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Abstract

Background: Accurate assessment of lymph node involvement is essential for prognosis and guiding treatment decisions in gyneco-
logical cancers, as it directly influences therapeutic strategies and patient outcomes. However, conventional imaging techniques, such
as ultrasound and computed tomography (CT), demonstrate limited accuracy in determining the nature of lymph nodes. This study im-
plements three-dimensional shear wave elastography (3D-SWE), an innovative technique that quantifies the stiffness of inguinal lymph
nodes (ILN) in patients with gynecological cancers. This approach offers a more comprehensive assessment of ultrasound elastography
compared to traditional methods. Methods: This retrospective study evaluated 120 ILNs from patients with gynecological cancers who
underwent conventional ultrasound (US), two-dimensional shear wave elastography (2D-SWE), and multiplanar 3D-SWE. The diagnos-
tic performance was analyzed using receiver operating characteristic (ROC) methodology, enabling a comprehensive comparison of the
sensitivity and specificity of 3D-SWE relative to conventional ultrasound and 2D-SWE. Pathology results from lymph node resections or
biopsies served as the reference standard. Results: Final pathology confirmed 65 metastatic and 55 benign lymph nodes. The maximum
(Emax) and average (Emean) elasticity values from 2D-SWE and 3D-SWE for malignant lymph nodes were significantly higher than
those for benign lymph nodes (p< 0.0001). ROC analysis indicated that for identifying metastatic lymph nodes, the area under the curve
(AUC) values were 0.798 for 2D-SWE Emax, and 0.828, 0.839, and 0.816 for the transverse, sagittal, and coronal planes of 3D-SWE
Emax, respectively. The differences between these AUC values were not statistically significant (p > 0.05). Furthermore, Emax values
consistently surpassed Emean values in terms of characterization accuracy across modalities. Although no significant differences were
observed between 2D-SWE and 3D-SWE, the sagittal view Emax yielded the best AUC, indicating optimal diagnostic precision overall.
Conclusions: 3D-SWE, particularly using the sagittal Emax parameter, effectively distinguishes benign lymph nodes from metastatic
ones by quantitatively evaluating the stiffness of ILNs in relation to gynecological tumors. Serving as a dependable diagnostic method
for lymph nodes, 3D-SWE may help reduce the necessity for invasive biopsy procedures in some cases.

Keywords: two-dimensional shear wave elastography; three-dimensional shear wave elastography; ultrasonography; shear wave elas-
tography; elasticity imaging techniques; gynecologic neoplasms; lymphatic metastasis

1. Introduction
Gynecological cancers pose a significant threat to

women’s health globally [1]. Cervical cancer ranks as the
fourth most prevalent cancer among women [2,3]. Further-
more, the age-standardized incidence and mortality rates
of endometrial cancer continue to rise [4–6]. Ovarian can-
cer remains a leading cause of gynecological cancer-related
mortality, frequently diagnosed at an advanced stage [7,8].
Additionally, there has been a consistent increase in the in-
cidence of vulvar intraepithelial neoplasia and vulvar can-
cer among older women [9,10]. The inguinal lymph nodes
(ILN) serve as critical sites for metastasis in vulvar and
ovarian cancers, and they may also be involved in the rare
metastatic spread of endometrial cancer via the round lig-
ament [11]. For these gynecological malignancies, pre-
cise evaluation of ILN status is essential for accurate stag-

ing, prognostication, and for guiding optimal treatment
strategies, including lymphadenectomy and adjuvant ther-
apy [10–12]. Consequently, there is an urgent need for ac-
curate, non-invasive imaging diagnostic tools to assess ILN
metastasis.

Conventional imaging techniques such as ultrasonog-
raphy, computed tomography (CT), and positron emission
tomography-CT have been extensively employed to evalu-
ate lymph nodes [13–15]. However, the reliance of these
modalities on morphological characteristics, alone may re-
strict diagnostic accuracy and overlook critical mechani-
cal properties, such as stiffness and deformability, which
are crucial for distinguishing malignancy. Elastography,
as an advanced ultrasound technique, has been effectively
utilized to characterize the elastic properties of organs and
tissues across various disease states, including cancer [16–
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Fig. 1. Patient flow diagram. SWE, shear wave elastography; US, ultrasound; 2D-SWE, two-dimensional shear wave elastography;
3D-SWE, three-dimensional shear wave elastography.

