diagnostic odds ratio (DOR), and
area under the SROC curve (AUC) were calculated by Meta
Disc 1.4 software. The test DOR is the ratio of positive for
disease to positive for non-disease, which can be interpreted
as the ratio of the chance of testing positive to the possibil-
ity of testing negative. The value of DOR ranges from 0 to
infinity. The larger the value, the better the identification test’s
performance. The threshold effect is determined by observ-
ing whether the image was distributed in the shoulder or arm
shape or whether the P value was more significant than 0.05.
If P > .05 exists threshold effect, the SROC curve can only be
fitted, and the area under the SROC curve can be calculated.
If P < .05, I> < 50%, there was no heterogeneity caused by
the non-threshold effect, and the fixed effect model was used
to merge the effect size. If P < .05, I? > 50%, indicating het-
erogeneity caused by non-threshold effect. A random effect
model was used to combine effect size. Statal4.0 software
should be used for Sen analysis and publication bias tests. If
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heterogeneity was caused by a non-threshold effect, further
meta-regression analysis should be conducted on the included
studies to explore the source of heterogeneity between studies.
The Beggs funnel plot should be used to investigate publica-
tion bias.

3. The results

3.1. Literature screening

Ninety-four pieces of literature in Chinese and English were
initially screened through the database search, in which
12 pieces of repetitive literature were excluded. By reading
the Title and abstract, 45 non-conforming literature were
excluded. We carefully examined the full text of the remain-
ing 37 articles. The TP, FP, FN, and TN could not be obtained
directly or indirectly in 27 articles. Ten pieces of literature were
finally included, including 6 pieces of English literature and 4
pieces of Chinese literature, and 1599 patients were involved
in the study. Among the ten pieces of literature, 3 works of lit-
erature used SWE and SE with multiple parameters for diagno-
sis comparison, so the TP, FP, FN, and TN of multiple groups
were obtained, and all the data were included and analyzed.
Figure 1 shows the selection process of eligible literature. Basic
information and related parameters of included literature are
shown in Table 2, and quality evaluation of included literature
is shown in Table 3.

Basic information and related parameters of included literatures.

Cutoff SWE SE
Measurement Cutoff point Measurement point

Author Year Design  Cases Country Language Age (SWE) (SWE) (SE) (SE) TP FP FN TN TN TN TN TN
1 Chang JM'" 2013 Prospective 150Korea English  47.8 E.. 80.00 kPa ES 4 68 12 3 67 58 5 13 74
2 Peng XJ™ 2016 Retrospective ~ 155China Chinese  43.8 E 34.30 kPa ES 47 17 11 80 46 16 12 81
3 Peng XJ'® 2016 Retrospective 155China Chinese  43.8 E, 7.25 kPa SR 1.91 45 8 13 89 42 11 16 86
4 SeoM'™ 2017 Prospective 45Korea English ~ 47.4 E e 13.50 kPa SR 263 17 1 3 24 19 4 1 2
5 Zheng XY 2018 Prospective 504China English DK SWV 3.30 M/S ES 3 32 109 17 336 41 134 8311
6  HanLS™ 2019 Retrospective 92China Chinese 421 E . 61.45 kPa ES 4 28 3 5 56 29 8 4 51
7 Xia XN 2019 Retrospective 190China Chinese  44.0 Eo 106.60 kPa SR 360 81 19 23 67 80 19 24 67
8 Fujioka T?"1 2019 Retrospective 148Japan English DK E, Score2 Tsu 2 83 27 5 33 8 36 3 24
9  Fujioka T?72 2019 Retrospective 148Japan English DK E.. 50.00kPa FLR 1.50 80 20 8 40 80 28 8 32
10 SinglaV®®1 2019 Prospective 199India English DK Eean 113.00 kPa ES 4 104 17 15 63 100 17 19 63
11 Singla V2 2019 Prospective 199India English DK E.o 7.32 SR 3.91 99 22 20 58 96 16 23 64
12 Girdf AP 2019 Prospective 87Turkey English ~ 49.5 SWV 3.14M/S SR 3.22 3 6 5 39 37 7 5 38
13 MaX®¥ 2020 Retrospective 139China Chinese  40.8 E 43.35 kPa SR 342 31 4 3101 31 7 3 98

DK = don’t know, ES = elasticity scores, SEFLR = fat lesion ratio, SETsu = Tsukuba score, SR = strain
SWE = elasticity mean, SWE

mean atio

ratio, SWEcol = elasticity color assessment, SWE,, = elasticity value, SWE,,, = elasticity maximum,

= elasticity ratio, SWE_; _ elasticity standard deviation, SWV = shear wave velocitys

Quality evaluation of included literatures.

