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Tumour thickness in oral cancer
using an intra-oral ultrasound probe

Abstract Objectives To investigate
tumour-thickness measurement with
an intra-operative ultrasound (US)
probe. Methods A retrospective data
analysis was undertaken for a total of
65 patients with a T1-2 oral cavity
cancer, who were seen at a tertiary
referral centre between 2004 and
2010. The correspondence between
tumour thickness measured by ultra-
sonography and histopathology was
assessed by Pearson’s correlation
coefficient, and also between tumour
thickness and the development of
neck metastasis. Results In 11 cases,
intra-oral measurement was not opti-
mal due to limited mouth opening
(n=2) or impossibility to depict

the lesion (n=9). Tumour thickness
measured by US correlated well with
histopathology (n=23, R=0.93).
Tumour thickness of ≤7mm carries a
risk of lymph node metastasis of
12%, whereas in tumours exceeding
7mm this risk is 57% (p=0.001).
Twenty-five percent developed neck
metastasis and 19% had local recur-
rence. Conclusion Tumour thickness
is an important predictive marker for
lymph node metastases. As such, it
can help in decision-making with
regard to management of the primary
tumour and neck. Based upon our
findings, a wait-and-see policy is only
warranted for superficial lesions with
tumour thickness of less than 7mm,
but only if regular follow-up using
US-guided aspiration of the neck is
ensured.
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Introduction

Predicting the risk of lymph node metastases in clinically
N0 patients with oral cancer is very important in treatment
planning for the neck. Tumour thickness has been shown
to be one of the most important features in predicting

lymph node metastases in oral cancer. Since 1986 several
studies have focused on tumour thickness [1–3]. In 2005,
Pentenero et al. [4] showed in a large review cut-off points
as prognostic factors ranging from 2 mm to 10 mm.
Table 1 shows cut-off values for all studies used in this
article and studies performed after the review of Pentenero
et al. [4]. Tumour thickness is not the only important
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predictive factor; other important characteristics of the
tumour are: epidemiologic parameters such as age, sex,
race, alcohol, and/or tobacco intake, clinical parameters
(TNM stage, site) and histopathological parameters such
as the tumour border, being either infiltrative or more
pushing, perineural invasion and vascular invasion [4–6].
Recently, it has also been shown that gene expression of
the primary tumour correlates with the risk of cervical
metastases [7].

Separate from predicting the development of lymph
node metastases, the measurement of tumour thickness
may have implications for the treatment of the primary
tumour as well. Limited oral cancer in general is treated
surgically, using postoperative radiotherapy or chemo-
radiation in the case of unfavourable histopathological
features. In superficial oral cancer, apart from local
excision, CO2 laser resections and photodynamic therapy
(PDT) have also been shown to yield excellent results [8].

However, the results of these alternative treatments are
very much dependent on the amount of tumour infiltration
(i.e. tumour thickness). Although depth of infiltration is
predictive for the chance of local recurrence as well [6], it
is not routinely used as an indication for postoperative
radiotherapy in most clinics. A recent study showed that
tumour thickness is also predictive for the risk of
contralateral cervical metastasis in tongue carcinoma [9].

To measure tumour thickness, different techniques are
available. Several studies have compared intra-oral ultra-
sound (US) with magnetic resonance imaging (MRI) or
computed tomography (CT) [10, 11]. In 1989, Iro and
Nitsche [12] showed that using a miniaturised transducer
enables the depiction of tumours of the anterior tongue and
the floor of the mouth without artefacts. They found this
method to be superior to conventional US for this region.

Since June 2007 we have been using a new intra-
operative transducer (Philips IU-22 L 15-7; 7–15 MHz).
In this study, we present our results with respect to the
feasibility of US measurement of intra-oral tumour thick-

ness, correlation with the presence of lymph node
metastases as well as correlation with MRI, with histo-
pathology as the “gold standard”.