22], demonstrating its potential to reduce unnecessary biop-
sies in suspected malignancies [23–25] and predict prog-
nosis in certain cancer types [26–29]. Numerous clinical
studies have highlighted the efficacy of two-dimensional
(2D) elastography in differentiating between benign and
malignant tumors [30–35], including the distinction be-
tween benign and metastatic lymph nodes [36–38]. How-
ever, conventional 2D elastography is confined to a sin-
gle imaging plane, which is inadequate for assessing the
complex three-dimensional spatial heterogeneity in tissue
stiffness that is characteristic of metastatic lymph nodes.
Three-dimensional shear wave elastography (3D-SWE) ad-
dresses this limitation by acquiring consecutive 2D images
for three-dimensional (3D) reconstruction, thereby facili-
tating a comprehensive, volumetric quantification of elastic
distribution within tissues, potentially improving diagnos-
tic accuracy and characterization of lymph nodes [39–43].
Nonetheless, the application of 3D-SWE to evaluate ILN
has yet to be explored. This study investigates the use of
3D-SWE for the assessment of ILN in gynecological can-
cers, positing that this approachmay enhance diagnostic ac-
curacy. The findings could establish 3D-SWE as a reliable
method for assessing metastasis in ILN, thereby informing
patient management.

2. Materials and Methods
2.1 Participants

This retrospective study was conducted from January
to August in 2017, enrolling 134 patients with gynecolog-

ical cancer. The study adhered to the ethical standards
outlined in the Helsinki Declaration and received approval
from the institutional review board. Informed consent was
obtained from all patients prior to their inclusion in the
study.

The inclusion criteria were as follows: (a) ILN
histopathological confirmed as benign or metastatic disease
through surgical excision or ultrasound-guided core nee-
dle biopsy; (b) completion of pathological examination and
diagnosis within two weeks following lymph node ultra-
sound; and (c) absence of diffuse systemic diseases such as
lymphoma, leukemia, or other hematological malignancies.

The exclusion criteria included: (a) lymph nodes lack-
ing adequate histological results from surgical excision or
core needle biopsy within the specified timeframe; (b) pa-
tients lost to follow-up or with cytology findings classified
as ‘indeterminate’ or ‘uncertain’ without subsequent histo-
logical examination; (c) prior history of ILN surgery, treat-
ment, or invasive diagnostic procedures; (d) failure to ob-
tain informed consent; (e) inability to perform shear wave
elastography (SWE) measurements due to breath-holding
difficulties or vascular pulsation artifacts; and (f) signifi-
cant or coarse calcification (diameter ≥3 mm), affecting
the accuracy of SWE quantification. Flow diagram sum-
marizes the patient recruitment (Fig. 1).
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Fig. 2. Images of the inguinal lymph nodes (ILN) with metastasis originating from vulvar cancer in a 51-year-old female patient.
(A) Ultrasound image illustrating indistinct corticomedullary differentiation, with a longitudinal to transverse diameter ratio exceeding
0.5. (B) 2D-SWE image. (C) Consists of orthogonal planes (transverse, coronal, and sagittal) derived from 3D-SWE images.

2.2 Methods
2.2.1 Conventional Ultrasound (US)

All patients were imaged using an AixPlorer ul-
trasound system (SuperSonic Imagine, Aix-en-Provence,
France) in US, two-dimensional shear wave elastography
(2D-SWE), and 3D-SWE imaging modes. Initially, a 4–
15 MHz linear array transducer was used to acquire US
images. Patients were positioned supine with their in-
guinal regions exposed for imaging, while two sonogra-
phers, Y.S. and J.D., each with over 10 years of experience,
conducted comprehensive scans of the ILN. During the
scanning process, the morphological characteristics of the
lymph nodes—including size, internal echogenicity, cor-
tical thickening, hilar appearance, and vascularity—were
evaluated independently, with the sonographers blinded to
the pathological diagnosis. Lymph node metastasis was
suspected based on the presence of features including mi-
crocalcification, cystic changes, diffuse or focal hypere-
chogenicity, a longitudinal-to-transverse diameter ratio of
less than 2, peripheral or mixed vascularity, irregular mar-
gins, or loss of the fatty hilum.

