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Abstract

Purpose: The aim of this study was to research shear wave elastography (SWE) and diffusion-weighted magnetic
resonance imaging (DWI) for oral carcinoma and benign lesions in buccal, sublingual, and submandibular spaces.

Material and methods: Eighteen patients with lesions in buccal, sublingual, and submandibular spaces were evaluated
using SWE and DWI. Maximum shear elastic modulus data were analysed using a SWE software. Mean apparent
diffusion coefficient (ADC) values were analysed using ADC maps with DWL. The shear elastic modulus and ADC
value for oral carcinoma and benign lesions were compared using the Mann-Whitney U test. The relationship between
shear elastic modulus and ADC value was assessed by Pearson’s correlation coefficient.

Results: The shear elastic modulus of the oral carcinoma (116.6 kPa) was higher than those of the benign le-
sions (47.0 kPa). The ADC value of oral carcinoma (1.14 x 10~* mm?s™') was lower than those of benign lesions
(1.62 x 10 mm?s™"). The ADC value was significantly correlated with shear elastic modulus (Y = -88.8X + 207.2,
R*=0.408, p = 0.004).

Conclusions: The SWE and ADC with DWI can be useful in the quantitative evaluation of oral carcinoma and benign

lesions.
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effective in evaluating the extent of those space lesions, its
diagnostic value in predicting malignancy is limited [8].

Introduction Recently, shear wave elastography (SWE) has been

The buccal, sublingual, and submandibular spaces are
small and often overlooked spaces in the head and neck,
and neoplasms in these spaces are rare [1-4]. Radiological
assessment of the buccal, sublingual, and submandibular
spaces is complex and challenging, and multimodal imag-
ing, such as ultrasonography, computed tomography and
magnetic resonance imaging (MRI), are effective for dia-
gnosis and treatment assessment [5-7]. Although MRI is

developed, and the shear elastic modulus has been deter-
mined for different tissues [9]. SWE is an effective tech-
nique in the quantitative evaluation of head and neck
lesions [10-12]. Furthermore, the apparent diffusion coefhi-
cient (ADC) with diffusion-weighted MRI (DWI) are use-
ful to evaluate for histopathological findings in neoplasms
[13]. The ADC values can be useful to characterise and
differentiate head and neck neoplasms [14-19]. However,
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no reports have been published on the relationship be-
tween SWE and DWI for distinguishing between malig-
nant and benign neoplasms in the head and neck. The aim
of this study was to research SWE and DWI for oral car-
cinoma and benign lesions in buccal, submandibular, and
sublingual spaces.

Material and methods

Patients

This prospective study was approved by the Ethics
Committee of our university (ECNG-R-400), and in-
formed consent was obtained from all individual par-
ticipants included in the study. Eighteen patients with
lesions in buccal, submandibular, and sublingual spaces
(10 males, 8 females; mean age 62.1 years, range 16-94 years)

underwent SWE and DWT at our institute between Octo-
ber 2017 and May 2024. The pathological diagnoses in all
lesions were obtained by surgery.

SWE and image evaluation

The SWEs were obtained with a 14-MHz linear trans-
ducer (Aplio 300, Canon Medical Systems, Otawara, Ja-
pan), performed by one oral and maxillofacial radiologist
with over 30 years of experience, following our hospital’s
protocol [9].

Maximum shear elastic modulus data of the lesions
were analysed using SWE software. The integrated SWE
software allowed the operator to place regions of interest
(ROIs) of various sizes within the elastography window
and automatically display shear elastic modulus data (kPa)
for each ROI (Figure 1A).