Patients and methods

Ethical considerations

This was a retrospective study with anonymous evaluation of
data; therefore, written informed consent was not required.

Selection criteria

All patients with stage T1–T2 oral cancer planned for
transoral excision or photodynamic therapy (PDT) in our
department were included (n=65). All patients were seen
between 2004 and 2010.

Participants

Ages ranged from 42 to 89 years (mean 65 years) and the
sex ratio was 34 men to 31 women. The cancers were
localised in the tongue (n=38), the floor of the mouth (n=
22) and elsewhere in the mouth (n=5).

Clinical T-stages of the 65 patients were as follows: T1
(n=50), T2 (n=15); N-stages were: N0 (n=59), N1 (n=4)
and N2 (n=2).

Intra-oral US was used in all 65 patients, and MRI was
performed in 36 cases. MRI was only performed as part of
the preoperative treatment planning, in patients possibly
applicable for transoral excision. In 13 cases the lesion
was not found on MRI, because of superficial growth.
These lesions were interpreted as minimal lesions of less
than 1-mm thick.

Table 1 Reviewed articles: from 1986 to 2009, displayed with number of patients, TNM stage, studied site, and cut-off values found by
ultrasound for N0 versus pathological N+ (FOM floor of mouth, N+ tumour thickness significant for nodal involvement)

Reviewed articles Year Number patients TNM Site N+ Survival

Spiro et al. [1] 1986 92 Any TN Oral cavity 2 mm 2 mm
Mohit et al. [14] 1986 84 T1-2N0 FOM 1.5 mm –
Rasgon et al. [3] 1988 22 Any TN Oral cavity 5 mm –
Woolgar et al. [15] 1995 50 T2 Tongue 8 mm 8 mm
Martinez et al. [16] 1995 126 Any TN Oral cavity 7 mm –
Fukano et al. [13] 1996 34 Any TN Tongue 5 mm –
Shintani et al. [10] 1997 53 Any TN Oral cavity 8 mm –
Byers et al. [17] 1998 91 Any TN Tongue 4 mm –
Scheer et al. [18] 2005 64 Any TN Oral cavity 13 mm 14 mm
Veness et al. [19] 2005 99 Any TN Tongue 5 mm 5 mm
Jing et al. [20] 2006 45 Any TN Oral cavity 5.2 mm –
Clark et al. [21] 2006 105 Any TN Oral cavity 5 mm –
Wallwork et al. [22] 2007 53 Any TN FOM 7.5 mm –
Suzuki et al. [23] 2007 48 T1-2N0 FOM 5 mm –
Okura et al. [24] 2008 43 Any TN Tongue 9.7 mm –
Kim et al. [25] 2008 82 Any TN Oral cavity 8 mm 8 mm
El-Okeily et al. [26] 2008 124 T1-3N0 Oral cavity 6.5 mm 6.5 mm
Natori et al. [27] 2008 110 Any TN Tongue 8 mm 8 mm
Huang et al. [2] 2009 1,136 Any TN Oral cavity 4 mm –
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Patients underwent transoral excision (n=30), CO2 laser
excision (n=3) or photodynamic therapy (PDT) (n=29), or a
combination of surgery with postoperative radiotherapy (n=
3). Within the group of patients treated with PDT (n=29) the
localisations were as follows: 13 tumours of the tongue, 13
in the floor of the mouth and three elsewhere in the mouth.

Twelve patients underwent a primary neck dissection.
Histopathological data on thickness were available in

all 33 surgically treated patients.

Current treatment protocol

US measurement of tumour thickness is currently used to
select patients treatable with PDT. In tumours of less than
5-mm thick, PDT treatment can be used as light
penetration up to 1 cm. We chose PDT especially in cases
where surgery carried a risk of Warthin’s duct obstruction
or a marginal mandibulectomy. For thicker tumours, we
always perform a local excision. The neck is staged using
US-guided aspiration cytology (USgFNAC) and a sentinel
node procedure in the case of a negative USgFNAC and
treatment of the primary with transoral excision. For
negative sentinel nodes, a wait-and-see policy is the
standard. In the case of positive sentinel nodes or a
positive USgFNAC, a neck dissection is carried out.

