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Background: Breast diseases pose increasing threat to women health as peoples lifestyle changes. The aim of this study was
to investigate the clinical application value of Palpation Imaging (PI) in the diagnosis of breast diseases.
Material/Methods: From October 2019 to February 2020, 184 patients with 225 breast lesions were examined by using PI, ultra-
sound, and mammography in the department of Breast Surgery, the First Affiliated Hospital of Anhui Medical
University. All cases were confirmed pathologically by core-needle biopsy or excisional biopsy. The cut-off val-
ue of the PI tests was determined by receiver operating characteristic (ROC) curve. We compared the exami-
nation results of Pl with ultrasound and mammography to analyze the diagnostic value of PI.
Results: Pathological examination revealed that 186/225(82.67%) lesions were benign, while 39 were malignant. All
8 parameters of Pl were significantly correlated with pathological findings (P<0.05). The best cut-off value for
the Pl score was 19.5 and the area under the curve (AUC) for the Pl was 0.921 (95% Cl: 0.874—0.968, P<0.001)
with 89.7% sensitivity and 86.0% specificity. Pl showed greater sensitivity (89.7%) and its specificity (86.0% vs.
86.4%, P=0.931) and accuracy (86.7% vs. 84.6%, P=0.604) were similar to those of mammography. The combi-
nation of 3 types of test is superior to a single examination. The sensitivity was 100% and the specificity was
98.8%.
Conclusions: Pl has high clinical value in differentiation of benign and malignant breast lesions. Combination examination
has the potential to improve the detection of breast cancer in screening and diagnostic capacities and can be
used as a supplement to ultrasound and mammography.
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Material and Methods

Breast diseases remain a major health concern for women, and
breast cancer is the most commonly diagnosed malignant tu-
mor in female patients globally according to the World Health
Organization (WHO) [1], and its incidence in China has been
increasing by approximately 3% annually [2]. Over the years,
a number of preventive measures and risk factors have been
studied to reduce the incidence of breast cancer, such as risk
assessment [3], epigenetic changes [4], and selective estrogen
receptors [5]. But these strategies cannot eliminate the ma-
jority of breast cancers in low- and middle-income countries,
where breast cancer usually is diagnosed at a very late stage.
Therefore, early detection to improve breast cancer outcome
and survival has played a significant role in breast cancer con-
trol and surveillance.

Clinical trials over the last 2 decades have suggested that early
diagnosis and treatment are important in improving the surviv-
al rate of patients with cancer [6,7]. The current methods for
breast examinations include clinical breast examination (CBE),
ultrasound, mammography, and magnetic resonance imaging
(MRI). Each method for the screening and diagnosis of breast
cancer has its own advantages and disadvantages. Currently,
the most widely used modality for breast cancer screening is
mammography, which is recommended by the WHO as the
only proven method because of its high specificity [1], but
the sensitivity of mammography is affected by breast densi-
ty and it decreases with increasing parenchymal density [8].
Thus, mammography is not very effective for young women
under 40 years of age and women with dense breasts [9]. At
present, the capability of ultrasound as a screening method
for breast cancer remains controversial as it is highly opera-
tor-dependent and also has other limitations [10]. In addition,
the high false-positive rates of MRI, as well as its high cost,
limits its application in breast cancer screening [11]. Based
on elasticity theory, palpation imaging (PI) was first proposed
for breast cancer screening in 2006 [12]. Pl records the pres-
sure and location data of breast lesions by sensors and trans-
lates palpation findings into a visual record. A colorful image
in both two-dimensional (2-D) and three-dimensional (3-D)
formats reflects morphological characterization data of a tu-
mor, including size, shape, hardness, and other parameters.
Malignant and benign lesions can be categorized according
to these parameters [12]. The present study reports the re-
sults of PI, ultrasound, and mammography performed in 184
patients, which aimed to assess the value of Pl in the diagno-
sis of breast diseases.