2.2.2 2D-SWE
A 5–14 MHz linear probe was utilized to assess the

lymph node. During the procedure, the ultrasound physi-
cian (Y.S. or J.D.) applied ultrasound gel and gently placed
the transducer on the skin surface overlying the ILN. The
patient was instructed to momentarily hold their breath
while the sampling box was adjusted to encompass the en-
tire structure. After stabilizing the image for 3 to 5 seconds,
SWE was performed. For quantitative analysis, a 2 mm re-
gion of interest (ROI) was designated at the stiffest part of
the lymph node, while avoiding calcified and liquefied re-
gions. The Q-Box system (SuperSonic Imagine, Aix-en-
Provence, France) subsequently calculated the maximum
(Emax) and average (Emean) elasticity values in kilopas-
cals (kPa) by averaging three measurements.

2.2.3 3D-SWE
During the 3D-SWE examination, a 5–16 MHz vol-

ume transducer was utilized by two experienced ultrasound
physicians (Y.S. and J.D.). The procedure commenced with
appropriate patient preparation including positioning the
patient in a supine position with the neck slightly extended.
An adequate amount of ultrasound gel was applied to fa-
cilitate optimal acoustic coupling. The examination proce-
dure mirrored that of 2D-SWE. The transducer was gently
positioned over the targeted lymph node, and the sampling
frame was meticulously adjusted to encompass the entire
lymph node within the view. Once the appropriate settings
were confirmed, including optimal depth and gain adjust-
ments for clear visualization, the 3D-SWE mode was ac-
tivated. At this stage, the transducer was held steady, and
the patient was instructed to hold their breath for 3–5 sec-
onds while the 3D image was captured to minimize motion
artifacts. For quantitative analysis, the captured 3D vol-
ume was reviewed layer by layer using a tri-plane orthog-
onal schematic (transverse, sagittal, and coronal planes),
enabling a comprehensive examination of various cross-
sections of the lymph node. High-quality images that accu-
rately represented the lesion were selected for further anal-
ysis. A 2 mm ROI was subsequently designated in the most
rigid part of the node, ensuring that the measurements re-
flected the most relevant tissue characteristics. Data collec-
tion was conducted using the Q-Box system, which facili-
tated the measurement of Emax and Emean values in kilo-
pascals (kPa). Three measurements were taken from the
designated ROI to derive an average value for each param-
eter, thereby ensuring consistency and reliability in the re-
sults. This approach aimed to enhance the accuracy of the
3D-SWE assessments and support subsequent analysis of
metastatic involvement in the lymph nodes (Fig. 2).

3

https://www.imrpress.com


Table 1. Elasticity Values of 2D-SWE and 3D-SWE Planes for metastatic and benign ILN.
Metastatic (n = 65) Benign (n = 55) p value

2D-SWE
Emax (kPa) 38.8 (23.6, 82.8) 17.3 (13.5, 26.5) p < 0.0001
Emean (kPa) 31.3 (16.1, 65.4) 15.3 (11.3, 23.6) p < 0.0001

3D transverse SWE
Emax (kPa) 55.4 (26.0, 99.5) 23.1 (18.6, 28.4) p < 0.0001
Emean (kPa) 34.5 (20.9, 76.8) 18.2 (15.1, 22.8) p < 0.0001

3D sagittal SWE
Emax (kPa) 49.8 (26.0, 91.2) 21.0 (18.1, 25.1) p < 0.0001
Emean (kPa) 37.3 (19.6, 72.4) 18.3 (15.8, 22.7) p < 0.0001

3D coronal SWE
Emax (kPa) 58.2 (26.0, 86.5) 21.3 (17.5, 25.0) p < 0.0001
Emean (kPa) 38.3 (19.4, 71.7) 18.1 (14.4, 20.4) p < 0.0001

Emax, the maximum elasticity values; Emean, the average elasticity values.

2.2.4 Statistical Analysis

Statistical analysis was conducted using SPSS version
26.0 (IBM, Chicago, IL, USA). Both Emax and Emean did
not conform to a normal distribution andwere therefore rep-
resented as the median (P25, P75) values. Differences in
nonparametric variables were analyzed using the Wilcoxon
rank-sum test, with statistical significance set at p < 0.05.
Additionally, MedCalc version 20 software (MedCalc, Os-
tend, Belgium) was utilized to generate receiver operating
characteristic (ROC) curves and to compute the area under
the curve (AUC) to evaluate the diagnostic performance of
the ultrasound parameters. The optimal cut-off value was
identified based on the maximumYouden index, which was
the point on the ROC curve that maximizes the sum of sen-
sitivity and specificity. Interobserver agreement was eval-
uated using the intraclass correlation coefficient (ICC).

