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Intraoral sonography–assisted resection of T1-2

tongue cancer for adequate deep resection
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OBJECTIVE: To investigate the clinical usefulness of intraoral
sonography–assisted resection for securing adequate deep resec-
tion margins in T1-2 tongue cancers.
STUDY DESIGN: Prospective clinical trial.
MATERIALS AND METHODS: Twenty consecutive patients
with clinical T1-2 tongue cancers were enrolled and their lesions
were removed by intraoral sonography–assisted resection. We then
retrospectively collected data from 20 T stage–matched patients
without intraoral sonography–assisted resection as the control
group. All resections were performed with a goal of 15 mm
margin. The mucosal and deep safety margins were compared
between the two groups.
RESULTS: Intraoral sonography could predict the paraffin-em-
bedded tumor thickness with an error of 3.16 � 2.24 mm. The
deep safety margins were more adequate for intraoral sonography–
assisted resection (9.8 � 5.2 mm) than for conventional resection
(4.0 � 2.03 mm) (P � 0.001), while the mucosal safety margins
were not different.
CONCLUSION: Intraoral sonography–assisted resection pro-
vides a more adequate deep resection margin for early T-stage
tongue cancers.
© 2008 American Academy of Otolaryngology–Head and Neck
Surgery Foundation. All rights reserved.

Metastasis to cervical lymph nodes is a crucial factor in
the prognosis of tongue cancer. A number of recent

studies have identified tumor thickness or the depth of
invasion as an important prognostic indicator, and espe-
cially as a predictor of regional lymph node metastasis.1-7

Intraoral sonography has been reported to be a useful tech-
nique for evaluating the extent of oral tumors and for measur-
ing the tumor thickness in the tongue.3,8-10 It is becoming one
of the most powerful diagnostic tools due to the progress of
sonographic technique with high-quality resolution and the
introduction of small-sized (20- to 30-mm) probes that are
applicable for intraoral use. Several studies have demonstrated
the strong correlation between the values of tumor thickness on
ultrasonic images and those from the histologic section.8,10-16

Sonographic examination has the advantage of being noninva-
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sive, rapid, and easily repeated; thus the number of possible
applications has increased.

The conventional method to remove primary tumors of
the tongue is to remove the tissues, including the tongue
within a 1.5-cm safety margin from the tumors, based on the
physical examinations, computed tomography (CT), or
magnetic resonance imaging (MRI) images. Mucosal resec-
tion can be performed safely under direct vision with the
adequate margin; however, this conventional resection
method often fails to secure an adequate deep resection
margin, resulting in a close margin (less than 0.5 cm) from
the tumors, or even in positive tumor cells in the resection
margin. In these cases, local treatment failures frequently occur
together with a dismal prognosis. The personal and the social
costs coping with local recurrence are rather steep.

In this study, we applied the intraoral sonography to
assist and guide the deep resection of tongue cancers to
prove the feasibility and its clinical usefulness. The subjects
of this study were patients with T1 or T2 tongue carcino-
mas, because large tumors and the surrounding tissues such
as the mandible or the base of tongue may hinder the exact
localization of the primary tumors by using intraoral sonog-
raphy. Our previous data showed that the main cause of
treatment failures for early T1 or T2 tongue cancers was
local recurrence (unpublished data). Therefore, the authors
think that our clinical trial to secure an adequate deep safety
margin by using intraoral sonography can increase the
chance of cure and improve the prognosis of patients with
early-stage tongue cancers.

MATERIALS AND METHODS

Subjects
This prospective study was conducted to assess the clinical
usefulness of intraoral sonography–assisted resection as a
new technique for securing an adequate deep safety margin
during surgical removal of T1 or T2 tongue cancers. Firstly,
k Surgery Foundation. All rights reserved.
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we tried this clinical application of sonography-assisted
resection in a randomized trial pattern. However, we found
the overt benefit in terms of adequacy of deep resection
margin, after reviewing pathologic results (12 and 9 mm) of
the first two subjects in the trial group, compared with those
of the conventional resection group (4.0 � 2.03 mm). For
this reason we underwent this trial with only a single treat-
ment arm, and then compared the results of the trial group
with the results of the historical control group. This study
was approved by the Institutional Review Board of Sam-
sung Medical Center (SMC IRB #2005-08-022). From Jan-
uary 2006 to December 2007, 20 consecutive patients who
met the inclusion criteria were enrolled in this study; one
had previously untreated and pathologically proven malig-
nant tumors (squamous cell carcinomas) of the tongue,
which were T1 or T2 lesions (by clinical examination, CT,
MRI, or PET/CT), and one did not have any other malignant
disease other than the tongue. Those patients with more than
T3 lesions were excluded, and one who had difficulty in
opening the mouth was also excluded from the study. We
then retrospectively collected data from the previous T
stage–matched (T1 or T2) patients who had undergone
surgical resection of their tongue lesions without the assis-
tance of intraoral sonography between January 2005 and
December 2005 as the control group (Table 1). In the
control group, a 15-mm safety margin (at mucosal and deep
margins) was the goal in all resections. There was one pT3
tumor in the clinical trial group and two in the control

