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Vascularity as assessed by Doppler intraoral ultrasound around
the invasion front of tongue cancer is a predictor of pathological
grade of malignancy and cervical lymph node metastasis
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Objectives: To quantitatively evaluate the relationship of vascularity of tongue cancer as
demonstrated on intraoral ultrasonography images and tumour thickness with pathological
grade of malignancy and the presence of cervical lymph node metastases.
Methods: 18 patients with tongue cancer were enrolled in this retrospective study. Using
Doppler ultrasonography images of the invasion front of the cancers along the length of their
tumour boundaries, three vascular indexes were analysed quantitatively, namely ratio of
blood flow signal area within the cancer to whole tumour area (BAR), blood flow signal
number ratio (BNR) and blood flow signal width ratio (BWR). The associations between
these three indexes and occurrence of cervical lymph node metastasis and pathological grade
of malignancy [Yamamoto–Kohama (YK) classification] were assessed. Furthermore, the
relationship between tumour thickness and occurrence of cervical lymph node metastasis was
evaluated on B-mode intraoral ultrasonography images.
Results: There was no significant association between BAR and tumour thickness or
occurrence of cervical lymph node metastasis. The BNRs and BWRs of patients with cervical
lymph node metastasis were significantly higher than those of patients without nodal
involvement. The BWRs of patients with high-grade malignancy (YK-4C) were significantly
higher than those of patients with low-grade malignancy (YK-2 or 3).
Conclusions: BNR and BWR on the invasion front of the tongue cancer are predictors of
pathological grade of malignancy and cervical lymph node metastasis.
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Introduction

Intraoral ultrasonography is a non-invasive and easy
and effective means of evaluating the thickness of

tongue cancer.1–5 Tumour thickness on intraoral ultra-
sonography images is reportedly an important predictor
of cervical lymph node metastasis and patient
outcome.4–8 Invasion front ratio calculated from the
length of the invasive front on intraoral ultrasonogra-
phy images is related to the histopathological grade.3

However, most studies have reported the morphological
characteristics of tongue cancer, as assessed on B-mode
intraoral ultrasonography images.
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Tumour angiogenesis has an important effect on tu-
mour growth and lymph node metastasis.9 Strong im-
munohistochemical expression of vascular endothelial
growth factor, which causes tumour angiogenesis, is
associated with higher clinical stage and worse overall
survival in patients with head and neck squamous-cell
carcinoma.10 High blood vessel density and histological
grade of malignancy are significantly related to cervical
lymph node metastasis in patients with oral squamous-
cell carcinoma.11–13 Shinozaki et al5 reported that the
presence of blood vessel infiltration is a determinant of
prognosis of cervical lymph node metastasis and that
Doppler-identified blood vessel infiltration and lymph
duct infiltration have significantly different associations
with prognosis. However, no studies have used Doppler
intraoral ultrasonography images to quantitatively evalu-
ate vascularity within tumours and in their invasion fronts.
The purpose of this study was to use intraoral ultra-

sonography images to quantitatively analyse the re-
lationship of vascular findings on the invasion front and
within tongue cancers and tumour thickness with
pathological grade of malignancy and cervical lymph
node metastasis.

Methods and materials

Patients
The subjects for this study were drawn retrospectively
from 21 consecutive patients with tongue cancer
(19 patients with squamous-cell carcinomas and 2 patients
with verrucous carcinomas), who had undergone pre-
operative Doppler intraoral ultrasonography and tumour
resection at our hospital between April 2012 and October

2014. Because this was a retrospective study, we could not
obtain prior informed consent from the study subjects.
Instead, we published the study protocol on our hospital’s
website and stated that patients who did not agree to the
use of their data would not be included. However, all
patients agreed to use of their data. Two patients with
superficial verrucous carcinomas (tumour thickness,
2–3mm) were excluded from this analysis because the
amount of noise in the blood flow signals on their Doppler
intraoral ultrasonography images precluded evaluation.
An additional patient was excluded because of failure to
attend for follow-up. Thus, 18 patients with squamous-cell
carcinoma were enrolled in this study. They comprised
16 males and 2 females, ranging in age from 26 to 90 years
(median, 60.5 years) (Table 1).