Figure 1. Pleomorphic adenoma of the left side of the buccal space in a 16-year-old female. Shear wave elastography (A) indicates that the maximum shear
elastic modulus of the lesion is 69.3 kPa in the region of interest (ROI). Diffusion-weighted image (B) shows a high-signal intensity area (arrow). Apparent
diffusion coefficient (ADC) value of the lesion on an ADCmap (C) is 1.24 X 107> mm?s~"in ROI
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ADCvalue with DWI and image evaluation

The DWIs were performed with a 1.5 T MR imaging
unit (EXCELART Vantage MRT-2003; Canon Medical
Systems, Otawara, Japan) by a head coil, following our
hospital’s protocol [15]. The DWI sequence was obtained
with b-values of 0 and 800 s/mm? with echo planar imag-
ing (repetition time 8476 ms, echo time 80 ms). The ADC
maps were automatically calculated based on the DWI
with b = 800 s/mm? (Figure 1B, C).

Mean ADC values of the lesions were analysed by one
oral and maxillofacial radiologist with over 30 years of ex-
perience. We used the ROI to calculate the ADC values on
ADC maps, and we placed the ROI in the lesions to obtain
the mean ADC value (Figure 1C).

Statistical analysis

The shear elastic modulus and ADC value for oral
cancer and benign lesions were compared using Mann-
Whitney U test. The relationship between shear elastic
modulus and ADC value was performed by Pearson’s
correlation coefficient. Statistical analyses were performed
using SPSS (IBM SPSS Statistics 26.0, IBM Japan, Tokyo,
Japan), with a 5% significance level.

Results

Table 1 shows the shear elastic modulus with SWE
for oral carcinoma and benign lesions. The shear elastic
modulus of oral carcinoma (116.6 kPa) was significantly
higher than those of benign lesions (47.0 kPa, p < 0.001).
Table 2 shows the ADC value with DWT for oral carcino-
ma and benign lesions. The ADC values of oral carcinoma
(1.14 x 10~ mm?s™') was significantly lower than those
of benign lesions (1.62 x 10~ mm?s™', p < 0.001).

Figures 1-3 show cases of pleomorphic adenoma,
schwannoma, and squamous cell carcinoma, respectively.
Figure 4 is a scatter diagram showing the relationship be-
tween maximum shear elastic modulus and ADC value
of the lesions. The ADC value was significantly corre-
lated with shear elastic modulus (Y = -88.8X + 207.2,
R*=0.408, p = 0.004).

Discussion

This study investigated the SWE and DWT for oral
carcinoma and benign lesions in buccal, sublingual, and
submandibular spaces, and indicated that the shear elas-
tic modulus of the oral carcinoma was higher than those
of the benign lesions; the ADC value of oral carcinoma
was lower than those of benign lesions; and the ADC
value was correlated with shear elastic modulus.

SWE plays an effective role in the quantitative assess-
ment of head and neck lesions [9, 10]. Ogura et al. [9]
indicated that the shear elastic modulus of the squamous

Shear wave elastography and diffusion-weighted MRI for oral carcinoma

Table 1. Shear elastic modulus with shear wave elastography for oral car-

cinoma and benign lesions

Lesions

Shear elastic modulus
(kPa)

Mean =+ SD

Range

p-value

Oral carcinoma (n=11) 116.6 £25.5 | 83.7-158.5 -
Squamous cell carcinoma | 115.3+22.9 | 90.9-153.7
(n=3)
Adenoid cystic carcinoma | 120.0 +37.4 | 83.7-158.5
(n=3)

Benign lesions (n=7) 470+28.1 | 10.1-89.8 | <0.001
Pleomorphic adenoma 79.6+145 | 69.3-89.8
(n=2)
Haemangioma (n=2) 288+179 | 16.1-414
Schwannoma (n=1) 533

Fibrolipoma (n=1) 10.1

Epidermoid cyst (n=1) 49.2

SD — standard deviation

Table 2. Apparent diffusion coefficient (ADC) value with diffusion-weighted
magnetic resonance imaging for oral carcinoma and benign lesions

Lesions ADCvalue (x 10 mm?’")  p-value
Mean = SD Range

Oral carcinoma (n=11) 1.14+0.08 | 1.03-1.29 -
Squamous cell carcinoma | 1.15+0.09 | 1.08-1.29
(n=3)
Adenoid cystic carcinoma | 1.10+0.07 | 1.03-1.16
(n=3)