Table 1

Characteristics of subjects

Sono-assisted rese
(N � 20

Age (y)
Mean � SD 57.0 � 11
Range 36-76

Sex
Male 10 (50%
Female 10 (50%

Initial T stage
cT1 12 (60%
cT2 8 (40%

Pathologic stage
pT1 12 (60%
pT2 7 (35%
pT3 1 (5%)
pN0 11 (55%
pN1 2 (10%
pN2 7 (35%

Pathologic tumor dimension
(mm, mean � SD)

Long diameter† 19.7 � 11
Short diameter‡ 14.3 � 7.8
Tumor thickness 9.6 � 4.7

*Student t test for numeric data; �2 test for non-numeric data
†Long diameter: the maximal diameter of the gross mucosal
‡Short diameter: the diameter perpendicular to the long axis.
group. Pathologic tumor dimension was slightly larger in
tumors of the control group; however, it did not differ
statistically between the two groups. Other variables includ-
ing sex, age, initial stage, and pathologic stage of the two
groups also showed a similar distribution.

At diagnosis there were 12 cN0, six cN1, and two cN2 in
the clinical trial group and 16 cN0, two cN1, and two cN2
in the control group, respectively. Pathologic nodal staging
is presented in Table 1. For neck management, elective
supraomohyoid neck dissection and sentinel lymph node
biopsy technique were employed for 12 patients in the
clinical trial group and 16 patients in control groups. Mod-
ified radical neck dissection was used in eight and four
patients with clinically positive nodes in each group.

Intraoral Sonography–Assisted Resection
Under general anesthesia in the operating room, the tongue
lesions of the patients were evaluated with intraoral sonog-
raphy. An intraoral transducer probe (UST-9120 convex
sector probe, ALOKA America, Wallingford, CT) that was
thinly coated with sterile gel and covered with a rubber
sheath was used. This probe was characterized by a pulsed
8- to 10-MHz ultrasonic beam and a 20-mm R linear array.
The ultrasonic images were acquired using an Aloka Radi-
ology Ultra Sound ECHO CAMERA II (model SSD-1400)
(ALOKA America). This system allows easy determination
of distances between two calipers, and the tumor thickness
was measured vertically from the surface to the maximal

group Conventional resection group
(N � 20) P*

52.1 � 14.6 0.25
24-82

0.75
12 (60%)
8 (40%)

1.00
12 (60%)
8 (40%)

11 (55%) 0.83
7 (35%)
2 (10%)

10 (50%) 0.67
4 (20%)
6 (30%)

24.2 � 14.6 0.28
16.9 � 9.46 0.35
11.8 � 7.59 0.28

on tongue surface.
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thickness of the tumor, within 0.1 mm. The operator applied
the probe directly on the surface of the tongue lesion,
avoiding excessive pressure.

In sonography images, the lesions were determined as a
hypoechoic mass, in contrast to the slightly echogenic nor-
mal tissue of the tongue.12,13,15,16 When the margins of
differentiation were irregular or not definite, we measured
the distance to the deepest point from the surface.

After that, a 25-gauge spinal needle was inserted to the
point 1.5 cm off the deep margin of the tumor (the deep
resection margin) under the guidance of sonography (Fig 1).
The surgical resection started from the mucosal resection
margin (1.5 cm off the tumors on the surface) to the tip of
the inserted spinal needle (Fig 2).

Analyses of the Results
The primary endpoint of this prospective trial was to con-
firm the adequacy of the deep resection safety margin in the
intraoral sonography–assisted resection group. The second
endpoint was to evaluate the predictability of pathologic
tumor depth by intraoral sonography. In this study, the
oncologic outcomes that resulted from this new trial were
not included, though we have monitored the outcomes of
subjects up to now. Thus, the data on follow-ups are just
briefly commented on in the Results section.