3. Results
3.1 Participant Demographics and Characterization

This study enrolled a total of 120 patients. A total of
13 participants were excluded for the following reasons: 3
had no significant histology from surgery or biopsy, 1 had
non-diagnostic cytology, 3 had a history of ILN surgery or
treatment, 2 had failed SWEmeasurements due to technical
issues, and 4 had lymph nodes with significant calcification
(≥3 mm). Additionally, 1 participant declined to partici-
pate. The mean age of the participants was 52.85 ± 10.11
years, with an age range of 35 to 71 years. The participants
had 120 lymph nodes, with a mean maximum diameter of
17.43 ± 4.06 mm. Among these lymph nodes, 65 were
identified as metastatic, comprising 37 from cervical can-
cer, 9 from vulvar cancer, 11 from vaginal cancer, 5 from
ovarian cancer, 1 from endometrial cancer, 1 from ovarian
fibrosarcoma, and 1 from fallopian tube cancer. The re-
maining 55 lymph nodes were classified as benign, with 41
from cervical cancer, 9 from vulvar cancer, 2 from vaginal
cancer, 2 from ovarian cancer, and 1 from endometrial can-

cer. Based on the reproducibility analysis, the interobserver
reliability demonstrated a high level of consistency, with an
ICC greater than 0.75.

3.2 US Findings
A total of 56 lymph nodes were diagnosed as be-

nign using US. Among these, 41 lymph nodes (73.21%)
were pathologically confirmed as benign. Additionally,
64 lymph nodes were diagnosed as metastatic, with 50
(78.13%) confirmed pathologically as malignant. For
metastatic ILN, grayscale ultrasound exhibited sensitivity
of 76.92%, specificity of 74.55%, accuracy of 75.83%, pos-
itive predictive value of 78.13%, and negative predictive
value of 73.21%.

3.3 Elastography Parameters of 2D-SWE
The median Emax and Emean of 65 malignant lymph

nodes on 2D-SWE were 38.8 (23.6, 82.8) kPa and 31.3
(16.1, 65.4) kPa, respectively. The median Emax and
Emean of 55 benign lymph nodes on 2D-SWE were 17.3
(13.5, 26.5) kPa and 15.3 (11.3, 23.6) kPa, respectively.
The 2D-SWE Emax and Emean for malignant lymph nodes
were both higher than those for benign lymph nodes, with
statistically significant differences (p < 0.0001 for both
comparisons) (Table 1).

3.4 Elastography Parameters of 3D-SWE
Themedian Emax and Emean values on the transverse

plane of 3D-SWE for malignant lymph nodes were 55.4
(26.0, 99.5) kPa and 34.5 (20.9, 76.8) kPa, respectively. In
contrast, the median Emax and Emean values for benign
lymph nodes were 23.1 (18.6, 28.4) kPa and 18.2 (15.1,
22.8) kPa, respectively. Both Emax and Emean values were
significantly higher in malignant lymph nodes than in be-
nign lymph nodes (p< 0.0001 for both comparisons). In the
sagittal plane of 3D-SWE, the median Emax and Emean for
malignant lymph nodes were 49.8 (26.0, 91.2) kPa and 37.3
(19.6, 72.4) kPa, respectively. In contrast, for benign lymph
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Table 2. Comparison of the diagnostic performance of the five models.
Cut-off* AUC Sensitivity (%) Specificity (%) PPV NPV Accuracy Youden’s J statistic p value

US - - 76.92 74.55 78.13 73.21 -
2D-SWE
Emax 22.5 0.798 (0.715–0.866) 78.46 70.91 76.12 73.59 75.00 0.4937 p < 0.0001
Emean 16.3 0.738 (0.650–0.814) 73.85 65.45 71.64 67.93 70.00 0.3930 p < 0.0001

3D-SWE-A
Emax 25.0 0.828 (0.748–0.891) 75.38 76.36 79.03 72.41 75.83 0.5175 p < 0.0001
Emean 19.8 0.786 (0.702–0.856) 72.31 72.73 75.81 69.00 72.50 0.4503 p < 0.0001