The Yamamoto–Kohama (YK) classification was
used for pathological grade of malignancy.6,14 This
classification focuses on the shape of tumour-cell cords
at the tumour–host interface and has five grades (1, 2, 3,
4C and 4D). The criteria for these five categories are as
follows: grade 1, well-defined border; grade 2, cells in
cords, less marked border; grade 3, groups of cells, no
distinct border; grade 4C, involving a cord-like type of
diffuse invasion; and grade 4D, involving a widespread
type of diffuse invasion. According to the YK classifi-
cation, no patients had YK-1 tumours, six patients had
YK-2, nine patients had YK-3, three patients had YK-
4C and none had YK-4D.

On pre-operative cervical lymph node staging by
careful clinical examination, CT and ultrasonography, 7
of 18 patients had suspected cervical lymph node me-
tastases and therefore underwent neck dissection
(Patients 5–8 and 13–15). Nodal involvement was con-
firmed pathologically in six of these seven patients.

Table 1 Summary of characteristics of patients in this study

Patient

TNM
classification

Pathological findings Follow-up period Ultrasonography findings

No. Sex
Age
(years) Diagnosis

YK
classification

Duration
(months)

Subsequent
metastasis

Recurrence of
primary lesion

Tumour
thickness
(mm)

BAR
(%) BNR

BWR
(%)

1 M 49 cT1N0M0 SCC 2 41 No No 6 0.30 0.0114 4.3
2 M 61 cT1N0M0 SCC 2 40 No No 5 55.23 0.0120 6.8
3 F 26 cT1N0M0 SCC 2 39 No No 3 0 0 0
4 M 90 cT1N0M0 SCC 2 37 No No 5 19.90 0.0091 9.1
5 M 82 pT2N0M0 SCC 2 36 No No 12 10.12 0 0
6 M 72 pT4aN2bM0 SCC 4C 35 No No 17 5.36 0.0117 15.8
7 M 73 pT2N1M0 SCC 3 34 No No 10 3.81 0.0124 9.6
8 M 45 pT3N1M0 SCC 3 30 Yes (6)a Yes (6)b 19 21.11 0.0169 19.3
9 M 60 cT1N0M0 SCC 4C 28 Yes (4)a Yes (15)b 3 9.36 0.0050 12.4
10 M 57 cT1N0M0 SCC 3 24 Yes (14)a No 5 52.28 0.0185 10.2
11 M 73 cT1N0M0 SCC 2 22 Yes (12)a No 5 57.72 0.0170 25.5
12 M 46 cT2N0M0 SCC 3 19 No No 5 1.49 0 0
13 M 53 pT2N2bM0 SCC 4C 19 Yes (1)a Yes (6)b 10 41.70 0.0272 27.9
14 M 79 pT4aN2bM0 SCC 3 17 Yes (3)a No 18 9.34 0.0094 7.5
15 M 69 pT3N1M0 SCC 3 16 No No 17 27.45 0.0095 6.6
16 M 77 cT1N0M0 SCC 3 16 No No 2 36.62 0 0
17 F 57 cT2N0M0 SCC 3 13 No No 19 89.49 0.0067 14.3
18 M 26 cT1N0M0 SCC 3 12 No No 6 0 0 0

BAR, ratio of blood flow signal area within the cancer to whole tumour area; BNR, blood flow signal number ratio; BWR, blood flow signal
width ratio; F, female; M, male; SCC, squamous-cell carcinoma; TNM, tumour–node–metastasis; YK, Yamamoto–Kohama.
aNumber indicates a period (months) from first operation when subsequent metastasis occurred.
bNumber indicates a period (months) from first operation when recurrence of primary lesion occurred.
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There was no pre-operative evidence suggestive of me-
tastases in the remaining 11 patients (Patients 1–4, 9–12
and 16–18).