Study population

A total of 187 participants with breast diseases were select-
ed from outpatients who visited the Department of Breast
Surgery, the First Affiliated Hospital of Anhui Medical University
(Anhui, China) from October 2019 to February 2020. The pa-
tients were 12-80 years of age, with a median age of 42 years.
All patients were subjected to PI, ultrasound, and mammog-
raphy, and final diagnosis was confirmed by core-needle bi-
opsy or excisional biopsy and pathological reports. Of these,
67 patients were excluded from mammography due to age re-
striction. Altogether, 187 patients with 225 lesions were finally
included. All research subjects signed a written informed con-
sent to participate in the study.

Methods

Breast ultrasound was performed using a Mindray 7S ultra-
sound machine (Mindray Resona7S; Shenzhen Mindray Bio-
Medical Electronics Corp., Shenzhen, China). The patients were
examined in supine position with both arms above the head to
adequately expose the breast. Each quadrant of the breast to
the bilateral axilla was detected. If a lump was found by ultra-
sound, further ultrasonic scanning of the lesion was performed
in longitudinal and transverse sections. A GE Senograph DS
mammography machine (GE Healthcare, Milwaukee, WI, USA)
was used for molybdenum target X-ray examination, and bi-
lateral breast images were obtained in the craniocaudal and
mediolateral oblique views. The examinations and diagno-
ses were performed independently by 2 expert radiologists.

Pl was performed using a breast palpation imaging machine
(BT9; Beijing Xiantongkanggiao Medical Technology Corp.,
Beijing, China), which consists of a probe with pressure sen-
sors, an electronic unit, and a touch screen laptop (Figure 1).
The patients were in supine position. The pressure response
acquired by the probe sensors while scanning target lesions
were converted to images shown on the screen in real time.
The color image in both 2-D and 3-D formats records the 8 pa-
rameters of the lesion, including 2-D color, 2-D shape, 2-D dy-
namic, 3-D peak profile, 3-D peak height, 3-D summit shape,
3-D base, and 3-D dynamic. Pl examination of the women with
breast diseases were performed by 2 clinical operators and
also reviewed by an independent specialist.

Ultrasound and mammograms were evaluated using the crite-
ria given by the American College of Radiology Breast Imaging
Reporting and Data System (BI-RADS) [13,14]. Images contain-
ing lesions with BI-RADS of 4B or greater were considered as
malignant [15]. For the Pl examination, statistical analysis was
performed to assess the correlation between Pl parameters
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Figure 1. Palpation imaging machine (BT9; Beijing
Xiantongkanggiao Medical Technology Corp., Beijing,
China).

and pathologic findings. ROC curves were plotted and AUC was
calculated to get the optimal cut-off of Pl scores as the criteri-
on to differentiate benign vs. malignant lesions.

The collected data were entered into Excel 2019 and statistical
analysis was performed with SPSS 23.0 software. Associations
were tested using the Pearson chi-square test or Fisher exact
test. P<0.05 was considered statistically significant.

Results

General data

Malignant or benign breast lesions were confirmed by patho-
logical examination as the criterion standard, and 225 lesions
were analyzed in this study. In total, 186 benign lesions were
diagnosed (82.67%), including 102 fibroadenomas (45.3%), 43
adenoses (19.1%), 16 intraductal papillomas (7.1%), 9 inflam-
mations (4.0%), 7 phyllodes tumors (3.1%), 5 atypical ductal
hyperplasias (2.2%), 2 duct ectasias (0.9%), and 2 breast tis-
sues (0.9%). Among 39 malignant breast lesions, the diagno-
ses included 34 invasive ductal carcinomas (15.1%), 2 intra-
ductal papillary carcinomas (0.9%), 2 ductal carcinomas in situ
(0.9%, 1 high-grade ductal carcinoma in situ and 1 moderate-
to-high-grade ductal carcinoma in situ with microinvasion and
Paget’s disease), and 1 encapsulated papillary carcinoma (0.4%).
The patient and tumor characteristics are shown in Table 1.