Measurement of tumour thickness

For US measurement of tumour thickness, an intra-
operative transducer (Philips IU-22, L15-7; 7–15 MHz)
was used (n=44). Before June 2007, a small parts
transducer probe (5–7 MHz) was used in 21 patients.
Tumour thickness was measured by placing the probe
directly on the lesion. The same radiologist performed all
intra-oral measurements on the outpatient clinic, 1 or
2 weeks before surgery without anaesthesia.

Using an US probe or MRI, the thickness of the tumour is
measured and not the depth of infiltration from an imaginary
line at the level of the mucosal surface. So, in this study we
measured maximal tumour thickness also with histopatho-
logical sections, and not the depth of infiltration.

On histological sections, the tumour thickness was
measured using the ocular micrometer. MRI examinations
were performed at 3.0 T (Philips Achieva release 3.2.1,
Philips Medical Systems, Best, The Netherlands) using a
dedicated 16-channel SENSE neurovascular coil.

The following series were acquired: STIR TSE COR,
TR (repetition time), IR (inversion time), TE (echo time)
3,880/180/20 ms, ETL: 12, FOV 300/228/40 mm, matrix:
320/320, 2 nex, slice thickness 4 mm; STIR TSE TRA,
TR/IR/TE 4,228/180/20, ETL: 12, FOV: 180/200/80 mm,
matrix 300/312, 2 nex, SW 3.5 mm, T1 TSE TRA, TR/
TE: 780/10, ETL: 5, FOV 180/180/80, matrix 384/384, 2
nex, slice thickness: 3.5 mm; T1 3D Thrive [performed
after intravenous injection of 15 cc gadoterate meglumine
(Dotarem)], TR/TE: 5/2,22, ETL:90, TA: 10, FOV 230/
272/220, matrix 288/288, 2 nex, slice thickness: 0.8 mm;

T1 TSE COR (post contrast): TR/TE: 812/10, ETL: 6,
FOV: 180/150/96 mm, matrix: 320/320, 3 nex, slice
thickness 3.5 mm.

The US findings of the patients treated with PDT and
CO2 laser could not be correlated with histopathological
measurements, for obvious reasons. Figure 1 shows the
measurement of a tumour using the three techniques.

Statistical analysis

The correlation between tumour thickness as measured by
US, MRI and in the histopathological sections was
evaluated. Pearson’s product correlation analysis was
performed on all data in order to determine the overall
correlation between them. The correlation between tumour
thickness and the presence of lymph node metastases was
analysed using the chi-squared test.

Results

Tumour thickness

For all 65 patients, US measurement of the oral lesion was
obtained. For 11 cases, intra-oral measurement was not
optimal due to limited mouth opening (n=2) or the
impossibility of depicting the lesion (n=9). There was
no difference between the old and the new transducer
probe (four versus seven cases). Tumour thickness ranged
from 1 mm to 35 mm, with an average of 8 mm.

MRI was performed on 36 patients. Tumour thickness
ranged from 1 mm to 24 mm, with an average of 5 mm.

On histopathology (n=33), tumour thickness ranged
from 1 mm to 35 mm with an average of 8 mm.