The duration of follow-up ranged from 12 to
41 months (median, 26 months). During follow-up,
additional cervical lymph node metastases developed in
six patients (Patients 8–11, 13 and 14). Three of these
patients had been staged as N0, when they underwent
surgery for their primary lesions (Patients 9–11). The
remaining three patients had undergone neck dissection
during their first surgeries and were staged pathologi-
cally as pN1 or pN2b (Patients 8, 13 and 14). These
three patients developed contralateral neck node me-
tastases during follow-up.

No patients received pre-operative radiotherapy or
chemotherapy.

Doppler intraoral ultrasonography
Intraoral ultrasonography was performed with a Se-
quoia 512 (Acuson, Mountain View, CA). The tongue
cancers were imaged using a wide bandwidth linear
transducer, 15L8w (Acuson, Maintain View, CA). The
aperture of the transducer was 6-cm long and 0.5-cm
wide. The common settings in B-mode were a central
frequency of 12MHz and gain of 80 dB. The settings in
power Doppler mode were a central frequency of 10
MHz, velocity scale of 0.013 m s21 and Colour Doppler
gain of 40 dB.

Intraoral ultrasonography of the tongue was per-
formed by coating a probe with echo jelly and covering
it with disposable cling wrap. The probe was then
placed parallel to the long axis of the tongue, which
was gently held using a gauze; the operator used
minimal pressure to achieve adhesion of the probe.
Both B-mode and power Doppler ultrasonography
images of the maximum cross-sectional area of the
tumour were obtained (Figure 1). Furthermore, 3-s
Doppler cine images consisting of about 40 still images
were stored. The intraoral ultrasonography examina-
tions were performed by three radiologists (CY, TS
and KM).

Intraoral ultrasonography image analysis
All data were acquired in digital imaging and communi-
cations in medicine (DICOM) and transferred to the
server of a picture archiving and communication system
(Centricity PACS SE-J; GE Healthcare, Milwaukee, WI).
The data were converted from (DICOM) to tagged image
file formate (TIFF) format and transferred to a personal
computer using CD-R. The TIFF images were analysed
with Image J v. 1.48 software (National Institutes of
Health, Bethesda, MD).15–17

The thickness of the maximum cut surface of the
tongue cancers was measured on B-mode intraoral ul-
trasonography images.

Power Doppler intraoral ultrasonography images of
the maximum cut surface of the tongue cancers were
analysed quantitatively using three vascular indexes that

reflect the amount of tumour angiogenesis. These three
indexes were obtained as follows (Figures 1, 2):

1. Extraction of genuine blood flow signals by re-
moving noise signals from blood flow signals on Doppler
intraoral ultrasonography images (Figure 1a–d).

Noise was defined as signals in the Doppler cine
images that flashed on and off irregularly; velocity
colours corresponding to these blinking signals were
removed from the blood flow signals on the Doppler
ultrasonography still images. However, because the
velocity range scale of the original Doppler still images
changed continuously from yellow to dark red, it was
difficult to separate noise from genuine blood flow
signals. Next, the original Doppler images (256 colours)
were converted into images with 64 colours (Figure 1a,b).
Colour reduction processing was used to display the ve-
locity range scale in these 64-colour images with 8–12
stages of yellow to red, the noise signals being in two to
four stages. This process resulted in extraction of genuine
blood flow signals (white area in Figure 1c, black area in
Figure 1d).

2. Extraction of boundary line of invasion front of
tumours on B-mode intraoral ultrasonography images
(Figure 1e–h).

The method for extracting the boundaries of tu-
mour invasion on B-mode intraoral ultrasonography
images was according to the processing procedure
with the computer-aided diagnosis system described
by Yamane et al.2 First, noise was reduced by ap-
plying median, mean and low-path filters to the
original B-mode images (Figure 1e,f). We then binarized
the images by discriminant function analysis (Figure 1g).18

Finally, the boundaries of the tumours were extracted
using a Laplacian filter (Figure 1h).

3. Superimposition (Figure 1i) of extracted genuine
blood flow signals (Figure 1d) and tumour boundaries
(Figure 1h).

4. Quantitative analysis of tongue cancer blood flow
signals.

The following three vascular indexes were calculated
on the invasion fronts of the cancers along the lengths of
the tumour boundaries: ratio of blood flow signal area
within the cancer (BAR) to whole tumour area, blood
flow signal number ratio (BNR) and blood flow signal
width ratio (BWR).