The pathologic specimens of the clinical trial group were
analyzed for the following variables: tumor thickness as pre-
dicted by conventional CT scans, tumor thickness as assessed
by intraoral sonography, and the tumor thickness in pathologic
paraffin-embedded specimen. The predictability of the patho-
logic tumor thickness with the sonography was evaluated using
a simple linear regression analysis between the pathologic
tumor thickness and the predicted thickness by sonography.

Figure 1 Study design for intraoral sonography–assisted resec-
tion. A 25-gauge spinal needle was inserted to the point 1.5 cm off
the deep margin of the tumor (the deep resection margin) under the

guidance of sonography (asterisk: 1.5-cm safety margin).
The shortest distance between the deep tumor margin
and the deep resection margin and the shortest distance
between the mucosal tumor margin and the mucosal resec-
tion margin were determined in the pathologic specimen of
the clinical trial group and the control group. Adequacy of
the resection was compared between the two groups by
statistical analysis (paired, 2-tailed Student t test).

RESULTS

Prediction of Pathologic Tumor Thickness
Intraoral sonography of the tongue lesions could predict the
pathologic tumor thickness within an error of 3.16 � 2.24
mm (mean � SD) in all cases (N � 20). CT scans were also
performed in all cases, preoperatively. However, conven-
tional CT imaging failed to estimate the tumor thickness
because of the dental artifact in nine of 20 cases (45%). In
11 patients in whom CT imaging gave information about the
primary tumors without artifact, CT could predict the patho-
logic tumor thickness with an error of 6.31 � 4.87 mm.

The correlation analysis between the pathologic tumor
thickness (Y) and the predicted thickness by sonography
(X) revealed that Y � 0.761 X, correlation coefficient (R) �
0.744, suggesting the acceptable correlation between them.

Adequacy of Safety Margin
As compared to the control group, the mucosal safety mar-
gins in pathologic specimens were not different for both
groups (P � 0.51). Meanwhile, the deep safety margins
were more adequate for intraoral sonography–assisted resec-
tion (9.8 � 5.2 mm) than for conventional resection (4.0 �
2.03 mm) (P � 0.001) (Table 2). More importantly, 11
surgical specimens of the control group (55%) revealed that
the deep safety margin was insufficient (less than 5 mm);
among them, one had positive malignant cells in resection
margins. In contrast, only one of the intraoral sonography–
assisted resection group showed a close deep safety margin
on the final surgical specimens, and there was no case of a
malignant cell–positive resection margin in this group.

Follow-Up Data
The follow-up periods from the end of treatment to the event
(recurrence) were 12.6 � 8.5 months in the clinical trial group
and 18.9 � 11.5 months in the historical control group. During
the follow-up, there were a total of nine treatment failures
(45%) in the control group: three local recurrences (15%), six
regional recurrences (30%), and four distant failures (20%)
(four: combined, one loco-regional, two regional-distant, and
one loco-distant failures). Salvage treatments were employed
in five patients, with success in four. In the clinical trial group,
there were a total of three treatment failures (15%): one loco-
regional recurrence (5%), one regional (5%), and one regional-
distant failure (5%) detected. One case suffering from loco-
regional recurrence had a 3-mm deep safety margin in spite of

sono-guided resection and had pathologic N2b disease. In the
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control group, three local recurrences were detected, which had
4-mm and 2-mm deep safety margin and positive for malig-
nant cells on deep resection margin. Compared to those re-
maining free of local recurrences (36 cases), there was a sig-
nificant difference in the extent of deep safety margin (2.25 �
1.71 mm vs 7.42 � 4.85 mm, P � 0.043).

DISCUSSION

The tumor thickness or depth of invasion in tongue cancers
should be assessed preoperatively. Palpation is a useful tool

Figure 2 Surgical resection of the early-stage tongue cancer u
were evaluated with intraoral sonography. (B) Then, fine spinal ne
The point of spinal needle on the mucosal surface was marked and b
(1.5 cm off the tumors on the surface) to the tip of the inserted spin
upon the size of the defect.