Pl results
The results of Pl examination are shown in Table 2. All 8 pa-

rameters (2-D color, 2-D shape, 2-D dynamic, 3-D peak pro-
file, 3-D peak height, 3-D summit shape, 3-D base, and 3-D
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dynamic) of Pl were significantly correlated with pathological
findings. All P values were less than 0.05. Representative imag-
es of the benign and malignant lesions are shown in Figure 2.
In the 2-D image, the peak of malignant mass lesions was in
black or red and was shown as an irregular shape with inho-
mogeneous central pressure. In the 3-D image, malignant tu-
mor was characterized by multiple peaks with higher peak
heights. A burr sign of the peak summit and stationary base
were also the features of breast malignancy in Pl examina-
tion. Conversely, 2-D images shown in orange, yellow, or blue
were mostly benign. Images with regular shape, sharp summit
shape, and single peak are more likely to be benign lesions.

On the basis of the Breast Palpation Imaging Reporting and
Data System (BPI-RADS) (Table 3) [16], we calculated the cu-
mulative score of each lesion as the Pl score. A higher score
indicated a higher possibility of malignancy. The ROC curves
were plotted according to the sensitivity and specificity data
obtained from the actual diagnosis using Pl (Figure 3) and the
AUC was 0.921 (95% Cl: 0.874-0.968, P<0.001). The best cut-
off value for the Pl score using the Youden index was 19.5 to
differentiate between benign and malignant breast lesions.

Comparison of different imaging studies

Using 19.5 score as the cut-off value in our study, the sensitivi-
ty of Pl was 89.7%, the specificity was 86.0%, and the accuracy
was 86.7%. For ultrasound and mammography, the sensitivities
were 79.5% and 80.6%, the specificities were 96.8% and 86.4%,
and the accuracies were 93.8% and 84.6%, respectively. The
diagnostic performance of each method is shown in Table 4.

In comparison of the sensitivity of the 3 diagnostic methods,
Pl examination demonstrated higher sensitivity (89.7%) than
ultrasound (79.5%) and mammography (80.6%). However, chi-
square statistical analysis of the sensitivity results showed
that the differences among the 3 methods were not statisti-
cally significant (P=0.413).

Ultrasound provided the highest specificity (96.8%), and the
sensitivities of Pl and mammography were similar (86.0% and
86.4%, respectively). Overall, the difference in specificity across
the 3 methods was statistically significant (P=0.001). No sig-
nificant difference in specificity was observed between Pl and
mammography (86.0% vs. 86.4%, P=0.931), but the specifici-
ties of Pl and mammography were significantly (P<0.05) low-
er than that of ultrasound (96.8%) (Table 5).

The diagnostic accuracies of the 3 methods were compared,
showing statistically significant (P=0.012) differences. The accu-
racy of Pl was 86.7%, which was significantly lower than the ac-
curacy of ultrasound (93.8%, P=0.011). The results for mammog-
raphy (84.6%) were similar to those of Pl examination (Table 5).
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Table 1. Patient and tumor characteristics.

Characteristic

Total, n (%)

Ding Y. et al.:
Use of palpation imaging in diagnosis of breast diseases
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Malignant, n (%)

Benign, n (%)

Age, years

1 (27) 77 (52.4)
22 (59.5) 56 (38.1)
14 (37.8) 14 (9.5
19 (48.7) 96 (51.6)
3 (15.8) 18 (18.8)
15 (78.9) 51 (53.1)
0 17 (17.7)
1 (53) 5 (5.2
0 5 (5.2
20 (51.3) 90 (48.4)
0 17 (18.9)
13 (65.0) 49 (54.4)
4 (20.0) 17 (18.9)
3 (15.0) 5 (5.6)
0 2 (22
1 (2.6 0
0 3 (16)
1 (2.6 110 (59.1)
5 (12.8) 52 (28.0)
12 (30.8) 5 (27
9 (23.1) 1 (05)
10 (25.6) 0
1 (26) 15 (8.1)
2 (5.1) 44 (23.7)
11 (28.2) 88 (47.3)
19 (48.7) 40 (21.5)
6 (15.4) 12 (6.5)
1 (26) 2 (1Y)
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Table 1 continued. Patient and tumor characteristics.