BAR was defined as percentage of blood flow signals
area within the cancer to whole cancer area (Figure 2a).
BNR was defined as the ratio of the number of blood
flow signals penetrating the tumour boundary divided
by the full length of the tumour boundary accord-
ing to the following equation: BNR5 n/L, where n
is the number of blood flow signals penetrating the
tumour boundary and L is the full length of the
tumour boundary. BWR was defined as the width
ratio of blood flow signals penetrating the tumour
boundary divided by the full length of the tumour
boundary according to the following equation:
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where B is the width on the tumour boundary
(Figure 2b).
Associations of tumour thickness and these three in-

dexes of cancer vascularity with pathological grade of

malignancy and occurrence of cervical lymph node
metastasis were then assessed.

Pathological grade of malignancy
Pathological grade of malignancy was classified using the
YK classification6,14 and evaluated on haematoxylin-eosin-
stained sections of the resected specimens by two examiners

Figure 1 Procedure for extracting genuine blood flow signals and tumour contours from intraoral ultrasonography images. (a) Original Doppler
ultrasonography image (256 colours). The velocity range scale is shown to the left of the image. (b) The original Doppler ultrasonography image
(a) has been converted into 64 colours. Colour reduction processing has been used to show the velocity range scale in nine stages of yellow–red. (c)
The noise signals of three of nine stages in the velocity range scale. The noise signals are dark red, whereas genuine blood flow signals are shown in
white. (d) Extracted blood flow signals. (e) An original B-mode ultrasonography image. (f) Median, mean and low-path filters have been applied to
the original B-mode ultrasonography image (e) for noise reduction. (g) The image (f) was binarized by discriminant function analysis. (h) The
tumour boundaries extracted using a Laplacian filter. (i) The extracted blood flow signals image (d) and tumour contour extracted tumour
invasion front from image (h) have been superimposed.
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(CY and KO), including an oral pathology specialist. Be-
cause patients with YK-4C or 4D grade reportedly have
a higher risk of tumour recurrence and cervical lymph
node metastasis than patients with other grades (YK-1, 2
or 3),6,14 the study subjects were allocated to two groups
according to YK classification (YK-4C and other grades).

Statistical analysis
All statistical analyses were performed on a personal
computer using JMP® 11(SAS Institute, Cary, NC).
Statistical significance was assessed using the Mann–
Whitney U test. A p-value ,0.05 was considered to
indicate statistical significance. Receiver-operating
characteristic (ROC) analysis was also performed us-
ing JMP 11. Accuracy of prediction of poor outcomes
such as tumour recurrence and subsequent cervical
lymph node metastasis during follow-up using BNR
and BWR was evaluated by ROC analysis. The area
under curve and asymptotic 95% confidence intervals
were calculated by ROC curve analysis.

Results

Table 1 shows a summary of relevant patient charac-
teristics and pathological and intraoral ultrasonography
findings.

Relationships between tumour thickness and occurrence
of cervical lymph node metastasis and pathological grade
of malignancy
Tumour thickness in the nine patients with cervical
lymph node metastases was 3–19 mm (median, 10 mm)
and in the nine patients without cervical lymph node
metastases, 2–19mm (median, 5.5 mm); this difference
was not statistically significant (p5 0.2104).

The tumour thickness of YK-4C grade tumours ranged
from 3–17mm (median, 10mm) and of YK-2 or 3 grade
tumours from 2–19mm (median, 6mm); this difference
was not statistically significant (p5 1.0000).

Relationships between BAR and occurrence of cervical
lymph node metastasis and pathological grade
of malignancy
The BAR of nine patients with cervical lymph node
metastases was 3.82–57.72% (median, 21.11%) and of

nine patients without cervical lymph node metastasis,
0–89.49% (median, 10.12%); this difference was not
statistically significant (p5 0.4265).

The BAR of patients with YK-4C grade tumours
ranged from 5.36 to 41.70% (median, 9.36%) and those
of patients with YK-2 or 3 grade tumours 0–89.49%
(median, 19.90%); this difference was not statistically
significant (p5 1.0000).