3D-SWE-S
Emax 25.1 0.839 (0.760–0.899) 78.46 76.36 79.69 75.00 77.50 0.5483 p < 0.0001
Emean 19.6 0.746 (0.658–0.821) 75.38 67.27 73.13 69.81 71.67 0.4266 p < 0.0001

3D-SWE-C
Emax 27.3 0.816 (0.734–0.880) 72.31 74.55 77.05 69.49 73.33 0.5175 p < 0.0001
Emean 21.8 0.766 (0.680–0.838) 73.85 72.73 76.19 70.18 73.33 0.4657 p < 0.0001

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; Emax, maximum elasticity values; Emean, average
elasticity values; 3D-SWE-A, the transverse plane of 3D-SWE; 3D-SWE-S, the sagittal plane of 3D-SWE; 3D-SWE-C, the coronal plane of
3D-SWE; *The optimal cut-off, yielding maximum sensitivity and specificity on SWE.

nodes, themedian Emax and Emean values were 21.0 (18.1,
25.1) kPa and 18.3 (15.8, 22.7) kPa. Notably, both Emax
and Emean were significantly higher in malignant lymph
nodes compared to benign lymph nodes (p < 0.0001 for
both comparisons).

In the coronal plane of 3D-SWE, the median Emax
and Emean for malignant lymph nodes were 58.2 (26.0,
86.5) kPa and 38.3 (19.4, 71.7) kPa, respectively. In con-
trast, for benign lymph nodes, the median Emax and Emean
were 21.3 (17.5, 25.0) kPa and 18.1 (14.4, 20.4) kPa, re-
spectively. Notably, both Emax and Emean values on
the coronal plane were significantly higher for malignant
lymph nodes than for benign lymph nodes (p < 0.0001 for
both comparisons) (Table 1).

3.5 Diagnostic Performance of the Quantitative 2D-SWE
and 3D-SWE Findings

The ROC curves were generated using pathology re-
sults as the reference standard. The AUC of the Emax
value of 2D-SWE for differentiating between benign and
metastatic lymph nodes was 0.798 (95% confidence in-
terval [CI]: 0.715–0.866). The AUCs for the Emax val-
ues of the transverse, sagittal, and coronal planes of 3D-
SWE were 0.828 (95% CI: 0.748–0.891), 0.839 (95% CI:
0.760–0.899), and 0.816 (95% CI: 0.734–0.880), respec-
tively (Fig. 3). No significant differences were observed
between these AUCs (p > 0.05 for all comparisons).

The AUC for Emean in 2D-SWE was 0.738 (95%
CI: 0.650–0.814). The AUCs for Emean in the transverse,
sagittal, and coronal planes of 3D-SWE were 0.786 (95%
CI: 0.702–0.856), 0.746 (95% CI: 0.658–0.821), and 0.766
(95% CI: 0.680–0.838), respectively. There were no signif-
icant differences observed between 2D-SWE and the three
planes of 3D-SWE (p > 0.05 for all comparisons). In both
2D-SWE and 3D-SWE, the AUC for Emax was higher

than that for Emean in differentiating between benign and
metastatic lymph nodes. For 2D-SWE, the AUCs for Emax
and Emean were 0.798 (95% CI: 0.715‒0.866) and 0.738
(95% CI: 0.650‒0.814), respectively. In 3D-SWE, the
AUCs for Emax and Emean were as follows: for the trans-
verse plane, Emax was 0.828 (95% CI: 0.748‒0.891) and
Emean was 0.786 (95% CI: 0.702‒0.856); for the sagittal
plane, Emax was 0.839 (95% CI: 0.760‒0.899) and Emean
was 0.746 (95% CI: 0.658‒0.821); and for the coronal
plane, Emax was 0.816 (95% CI: 0.734‒0.880) and Emean
was 0.766 (95% CI: 0.680‒0.838).

When differentiating between benign and malignant
lymph nodes, the Emax index in the sagittal plane of 3D-
SWE demonstrates higher sensitivity and specificity com-
pared to US. The optimal cut-off values for both 2D-SWE
and 3D-SWE parameters, as well as their corresponding di-
agnostic performance, are summarized in Table 2.