Characteristic Total, n (%) Malignant, n (%) Benign, n (%)

Mammography

a 2 (17) 2 (5.6) 0

""""" b 868 5@y 361
""""" ¢ s @s2 27050 61 (@53
""""" a 1@ 2 (8 170
"""" Results
e 2 56 32 (395
""""" > _eq@n o  eqn
""""" s 190 2 68 1700
""""" 4@ 18 3 @) 12 148
""""" ®  1ws@wn  s@)y 8 09
""""" %  86® 5@y 361
s 1e@wn 16 @49 o

H e
el Irregular Regular Wide Medium Narrow

Higher Medium Lower Multi  Single

M — malignant; B — benign.

Results of combination tests In a parallel test of PI, ultrasound, and mammography, a ma-
lignant result with any of these 3 tests was defined as a posi-
Previous studies have confirmed that the sensitivity for de- tive result. When the 3 methods were combined, the sensitiv-
tecting breast cancer by combined application of Pl and ultra- ity of breast cancer diagnosis increased to 100%. There was a
sound or Pl and mammography was higher than that using a statistically significant difference in sensitivity, with the combi-
single modality [17]. Use of a combination test could improve nation test showing higher sensitivity than ultrasound (83.3%,
the diagnostic sensitivity, specificity, and accuracy. In our study, ~ P=0.025) and mammography (80.6%, P=0.011) (Table 6).
we combined these 3 methods in parallel and serial tests to

assess sensitivity and specificity.
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Figure 2. Representative images of the malignant lesions. (A) 2-D image of benign lesion. (B) 3-D image of benign lesion. (C) 2-D image
of malignant lesion. (D) 3-D image of malignant lesion.

Table 3. BPI-RADS classification.

Parameter Scoring criteria

2-D color Grade 1: blue, 2: yellow, 3: orange, 4: red, 5: black
2Dshape Gradel: regular, 2: iregular
2Ddynamic Grade 1: homogeneous, 2: medium, 3: inhomogeneous
 3Dpeakheight Grade 1: low, 2: lower, 3: medium, 4: higher, :high
©3Dsummitshape Grade 1:sharp, 3: smooth, 3:burr
 3-Dpeakprofle Gradel: single, 2omuti
3Dbase Grade 1: narrow, 2: medium, 3: wide
3Ddynamic Grade 1: active, 2: general, 3: stationary

However, in the serial test, to be considered as positive, all 3 Discussion

image tests must yield malignant results. As a result, the spec-

ificity increased to 98.8% when the 3 methods were combined. In recent years, as morbidity and mortality rates are increasing

This was significantly higher than the results of Pl (82.7%, annually, breast cancer has become a major threat to wom-

P<0.001) or mammography (86.4%, P=0.003) (Table 7). en’s health globally [18]. Numerous studies have reported that
high-quality screening, early diagnosis, and early treatment
could reduce mortality rates of cancer [19,20]. The current
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Figure 3. ROC curve of PI.

methods for breast cancer screening include CBE, ultrasound,
mammography, and MRI, among which, mammography is the
most widely used and is recommended by the WHO as the
only proven method [1]. Because of its high specificity, US
National Comprehensive Cancer Network (NCCN) guidelines
have suggested that women aged 40 years and older should

Table 4. Comparison of examination results by different methods.

CLINICAL RESEARCH

get mammograms every 1-2 years [21]. However, some stud-
ies found its sensitivity, especially in dense breasts, was rela-
tively low [9]. A large study conducted in the United States and
Canada found that the diagnostic accuracy of mammography
for breast cancer was 78% [22]. Furthermore, the results of a
study with 55 350 patients in Denmark suggested a decreas-
ing sensitivity of mammography, with increasing parenchy-
mal density [8]. Thus, mammography is not very effective for
young women under 40 years of age and women with dense
breasts. Ultrasound can discover breast disease characterized
by solid or cystic tumors and help to determine the nature of
the lesions. However, the accuracy and effectiveness of ultra-
sound are closely related to operator experience and techniques
and the ability to interpret images [10]. At present, the utili-
ty of ultrasound as a screening method for breast cancer re-
mains controversial [23]. MRI offers high sensitivity in detect-
ing breast cancer, superior to mammography [24]. However,
due to high false-positive rates and high cost, MRI is often
recommended to screen high-risk patients with a family his-
tory of breast cancer [11]. Clinical breast palpation is a simple
and brief screening test for breast cancer [25]. However, for
obese women and patients with very large breasts, the sen-
sitivity of breast palpation is greatly reduced because of op-
erational difficulties. A cross-sectional study in France did not
recommend clinical breast palpation as routine screening for
breast cancer due to the lack of unified diagnostic criteria and