Relationships between BNR and occurrence of cervical
lymph node metastases and pathological grade
of malignancy
The BNR of nine patients with metastases at opera-
tion on their primary lesions or during follow-up or
both was 0.005–0.0272 (median, 0.0124) and of nine
patients without metastases 0–0.012 (median, 0). The
BNR of patients with metastases was significantly
higher than that of those without metastases (p5 0.0057)
(Figure 3).

The BNR of patients with YK-4C grade tumours
ranged from 0.005 to 0.0272 (median, 0.0117) and of
those with YK-2 or 3 grade tumours from 0 to 0.0185
(median, 0.00945); this difference was not statistically
significant (p5 0.4020).

Figure 2 Procedure for quantitative analysis of the cancers’ blood flow signals. (a) The ratio of blood flow signal area within the cancer to whole
tumour area defined as percentage of blood flow signals area within the cancer (black area) to those of the whole cancer area. (b) The blood flow
signal number ratio defined as the ratio of the number of blood flow signals penetrating the tumour boundary divided by the full length of the
tumour boundary. The blood flow signal width ratio defined as the sum of blood flow signal widths on the tumour boundary (B11B21B31…1Bn)
divided by the full length of the tumour boundary.

Figure 3 Box plot graph showing the relationship between cervical
lymph node metastases and blood flow signal number ratio (BNR).
The BNR is significantly higher for patients with metastases than for
those without them (p, 0.01).
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Relationships between BWR and occurrence of cervical
lymph node metastases and pathological grade
of malignancy
The BWR of nine patients with metastases at operation
on primary lesion or during follow-up or both was
6.6–27.9% (median, 12.4%) and of nine patients without
metastases 0–14.3% (median, 0%); this difference was
statistically significant (p5 0.0043) (Figure 4).
The BWR of patients with YK-4C grade tumours

ranged from 12.4 to 27.9% (median, 15.8%) and of
those with YK-2 or 3 grade tumours from 0 to 25.5%
(median, 6.8%); this difference was statistically signifi-
cant (p5 0.0418) (Figure 5).

Receiver-operating characteristic curve analyses
ROC analyses using BNR and BWR were performed to
predict metastasis. The area under the curve of the BNR
and BWR were 0.889 and 0.901, respectively (Figure 6).
The cut-off value for the BNR was 0.00943, the sensi-
tivity and specificity for predicting metastasis being
88.9% and 77.8%, respectively. Using a BWR cut-off of
6.6%, the sensitivity and specificity for predicting me-
tastasis were 100% and 66.7%, respectively.

Discussion

Tumour angiogenesis affects tumour growth and me-
tastasis progression;9 Okada reported that this is a pre-
dictor of metastasis.13 A high vascular density is
reportedly associated with advanced tumour stage and
a poor prognosis in oral cancers.11–13 We therefore
postulated that quantitative evaluation of the vascu-
larity of tongue cancers on Doppler intraoral ultraso-
nography images predict the grade of malignancy and
occurrence of cervical lymph node metastasis and ac-
cordingly devise three quantitative indexes of vascular-
ity, the BAR, BNR and BWR. The BAR, which is

a measure of the quantity of blood flow within a cancer,
did not differ significantly between patients with and
without cervical lymph node metastases. However, both
the BNR and BWR, which are measures of the quantity
of blood flow at a cancer’s invasion front, were signif-
icantly higher in patients with nodal involvement than
in those without nodal involvement (Figures 3, 4).

High vascularity is considered to indicate a hyper-
nutritional state that supports the high proliferative ac-
tivity of cancer cells around the invasion front of
a tumour, whereas such high vascularity is not necessary
for nourishing cells within a carcinoma, such cells having
a lower proliferative rate than those at the invasion front.

We assessed the ability of the BNR and BWR to predict
cervical lymph node metastases. The sensitivity and spec-
ificity of the BNR were 88.9% and 77.8%, respectively, and
of the BWR 100% and 66.7%, respectively. These values
are better than those previously reported for tumour
thickness, which had a sensitivity and specificity for pre-
dicting metastases of 64% and 100%, respectively, using
a cut-off value of 5mm and 100% and 61.5%, respectively,
using a cut-off value of 3mm.5,8 In the present study, there
was no significant difference in tumour thickness between
patients with and without nodal involvement.