4. Discussion
3D-SWE utilizes ultrasound-generated shear waves to

quantify tissue elasticity. By overcoming the limitations of
2D-SWE, such as its reliance on a single imaging plane and
lack of anatomical context, 3D-SWE provides a more com-
prehensive model of tissue elasticity through multiplanar
reconstruction. This technique facilitates intuitive visual-
ization of lesions in transverse, coronal, and sagittal planes,
thereby allowing for a more detailed description of tissue
hardness [44]. By providing insights into tissue stiffness
and elasticity, 3D-SWE enhances the diagnosis of small
structures and deep organs.

In this study, we evaluated the efficacy of 3D-SWE
for detecting ILN metastases in gynecological malignan-
cies, which has not been extensively explored in the liter-
ature. The 3D-SWE technology demonstrated higher sen-
sitivity and specificity compared to US, indicating its su-
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Fig. 3. The ROC curve for the quantitative parameters of 2D-SWE and 3D-SWE in the diagnosis of metastatic ILN.ROC, receiver
operating characteristic; ILN, inguinal lymph nodes; 3D_A_Emax, the maximum elasticity modulus in the transverse plane of 3D-SWE;
3D_C_Emax, the maximum elasticity modulus in the coronal plane of 3D-SWE; 3D_S_Emax, the maximum elasticity modulus in the
sagittal plane of 3D-SWE; 2D_Emax, the maximum elasticity modulus of 2D-SWE.

perior performance in differentiating between benign and
metastatic lymph nodes. This enhanced performance may
be attributed to 3D-SWE’s ability to quantitatively assess
tissue elasticity, reflecting pathophysiological changes such
as increased cell density and extracellular matrix prolifera-
tion, which are characteristic of malignant tumors. Further-
more, the excellent interobserver agreement (with an ICC
of greater than 0.75) further substantiates the reliability and
robustness of 3D-SWE for quantitative elastography.

In this study, we demonstrated the capability of 2D-
SWE to quantitatively differentiate between benign and
metastatic ILN based on stiffness measurements. The

significantly elevated Emax and Emean values observed
in metastatic lymph nodes are consistent with findings
from previous studies [45–47]. Kawahara et al. [48] de-
tected high shear wave velocities in ILN during the mi-
crometastatic phase, reflecting tissue stiffening associated
with extracellular matrix remodeling induced by tumor
growth. The ability of 2D-SWE to identify tissue stiffen-
ing, even when the nodal capsule remains intact, highlights
its diagnostic potential for early detection of metastatic pro-
gression, before structural changes are evident [48]. How-
ever, Suh et al. [49] noted that the prevalence of malig-
nant lymph nodes significantly influences the heterogene-
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ity observed in 2D-SWE studies, suggesting the necessity
for standardized protocols, particularly in terms ofmeasure-
ment techniques and thresholds for malignancy.

When interpreting elastography measurements, it is
essential to consider various factors that may influence the
accuracy and consistency of the results. In this study,
both benign and malignant ILN exhibited higher Emax and
Emean values when assessed using 3D-SWE compared to
2D-SWE. This finding aligns with other investigations indi-
cating that lesion stiffness valuesmeasured via 3D-SWE are
generally greater than those obtained with 2D-SWE [50].
Further analysis suggests that the heavier transducer mass
and the requirement for additional coupling agents in 3D-
SWE may exert extra external pressure on the tissue, con-
tributing to higher measured stiffness values. Addition-
ally, several factors that influence the quality of 3D-SWE
images include the amount of application of pressure, le-
sion location, pathological characteristics, maximal diam-
eter, longest perpendicular depth from the skin, and the
thickness of the prefocal tissue [51]. These factors also
affect 2D-SWE measurements, although to a lesser extent.
Furthermore, the cut-off stiffness values obtained for ILN
in our study were lower than those commonly reported for
cervical lymph nodes. This discrepancy is likely due to
anatomical differences between the groin and neck regions,
such as the irregularity of the skin, the presence of large
vessels and the trachea, as well as the rigidity of pulsating
vascular walls and tracheal cartilage, all of which typically
yield higher stiffness measurements in the neck. In con-
trast, the flatter skin and looser subcutaneous tissues of the
groin result in lower stiffness readings compared to the neck
region. Studies on SWE of canine lymph nodes by Favril
et al. [52] support this observation, demonstrating higher
inter- and intra-observer consistency for ILNs compared to
mandibular and popliteal lymph nodes, further highlighting
the influence of anatomical factors on elastography mea-
surements.