Benign lesions (n=7) 1.62+031 | 1.24-1.98 | <0.001
Pleomorphic adenoma 1.49+£035 | 1.24-1.74
(n=2)
Haemangioma (n = 2) 1.97£0.01 | 1.96-1.98
Schwannoma (n=1) 173

Fibrolipoma (n=1) 1.44

Epidermoid cyst (n=1) 1.27

SD — standard deviation

cell carcinoma (109.6 kPa) was higher than that of the be-
nign lesions (46.4 kPa). Sasaki et al. [10] showed that
the shear elastic modulus of the malignant cervical lymph
nodes (105.9 kPa) was higher than that of benign cervical
lymph nodes (11.9 kPa). In this study, the shear elastic
modulus of the oral carcinoma (116.6 kPa) was higher
than those of the benign lesions (47.0 kPa). We consider
that SWE can be effective in the quantitative diagnosis
of oral carcinoma and benign lesions.

Serifoglu et al. [14] indicated that the ADC value for be-
nign lesions and malignant neoplasms in the head and neck
was 1.17 x 10~ mm?s™ and 0.72 x 10> mm?s™, respectively.
Surov et al. [20] indicated that the ADC value of benign
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Figure 2. Schwannoma of the right side of the buccal space in a 17-year-old male. Shear wave elastography (A) indicates that the maximum shear elastic
modulus of the lesion is 53.3 kPa in the region of interest (ROI). Diffusion-weighted image (B) shows a high-signal intensity area (arrow). Apparent diffusion
coefficient (ADC) value of the lesion on an ADCmap (C) is 1.73 X 1073 mmZs~"in ROI

lesions and malignant neoplasms in the head and neck
were 1.46 x 10~ mm?s™ and 1.04 x 10~ mm?’s™!, respec-
tively. Tanabe et al. [21] indicated that the ADC value
of benign lesions (2.36 x 10~ mm?s™') in submandibular
and sublingual spaces was higher than those of malignant
neoplasms (1.10 x 10~ mm?s™"). In this study, the ADC
value of oral carcinoma (1.14 x 10~ mm?s™!) was lower
than those of benign lesions (1.62 x 10~ mm?s™). We con-
sider that the ADC value can be useful for quantitative
diagnoses in the buccal, sublingual, and submandibular
spaces neoplasms.

No reports have been published on the relationship
between shear elastic modulus and ADC for distinguish-
ing between malignant and benign lesions. In this study,
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the ADC value was correlated with shear elastic modulus
(Y = -88.8X + 207.2, R?> = 0.408). We indicated the rela-
tionship between shear elastic modulus and ADC value
of the lesions.

There were several limitations to this study. The study
included only 18 cases, comprising 11 malignant and
7 benign lesions, which is too small to draw statistically
or clinically meaningful conclusions. Moreover, the le-
sions were located in different anatomical regions, such
as the buccal, sublingual, and submandibular spaces,
which differ considerably in tissue composition and
surrounding structures. However, we consider that our
work to be a preliminary study, with novel and clinical
relevance.
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Shear wave elastography and diffusion-weighted MRI for oral carcinoma

Figure 3. Squamous cell carcinoma of the left side of the buccal space in a 66-year-old female. Shear wave elastography (A) indicates that the maximum shear
elastic modulus of the lesion is 134.2 kPa in the region of interest (ROI). Diffusion-weighted image (B) shows a high-signal intensity area (arrow). Apparent
diffusion coefficient (ADC) value of the lesion on an ADCmap (C) is 1.09 X 10-3 mmZs~"in ROI
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Figure 4. Scatter diagram shows the relationship between shear elastic
modulus and apparent diffusion coefficient value of the lesions
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Conclusion

This study researched SWE and DWTI for oral carci-

noma and benign lesions in the buccal, sublingual, and
submandibular spaces, concluding that SWE and ADC
with DWI could be effective in the quantitative evalua-
tion of oral carcinoma and benign lesions.
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