Highly malignant tumours such as YK-4 tumours can
cause cervical lymph node metastases and recurrence
even when small (,5 mm) at initial diagnosis. We
speculate that the prognosis is affected more strongly by
the grade of malignancy than tumour thickness.

To evaluate the pathological grade of malignancy, we
used the YK classification,6,14 which is widely used in
Japan for oral cancers. The YK classification is a mod-
ified version of the Jakobsson et al19 and Willen et al20

classifications, which focus on the pattern of invasion at
tumour margins, and is a predictor of cervical lymph
node metastases and prognosis.2,3,5,6,14 Many studies
have reported that patients with tumours of grade of
YK-4C or 4D have significantly higher risks of tumour

Figure 4 Box plot graph showing the relationship between cervical
lymph node metastases and blood flow signal width ratio (BWR). The
BWR is significantly higher for patients with metastases than for those
without them (p, 0.01).

Figure 5 Box plot graph showing relationship between Yamamoto–-
Kohama (YK) classification and blood flow signal width ratio
(BWR). The BWR was significantly higher for YK-4C grade tumours
than for YK-2 or 3 tumours (p, 0.05).
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recurrence and cervical lymph node metastases than
those with tumours of lesser grades (YK-1–3).6,14

The BWR of grade YK-4C tumours was significantly
higher than that of tumour with lesser grades (YK-2 or 3),
whereas the BAR and BNR did not differ significantly
between these two groups. Therefore, we consider the
BWR to be a useful index for predicting the pathological
grade of malignancy.

The sensitivity of the BWR was high at 100%, but
specificity was low at 66.7%, and the false-positive ratio
was high. This is because not only the number of new
blood vessels but also the width of these vessels should
increase in the site where angiogenesis is prevalent;
therefore, the BNR, which is an index used to indicate
the number of blood vessels, more accurately reflects
angiogenesis. Moreover, we consider that this may be
the factor that raised a false-positive ratio; circulatory
diseases such as hyperaemia or congestion that are un-
related to angiogenesis can easily increase blood vessel
diameters. Further study is necessary.

In this study, the duration of follow-up ranged from
12 to 41 months, within 5 years. Post-operative de-
velopment of cervical lymph node metastases reportedly

occurs within 1 year after first surgery in 77–91% of all
patients with oral cancer.21–26 Therefore, our duration
of follow-up was long enough to evaluate the occur-
rence of subsequent cervical lymph node metastases.

In intraoral ultrasonography, an ultrasound probe
designed for intraoral use which is compact and easy to
use in scanning should be employed; however, de-
ployment of these probes is not widespread, and many
hospitals do not have one. The ultrasound device that
we used did not have a specifically designed intraoral
probe, and we chose a small linear-array probe for su-
perficial imaging instead. It was similar in shape
(T-shape) and size to the probe that Shinozaki et al5

employed for intraoral ultrasonography, and we could
deploy it using a technique similar to that employed by
these authors. We can substitute a probe that is not
specifically designed for intraoral use, if we can clearly
capture tumour boundaries and the blood flow signals
around the invasion front of the tumour.

A limitation of our study was the small number of
patients enrolled; we consider that a further larger study is
necessary. If more subjects had been included in the
study, it would follow that the statistical significance of
the study results would be strengthened. The prediction of
pathological grade of malignancy and the cervical lymph
node metastasis using intraoral ultrasonography enables
the choice of improved treatment for oral cancer and
appropriate follow-up after treatment; we expect that the
prediction of the pathological grade of malignancy and
cervical lymph node metastasis using intraoral ultraso-
nography will enable the choice of improved treatments.

In conclusion, the indexes that we developed for this
study reflect angiogenesis and tumour growth. Quanti-
tative measures of vascularity around the invasion front
of tongue cancers can predict the pathological grade of
malignancy and cervical lymph node metastasis.
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