Methods Sensitivity Specificity Accuracy

Pl 89.7% 86.0% 86.7%
Utrasound 795% %68% 93.8%
 Mammography | 806% 864% 84.6%

10.3% 14.0% 57.4% 97.6%
20.5% 3.2% 83.8% 95.7%
19.4% 13.6% 72.5% 90.9%

FNR — false negative rate; FPR — false-positive rate; PPV — positive predictive value; NPV — negative predictive value.

Table 5. Comparison of specificity and accuracy of different methods.

Pathology

Accuracy (%)

0.604**

86.4 0.931* 84.6

M — malignant; B — benign. * Overall group comparison and ** comparison with PI.
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Table 6. Sensitivity of combination tests (parallel test).

Pathology

Ding Y. et al.:
Use of palpation imaging in diagnosis of breast diseases
© Med Sci Monit, 2020; 26: €927553

Sensitivity (%)

0.010%

M — malignant; B — benign. * Pl vs. combination; ** ultrasound vs. combination; # mammography vs. combination; # overall group

comparison.

Table 7. Specificity of combination tests (serial test).

Pathology

0.001#

M — malignant; B — benign. * Pl vs. combination; ** ultrasound vs. combination; # mammography vs. combination; # overall group

comparison.

examination reporting [26]. The variability and subjectivity of
clinical breast palpation have led to this method falling out of
favor. For a public health screening intervention, the sensitivity
and specificity of clinical breast examination are too low and
variable to use as a screening test [27]. Therefore, an alterna-
tive screening method that is more cost-effective and less op-
erator-dependent in an office setting is needed.

Elastography is an ultrasound imaging method first sug-
gested by Ophir et al. in 1991 [28]. In a subsequent study,
Krouskop et al. [29] investigated the difference in elastic co-
efficient between different tissues and found that the larger
the elastic coefficient, the greater the hardness of the tissue.
This has been called the theory of tissue elasticity. A small
elastic coefficient indicates low hardness of normal breast tis-
sue. Conversely, a larger elastic coefficient represents great-
er hardness and greater likelihood of malignant tissue. Based
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on the elasticity theory, Pl use a highly sensitive probe con-
sisting of 192 pressure sensors [30], and under the pressure
application to the breast issue, reaction force from breast le-
sions can be converted to digital signals. Tumor characteriza-
tion data, including size, shape, hardness, and other param-
eters, are presented in color images in 2-D and 3-D formats.
Pl was first reported by Kaufman et al. in 2006 in a study of
110 patients with breast lesions [12]. Pathology examination
showed the positive predictive value and diagnostic accuracy
of Pl were both 94% in 36 cases of breast cancer. Meanwhile,
the diagnostic accuracy of clinical palpation was 86% and the
positive predictive value was only 78% [12]. In another multi-
center study, 179 cases collected from 4 different clinical sites
demonstrated that Pl had a sensitivity of 91.4% and specificity
of 86.8% [30]. Egorov et al. [30] suggested that PI might be ex-
pected to become an early screening method for breast cancer.

In the present study, we demonstrated that all 8 parameters
(2-D color, 2-D shape, 2-D dynamic, 3-D peak profile, 3-D peak
height, 3-D summit shape, 3-D base, and 3-D dynamic) of PI
were significantly correlated with pathological findings. All P
values were less than 0.05. In 2-D imaging, the peak of malig-
nant mass lesions was in black or red and shown as an irreg-
ular shape with inhomogeneous central pressure. In 3-D im-
aging, a malignant tumor was characterized by multiple peaks
with greater height. Burr sign of the peak summit and station-
ary base were also the features of breast malignancy in Pl ex-
amination. Pl scores of each lesion were calculated and plotted
on ROC curves according to the sensitivity and specificity data
obtained from actual diagnosis of PIl. When the AUC was 0.921
(95% Cl: 0.874-0.968, P<0.001) using a cut-off value of 19.5,
the sensitivity, specificity, and accuracy were 89.7%, 86.0%,
and 86.7%, respectively. Pl has important clinical significance
for the diagnosis of malignant breast tumors.