Correlation with histopathology

Correlation between US and histopathology could be made
in 31 cases. For two surgically treated patients, US could not
be performed. Correlation between MRI and histopathology
could be made in 22 cases. Pearson’s product correlation
(Figs. 2, 3) between US and MRI imaging was significantly
different. With a correlation product of R=0.87, US
correlated better with histopathology than MRI (R=0.54).
Comparing the old transducer used before 2007 and the new
intra-oral probe, the Pearson’s product was respectively 0.05
versus 0.93 (Fig. 4)

Neck node metastases

In total, 12 patients (N0=6, N1=4, N2=2) initially
underwent 12 neck dissections, six therapeutic and six
elective. Of these 12 neck dissections, nine were patho-
logical N+ (pN+). In total, 53 clinically N0 patients did
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not undergo a neck dissection initially. During follow-up,
seven patients in this wait-and-see group developed a neck
node metastasis. Of these seven patients, three also had
local recurrence. Thus, a total of 16 of the 65 (25%)
patients were pN+. Of these 16 patients, US could be
performed in 13 cases.

Correlation of tumour thickness and lymph node
involvement

In the patients with available histopathological measure-
ment, histopathologically measured tumour thickness
was used to correlate with lymph node metastasis. For

Fig. 1 Tumour thickness on histology, US and MRI. a Histological section showing a tumour of the tongue. Tumour thickness is 8 mm (A
indicates diameter). b US picture of the same tumour of the tongue. c Tumour thickness measured on MRI
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Fig. 2 Correlation between tumour thickness on histological section
and by US; n=32, Pearson’s product R=0.87

2520151050

H
is

to
p

at
h

o
lo

g
ic

al
 t

u
m

o
u

r 
th

ic
kn

es
s

20,00

15,00

10,00

5,00

0,00

R Sq Linear = 0,536

Fig. 3 Correlation between tumour thickness on histological section
and by MRI; n=22, Pearson’s product R=0.54
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the 32 cases in which histopathology was not possible,
the US-measured thickness was used (only measured
with the new intra-oral transducer probe). Therefore in
total, correlation was possible in 56 patients (Fig. 5).
One metastasis (1/20=5%) was found in patients with a
histological tumour thickness of 3 mm or less. Four
patients had cervical metastasis with tumour thickness
between 4 and 7 mm (4/22=18%). When the tumour
thickness exceeded 7 mm, the cervical metastases rate
increased to 57% (8/14). The difference in metastasis
for 7-mm tumour thickness was significant at p=0.001.
Table 2 shows sensitivity and specificity by cut-off
value.

Correlation of tumour thickness and lymph node
involvement by site

Within the group of tongue carcinomas (n=36), none of
the patients had cervical metastasis with histological
tumour thickness of 3 mm or less (Fig. 6). Three patients
had cervical metastasis with tumour thickness between 4
and 7 mm (3/18=17%). When the tumour thickness
exceeded 7 mm, the cervical metastasis rate increased to
44% (4/9). The difference in metastasis for 7-mm tumour
thickness is significant with p=0.03.

Within the group of floor of mouth carcinomas (n=15),
none of the patients had cervical metastasis with histo-
logical tumour thickness of 7 mm or less. When the
tumour thickness exceeded 7 mm, the cervical metastasis
rate increased to 80% (4/5). The difference in metastasis
for 7-mm tumour thickness is significant at p=0.001.

Local recurrence versus tumour thickness

Tumour thickness measured by histopathology was used for
correlation with local recurrences. In our series, 12 patients
(12/65=19%) had a local recurrence within the follow-up
period. In five cases, recurrences occurred at a thickness of
0–4 mm (5/20=25%), none in the 4–7-mm group, two in the
7–10-mm group (2/7=22%) and no local recurrence
occurred in the group with tumour thickness of >9 mm.
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There was no significant correlation between chance of local
recurrence and tumour thickness.

Discussion

Synopsis of key/new findings

Although this is a retrospective study, all measurements
were performed only once and by the same observer, and
histology was not available in all patients, this study
demonstrates that the measurement of tumour thickness
with the new generation of intra-oral US transducers
correlates well with histopathological thickness in oral
cavity cancer (R=0.93). Between 2004 and 2007, we used
a non-dedicated small-parts transducer for measurement
and this yielded inferior results (R=0.05). This clearly
shows that it is necessary to use a dedicated small-parts
transducer to obtain reliable measurements.