QUADAS item

Author 1 2 3 4 5 6 7 8 9 10 1 12 13 14
1 Jung Min Chang Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
2 Richard G. Barr Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No
3 Xiaojing Peng Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes No No
4 Mirinae Seo Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes
5 Xueyi Zheng Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No No
6 Lishu Han No Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No
7 Xiaona Xia Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No
8 Tomoyuki Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes No No

Fujioka
9 Singla Veenu No Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes No Yes
10 Aykut GURUF Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No
11 Xiaoxi Ma Yes Yes Yes Yes Yes Yes Yes Yes No Yes Yes Yes Yes No
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3.2. Quantitative data synthesis

Firstly, we used Meta-Disc 1.4 software to analyze the thresh-
old effect, and the spearman correlation coefficient between
Sen logarithms and (1 - Spe) logarithms of SWE and SE were
0.016 (P = .957 > .05) and 0.181 (P = .553 > .05), which
means there was no threshold effect. Stata14.0 software was
used to perform the publication bias test, and we found that
P < .05 in both SWE and SE (Figs. 2 and 3), indicating the
existence of publication bias. The Cochran - Q test of the

www.md-journal.com

DOR in the SWE (Fig. 4) showed that Cochran - Q = 50.09,
P < .001, and the Cochran - Q test of the DOR in the SE
(Fig. 5) showed that Cochran - O = 24.01, P < .05, indicating
that there was heterogeneity caused by non-threshold effect.
The meta-regression analysis was performed using the Meta
Disc 1.4 software on the included literature to explore the
source of heterogeneity. Combined with the clinical data of
the included literature, the region (China/Other), year of pub-
lication (2013-2016/2017-2020), study method (prospective/
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Figure 2. Publication bias in the shear wave elastography.
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Diagnostic OR (95% CI)
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Pooled Diagnostic Odds Ratio = 29.07 (16.97 to 49.81)
Cochran-Q = 47.91; df = 12 (p = 0.0000)
0.01 1 100.0 Inconsistency (I-square) = 75.0 %
Diagnostic Odds Ratio Tau-squared = 0.6774

Figure 4. Forest plot of diagnostic OR of shear wave elastography for the diagnosis of breast tumors. Cl = confidence interval, OR = odds ratio.
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Diagnostic Odds Ratio

Figure 5. Forest plot of diagnostic OR of strain elastography for the diagnos

Tau-squared = 0.2049

is of breast tumors. ClI = confidence interval, OR = odds ratio.

retrospective), and sample size (<100, 100-200, >200) were
considered as possible factors for the source of heterogeneity.
The results showed that the sample size (P = .018) might be
the source of heterogeneity in the SWE. However, all factors (P
> .05) were not the source of heterogeneity in the SE. Because
of the significant heterogeneity, the data of the 2 groups were
pooled by the random effects model.

Our meta-analysis revealed that the pooled Sen of the SWE
was 0.852 (95% confidence interval [CI] [0.826-0.874]), the
pooled Spe was 0.799 (95% CI [0.776-0.820]), the pooled
PLR was 4.758 (95% CI [3.443-6.576]), the pooled NLR
was 0.192 (95% CI [0.147-0.250]), the pooled DOR was
29.071 (95% CI [16.967-49.811]) (Figs. 4 and 6), the result
was plotted as a symmetrical SROC curve, and the corre-
sponding AUC was 0.9159 (Fig. 7). The pooled Sen of the
SE was 0.843 (95% CI [0.817-0.866]), the pooled Spe was
0.766 (95% CI [0.743-0.789]), the pooled PLR was 4.387
(95% CI [3.088-6.233]), the pooled NLR was 0.216 (95%
CI [0.179-0.261]), the pooled DOR was 22.610 (95% CI
[15.622-32.724]), and the corresponding AUC was 0.8987
(Figs. 5, 8,and 9).

3.3. Sensitivity analysis

Statal4.0 software was used for the Sen analysis of this
meta-analysis, and it was found that 2 groups of original
data in the SWE had strong Sen, including the fifth and eighth
groups. Other original data did not cause Sen to the calculation
results. Two groups of original data in the SE had strong Sen,
including the eighth and thirteen groups. After excluding the
fifth and eighth original data, the pooed Sen of the SWE was
0.854 (95% CI [0.826-0.878]), the pooled Spe was 0.841 (95%
CI [0.814-0.866]), and the corresponding AUC was 0.9247.
When the original data of the eighth and thirteen groups were
removed in the SE, the pooled Sen was found to be 0.825 (95%
CI [0.796-0.852]), and the pooled Spe was found to be 0.770
(95% CI [0.7450.794]), and the corresponding AUC was found
to be 0.8858.