Malignant lesions often exhibit significant hetero-
geneity in tissue architecture, which can complicate the as-
sessment of tumor stiffness and detection of regions with
higher malignancy potential. However, 3D-SWE provides
a multidimensional representation of stiffness variations
within the mass, enhancing the detection of nonuniform
stiffness variations, which is crucial for identifying malig-
nant areas that may otherwise be missed using conventional
methods. Studies conducted by Tian et al. [53] and Zhao
et al. [54] demonstrated that 3D-SWE is superior to 2D-
SWE in evaluating lesion homogeneity and specificity, and
also outperformed US in diagnostic performance, partic-
ularly in detecting irregularities within heterogeneous tu-
mors. Nevertheless, research findings have been inconsis-
tent regarding the clinical advantages of either 2D-SWE or
3D-SWE, particularly with respect to their ability to quan-
tify breast tumors and their overall diagnostic accuracy [55–
57]. Yin et al. [58] reported that Young’s modulus value of

3D-SWE did not significantly differ across the transverse,
sagittal, and coronal planes in muscle tissue. However, 3D-
SWE’s ability of depicting tissue from multiple angles al-
lowed for more accurate characterization of its spatial prop-
erties. Chen et al. [44,59] found that the coronal plane ex-
hibited the most pronounced elastic property variations and
was least affected by pressure artifacts, thus providing op-
timal accuracy. In contrast, Wang et al. [57] reported that
the sagittal plane demonstrated superior diagnostic capabil-
ity compared to the transverse and coronal planes [39,60].

Our study also observed no significant differences in
quantitative parameters across the three planes (p > 0.05),
although the sagittal plane yielded the highest Emax AUC
value. Differences in the imaging plane and imaging di-
rection may contribute to the observed variability. Fur-
thermore, the structural heterogeneity of tumors, including
anisotropy in malignant neoplasms, as well as variations
among tumor subtypes, affect stiffness and further compli-
cate the interpretation of elastography results. Current ev-
idence increasingly supports Emax as the preferred index
for assessing breast lesions. Gao et al. [61] systematically
reviewed four databases following the preferred reporting
items for systematic review and meta-analysis (PRISMA)
guidelines to evaluate the efficacy of SWE parameters in
identifying malignant lymph nodes, finding that Emax and
standard deviation of elasticity values (Esd) exhibited the
highest sensitivity, while Emean provided optimal speci-
ficity. Song et al. [29] identified significant associations
between higher Emax values and lymphovascular invasion,
as well as larger pathological areas, suggesting that SWE
could be a valuable tool for enhancing prognosis prediction
in breast cancer. Analyses by Li et al. [62] indicated that
larger tumors were often associated with elevated Emax and
Emean values, with Emax levels in the lymphovascular in-
vasion group exceeding those in the negative group. Fur-
thermore, investigations by Xue et al. [63] demonstrated
that Emax outperformed Emean in sensitivity, specificity,
and accuracy in diagnosing breast lesions, consistent with
our study findings. This superiority may be attributed to
the most rigid part of the tumor consistently being located
within the region of interest, leading to relatively stable
Emax values, while other parameters, such as Emean, are
more susceptible to fluctuations due to segmentation vari-
ability [64]. Some studies have shown that considering the
characteristics of the peripheral region of lymph nodes can
improve the diagnostic accuracy formetastatic lymph nodes
[65]. This could be a valuable direction for further explo-
ration in future studies.

Limitations

Due to the retrospective design of this study, the ex-
amined population may not fully represent the broader pop-
ulation of patients with gynecological malignancies. Addi-
tionally, ultrasound imaging is influenced by both the oper-
ator’s technique and the machine settings. Future research
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should involve multicenter randomized trials with larger,
more diverse sample sizes to better validate and generalize
these findings.

5. Conclusions
3D-SWE effectively differentiates between benign

and metastatic lymph nodes by quantitatively assessing the
stiffness of ILNs in patients with gynecological tumors. As
a reliable diagnostic tool for lymph nodes, 3D-SWE can re-
duce the need for invasive biopsy procedures while provid-
ing valuable non-invasive information.

Abbreviations
2D SWE, two-dimensional shear wave elastography;

3D SWE, three-dimensional shear wave elastography; ILN,
inguinal lymph node; US, conventional ultrasound; CT,
computed tomography.
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