In our study, MRI correlated less well with histopathol-
ogy than US (R=0.54). Worldwide, MRI measurements
are regularly performed in patients with oral cancer. In our
series, 13 of the 36 patients had lesions that could not be
measured by MRI because of superficial growth, and these
were treated with PDT. Therefore, histopathological
measurement could not be performed. We were able to
perform correlation in 26 cases; in those cases whereboth
MRI and histopathological measurements were available,
the correlation was only R=0.54.

In this study, the risk of metastasis in the neck with
tumour thickness of 6 mm or less was 12% (five out of
42), whereas when tumour thickness was 7 mm or more
this risk was 57% (eight out of 14). For tongue carcinoma,
the risk of metastasis in the neck with tumour thickness of
6 mm or less was 11% (three out of 27), whereas when
tumour thickness was 7 mm or more this risk was 44%

(four out of nine). For floor of mouth carcinoma, the risk
of metastasis in the neck with tumour thickness of 6 mm
or less was 0% (none out of ten), whereas when tumour
thickness was 7 mm or more this risk was 80% (four out
of five). From these data we conclude that within the
overall group 7-mm tumour thickness is the cut-off value
that optimally stratifies patients at a low versus high risk
of development of neck node metastases (p=0.001).
However, as shown in Table 2, it is a matter of
compromise between the sensitivity and specificity of a
given cut-off value to make a choice for the optimal value.
With a cut-off point of 7 mm, the sensitivity in our study
was 88% and the specificity 57% (Table 2). By dividing
the group by site, the optimal cut-off value would be
7 mm for both groups, although this was determined
within small groups (n=36 vs n=15).

Comparisons with other studies

Our findings, using the dedicated intra-oral/intra-operative
probe confirm those published by Iro and Nitsche [12].
Rasgon et al. [3] showed that the percentage of cervical
lymph node metastases in lesions less than 5-mm thick
was significantly lower compared with those with lesions
with a thickness more than 5 mm. Also, Shintani et al.
[10], who studied 24 patients, found a strong correlation
between tumour thickness measured with US and histol-
ogy (Pearson’s product R=0.98). They found that tumours
thicker than 20 mm showed discordant results, possibly
caused by tissue constriction during fixation with for-
malin. Lesions smaller than 10 mm showed a significantly
better correlation.

Shintani et al. [10] also compared the accuracy of US and
MRI in assessing tumour thickness. They found that US and
MRI correlated well with histopathology. However, MRI
could not identify most of the tumours less than 5.0-mm

Table 2 Sensitivity, specificity and significance level versus cut-off points for tumour thickness

Cut-off point Sensitivity Specificity p value

Total group (n=56)
≥3 mm/<3 mm 90% 26% 0.275
≥4 mm /<4 mm 95% 33% 0.016
≥5 mm/<5 mm 88% 39% 0.019
≥6 mm/<6 mm 90% 53% 0.001
≥7 mm/<7 mm 88% 57% 0.001
≥8 mm/<8 mm 87% 64% <0.001
Tongue carcinomas (n=36)
≥3 mm/<3 mm 100% 21% 0.374
≥4 mm /<4 mm 100% 26% 0.089
≥5 mm/<5 mm 89% 29% 0.153
≥6 mm/<6 mm 92% 42% 0.017
≥7 mm/<7 mm 89% 44% 0.029
≥8 mm/<8 mm 86% 43% 0.081
Floor of mouth carcinomas (n=15)
≥3 mm/<3 mm 100% 40% 0.099
≥4 mm /<4 mm 100% 50% 0.029
≥5 mm/<5 mm 100% 67% 0.004
≥6 mm/<6 mm 100% 80% 0.001
≥7 mm/<7 mm 100% 80% 0.001
≥8 mm/<8 mm 100% 100% <0.001
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thick. Preda et al. [11] showed a significant direct correlation
between the measured histological and measured MRI
tumour thickness (correlation coefficient=0.80, p<0.0001).