4. Discussion

Despite significant advances in cancer research in recent years,
breast cancer remains a major health problem and the most
common cancer affecting women worldwide, with a substantial
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Figure 6. Forest plots for the accuracy of shear wave elastography for the diagnosis of breast tumors. (A) Sensitivity. (B) Specificity. (C) Positive LR. (D) Negative

LR. CI = confidence interval, LR = likelihood ratio.

increase in morbidity and mortality expected in the coming
years.'$! Breast lesions found by conventional US examination
can be classified according to the possibility of malignancy in
the Breast Imaging Reporting and Data System (BI-RADS).
Terms and criteria for describing and classifying breast lesions
are standardized, which have good diagnostic performance.
BI-RADS type 3 breast lesions may be benign, and observation
is recommended. Many Bi-RADS type 4 lesions were benign,
but biopsies are performed unnecessarily due to the false posi-
tive rate of conventional US. The existence of elastography com-
bined with the use of US can reduce BI-RADS type 4A lesions,
an unnecessary biopsy of benign breast lesions, and patients’
anxiety and medical costs. Some literature focused on BI-RADS
type 3 and 4 lesions and integrated SE strain ratio (SR) into the
BI-RADS classification system. They used the best cutoff point
of 2.98, successfully distinguished benign and malignant breast
masses, improved the overall Sen of BI-RADS type 3 lesions
without reducing Spe, and improved global Spe of BI-RADS
type 4A lesions without reducing Sen.!'*2?l At the same time,

some literature has found that SWE combined with the conven-
tional US can also improve the diagnostic performance of breast
lesions and help BI-RADS to reclassify type 3 or 4A lesions
according to traditional US morphological criteria, downgrad-
ing BI-RADS type 4A lesions to follow-up or upgraded BI-RADS
type 3 lesions to biopsy. The Spe of BI-RADS type 3 lesions was
improved. Without changing the Sen, the Spe was increased
from 61.1% to 78.5% by visual color stiffness and 77.4% by
the maximum elastic modulus (E__ ).'"" These results indicate
that ultrasound elastography is promising in diagnosing breast
lesions, especially BI-RADS type 4 lesions, but elastography can-
not replace the conventional US.??*! Combining the conven-
tional US with elastography can improve the performance of
the diagnosis of breast lesions. Therefore, it is necessary to find
a more effective elastography method in the 2 kinds of elastog-
raphy to identify the characteristics of tumor lesions and the
differentiation of benign and malignant lesions.

This meta-analysis aims at the accuracy of 2 kinds of elastog-
raphy in diagnosing breast tumors to provide a comprehensive
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Figure 7. SROC curve for the accuracy of shear wave elastography in the diagnosis of breast tumors. AUC = area under curve, SE = strain elastography, SROC

= summary receiver operating characteristic.

and reliable conclusion. In this meta-analysis, we systemati-
cally evaluated the technical performance and accuracy of
SWE and SE in the differential diagnosis of breast tumors
in 10 pieces of literature, including 1599 patients and 1709
breast lesions. In the SWE, the pooled Sen and Spe were 0.852
(95% CI [0.826-0.874]) and 0.799 (95% CI [0.776-0.820]),
the corresponding AUC was 0.9159. In the SE, the pooled Sen
and Spe were 0.843 (95% CI [0.817-0.866] and 0.766 (95%
CI [0.743-0.789]), the corresponding AUC was 0.8987. After
removing the Sen data of the 2 groups, the pooled Sen and Spe
of SWE were 0.854 (95% CI [0.826-0.878]) and 0.841 (95%
CI [0.814-0.866]), and the corresponding AUC was 0.9247,
AUC > 0.9, indicating that the SWE has high accuracy in the
diagnosis of breast tumors. The pooled Sen and Spe of SE were
0.825 (95% CI [0.796-0.852]) and 0.770 (95% CI [0.745-
0.794]), and the corresponding AUC was 0.8858, AUC < 0.9,
but AUC > 0.7, indicating that SE has a moderate efficiency in
the diagnosis of breast tumors.

The pooled Sen, Spe, and the corresponding SWE AUC are
higher than SE. It is suggested that SWE is a good tool for differ-
entiating benign and malignant breast tumors, which is incon-
sistent with the results of previous studies by some scholars.
SE is an operator-dependent technique, so there must be mea-
surement bias among different Sonologist in clinical practice.
Compared with SE, SWE is a more independent quantitative
analysis method, avoiding some limitations of SE. However,
there are some limitations to this paper. Firstly, because the
related research is less, the sample size differences of included lit-
erature cause heterogeneity, and the part of Quality of literature
were low, so we lacked sufficient statistical support to evaluate
the results of the accuracy of the 2 types of elasticity imaging
diagnosis of breast tumor. Secondly, meta-analysis is a retro-
spective study that may lead to subject selection bias. Retrieving
Chinese-English literature will lead to bias in research selection.
Notably, most of the included literature was from Asia, which
could adversely affect the reliability and validity of our results.
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Figure 8. Forest plots for the accuracy of SE for the diagnosis of breast tumors. (E) Sensitivity. (F) Specificity. (G) Positive LR. (H) Negative LR. Cl = confidence
interval, LR = likelihood ratio.
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Figure 9. SROC curve for the accuracy of SE in the diagnosis of breast tumors. AUC = area under curve, SE = strain elastography, SROC = summary receiver
operating characteristic.
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