Before this study, the hardness of detected lesions was in-
tended to be used as a single indicator to distinguish benign
and malignant mass lesions [12]. Our study complements the
other 8 parameters of Pl to provide a more comprehensive
assessment of breast lesions. We demonstrated that all 8 pa-
rameters of Pl were significantly correlated with pathologi-
cal results. All these indicators were included to the analysis,
supporting the high sensitivity of Pl and assisting in the de-
tection of malignancy. Malignant tumors are characterized by
hard texture, unclear boundary, and weak activity upon clini-
cal palpation. However, owing to the lack of objective criteria
or systems, it is sometimes difficult to exactly confirm a mass
by means of breast palpation, even for an experienced clini-
cian. In this study, we used a semi-quantitative index to de-
scribe the hardness, shape, size, homogeneity, and other char-
acteristics. This digital palpation of breast tissues of Pl also
makes the examination and diagnosis more quantitative, ob-
jective, and tenable.

CLINICAL RESEARCH

As a screening test, Pl has a high sensitivity and negative pre-
dictive value (NPV). For a Pl score cut-off of 19.5, the sensitiv-
ity and NPV were 89.7% and 97.6%, respectively. Compared
with other diagnostic modalities, Pl possess several advantag-
es, such as lower cost, operation convenience, and applicabil-
ity to all age groups. The present results demonstrate that PI
can be widely used in breast cancer detection. In our results,
its specificity and accuracy were somewhat lower than those
of ultrasound and mammography. One of the reasons could
be the broad diagnostic criteria of Pl. Some benign breast le-
sions with irregular shape, multiple peaks, or burr sign char-
acteristics were mistaken for malignancy, which lead to re-
duced specificity and accuracy. There may be another reason
for this. By analyzing the histopathological types of misdiag-
nosis, these included 6 patients with intraductal papilloma, 3
patients with inflammation, 3 patients with phyllodes tumors,
and 3 with granulomatous mastitis. Also, most of these exhib-
ited rich dotted and strip blood flow and calcification in terms
of radiological features. In summary, Pl also has its own defi-
ciencies when examining patients with atypical breast mass
and we need additional studies and more data to improve di-
agnostic approaches. In further work, we will explore more di-
agnostic parameters of Pl to improve specificity and accuracy
through big data analysis.

The innovative feature of our study is the combination of PI,
ultrasound, and mammography. When these 3 methods were
combined, the sensitivity of the parallel test and the spec-
ificity of the serial test were 100% and 98.8%, respective-
ly, which were better than that of either method alone. From
a clinical point of view, a combination test may improve the
efficiency of early diagnosis for patients with breast cancer
and capture cases that cannot be diagnosed by a single test.
Mammaography, which is the most commonly applied modality
for breast screening, has a high false-positive rate, which lim-
its its use in low-risk patients. This problem is common among
Asian women who have relatively dense breasts, and false-
positive results of mammography lead to many unnecessary
biopsies. In this case, bionic palpation devices, including PI,
could be a potential alternative to mammography for patients
in particular groups, such as those with dense breasts, and pro-
vide better performance in diagnosis. Regarding ultrasound,
which has been traditionally used to differentiate cysts and
solid masses, there are substantial overlaps between benign
and malignant image features, especially for small lesions. PI
could be help compensate for this deficiency of ultrasound by
comprehensively analyzing 2-D and 3-D formats of tumors. PI
examination may have difficulty in diagnosing intraductal le-
sions and calcification of breast masses, but ultrasound and
mammography perform well in diagnosing these pathologies.
Therefore, the combination of PI, ultrasound, and mammog-
raphy could be used to analyze ambiguous clinical cases and
improve the diagnosis of breast lesions.
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Conclusions

Pl is a noninvasive, convenient screening tool, especially when
used with another diagnostic modality, and its use can signif-
icantly improve early detection rates of tumors. Pl could be
particularly helpful for health care providers to screen breast
cancer at early stage, given its easiness to apply in office-
based settings.
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