In the literature, discussion remains as to which cut-off
point is optimal [1–4, 10–30], and in the more recent
literature, cut-off points range between 3 and 8 mm [2, 13].

In a large clinical review by Pentenero et al. [4], tumour
thickness was shown to be an important parameter for
predicting nodal metastases and for survival. They showed
that in the literature the cut-off thickness predicting neck
metastasis and survival varied from 1.5 mm to 10 mm. Thus,
it remains difficult to choose a reliable cut-off point for
elective neck treatment and/or adjuvant radiotherapy.

The indication for elective neck treatment is mainly based
on the expected risk of occult metastases.With respect to this
risk assessment, Spiro et al. [1] retrospectively analysed
tumour thickness in 92 patients treated with surgery for
tongue and floor of mouth carcinomas. They concluded that
for clinically N0 oral cancer, elective neck dissection was
indicated in patients with depth invasion of more than 2 mm
because in these tumours the risk of metastases reached
40%. Fukano et al. [13], on the other hand, showed that
tongue tumours exceeding 5 mm carried a risk of 65% for
neck metastases, whereas those infiltrating 5 mm or less had
a risk of only 6% (significant difference, p=0.0003).

A meta-analysis by Huang et al. [2] showed an
association between tumour thickness and cervical lymph-
node involvement and they stated that the optimal cut-off
point for tumour thickness is 4 mm. For oral cavity tumours
thicker than 4 mm, prophylactic neck management should
generally be recommended according to this study.

At present, little is known about the correlation between
tumour thickness and local recurrences of oral cavity
carcinomas. In our study, there was no significant difference
in local recurrences using the cut-off point for tumour
thickness of more or less than 7 mm. Yuen et al. [6] showed
in 2002 that tumour thickness is prognostic for both nodal
and local recurrence in oral carcinomas. With a tumour
thickness less than 3 mm, 0% had local recurrences and 8%
had nodal metastases; tumour thickness of more than 3 mm
and up to 9 mm had 44% subclinical nodal metastasis and
7% local recurrence; tumour thickness of more than 9 mm
had 53% subclinical nodal metastasis and 24% local
recurrence. In our series, not enough patients with tumour
thickness of 10 mm or more were included to compare these
results. Extracting the results from Spiro et al. [1], local
recurrence occurred in 5% of the group of tumours with
thickness <2mm (2/40), 9% (3/35) within the group 3–8mm
thick and 25% (4/17) for the group with thickness >9 mm.
Local recurrence occurred significantly more in the group
with tumour thickness of more than 8 mm, at p=0.035. Yet
more factors like perineural invasion, radical operation,
postoperative treatment and N-staging should also be
considered in relation to local recurrence [6].

Clinical applicability of the study

From this and other studies, it is clear that state-of-the-art
US has a high correlation with histopathological thickness
[10, 12]. US thus seems to be the optimal technique in
patients with no limited mouth opening or base of tongue
involvement. US measurement is more reliable than MRI
for the measurement of tumour thickness, especially in
superficial lesions.
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with no neck metastasis within the 2-year follow-up period; blue
represents the patients with positive neck nodes during the follow-up
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floor of mouth carcinoma (n=15)
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All currently available literature shows depth of
invasion or tumour thickness measurements of the primary
tumour, most often only in small groups. The identifica-
tion of a cut-off with adequate utility for clinical decision-
making requires large studies and independent validation.

Conclusion

Tumour thickness is an important predictive marker for
lymph node metastases. As such, it can help in decision-

making with regard to management of the primary tumour
and neck. Based upon our findings, a wait-and-see policy is
only warranted in superficial lesions with tumour thickness
less than 7 mm, but only if regular follow-up using US-
guided aspiration of the neck is ensured [31, 32].

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which
permits any noncommercial use, distribution, and reproduction in
any medium, provided the original author(s) and source are
credited.
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