Table 2

Nearest surgical margins from the primary tumors (mm

Sono-assisted resection
(N � 20)

Mucosal safety margin 8.1 � 4.41
Deep safety margin 9.8 � 5.2

*Paired, 2-tailed Student t test.
for evaluation to easily delineate the gross margin and
thickness of tumors, but it has certain problems in terms of
objectivity and correctness. If the patient complains of pain
upon palpation of tongue lesions, then the palpation does
not provide any useful information on the extent or thick-
ness of tumors. Therefore, other noninvasive and accurate
methods to detect the lesions and to measure the tumor
thickness before starting the therapeutic procedures would
be useful. There are some methods for evaluating the extent
of oral tongue carcinomas, such as CT and MRI.

CT and MRI are useful to evaluate the extent of tumor in
the surrounding tissue such as the base of tongue, the man-

traoral sonography. (A) Firstly, the tongue lesions of the patients
as inserted to the point 1.5 cm off the deep margin of the tumor.
) The surgical resection started from the mucosal resection margin
le. (D) After the resection, the optimal reconstruction was planned

an � SD)

p Conventional resection group
(N � 20) P*

7.15 � 3.99 0.51
4.0 � 2.03 �0.001
sing in
edle w
ent. (C
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dible, and the pharyngeal walls, but it is difficult to differ-
entiate tissue within millimeters by using these methods.9,17

CT for the evaluation of primary tumors is limited by streak
artifacts from dental filling, x-ray beam hardening, and
movement artifacts.9,17 Therefore, the important slices may
not be interpretable. Obtaining coronal images is trouble-
some in patients suffering from tongue cancer, and the
sagittal sections can be obtained only by reconstruction and
they are of poor quality. Further, contrast material must
usually be administered. MRI also has some problems in its
use in the evaluation of tongue cancers, although it provides
superior information over CT images about soft tissue dif-
ferences. However, ferromagnetic dental fillings as well as
swallowing or other movements may cause problems.18

Based on the background described above, the present study
was undertaken in order to evaluate the clinical usefulness
of performing intraoral sonography to measure the tumor
thickness and the depth of invasion. Moreover, under the
guidance of intraoral sonography, the authors applied this
method for securing an adequate deep safety margin.

Similar to previous reports,8,9,12,15 our data confirmed
the usefulness of intraoral sonography to predict the patho-
logic tumor thickness of oral tongue cancer. However, the
previous biopsy before the evaluation via sonography
caused the deep margin of a tumor to be blurred on the
imaging scans, and the tumor margin was overestimated by
sonography for early tongue cancers. Also, it should be kept
in mind that the posterior extension of primary tumors
hinders the exact evaluation by sonography.

In this study, three surgeons (C.H.B., Y.I.S., H.S.J.) were
involved in the surgical resection of the tongue cancer
patients in both the control group and the clinical trial
groups. In all tongue cancer resections in both groups, a
15-mm safety margin (at mucosal and deep margins) was
the goal. Thus, we believe that the variation of surgical
extent among surgeons was negligible. In the clinical trial
group, the ultrasonography was performed by either a radi-
ologist who specializes in interpretation of head and neck
sections (first five patients) or a surgeon (H.S.J.) under the
supervision of the same radiologist (next 10 patients) or a
surgeon (H.S.J.) alone (last five patients). With the assis-
tance of the radiologist, we think that we could overcome or
minimize the possible error from the learning curve and
achieve the acceptable inter-rater reliability.

The correlation coefficient (R � 0.744) between the
pathologic tumor thickness and the thickness by sonography
was not as good as those of the previous reports (R � 0.985
and R � 0.976),15,16 which may be explained by some
factors. In this trial we only determined the hypoechoic
lesions in the sonography images; however, a small number
of tongue lesions can be hyperechoic.13 In addition, the
application of the probe on the tongue surface also may
cause the errors in the measurement of tumor thickness.
Because we aimed first to prove the clinical usefulness of
the intraoral sonography for securing the adequate deep

resection of tongue cancers, during the sonography we
needed some manipulations, such as the needle insertion
perpendicular to the mucosal surface, identification of the
needle tip, and repositioning of the needle during resection.
For this reason, we chose a direct-contact method for probe
application, instead of the method of filling the oral cavity
with saline. To be more clinically relevant and easily repro-
ducible, more consistent findings on sonography about the
echogenicity of tongue cancer (hypo-echogenicity) were set
for the margin of tongue cancers in this study, omitting the
infrequent findings (hyper- or iso-echogenicity). Neverthe-
less, the predictability of pathologic tumor thickness by
sonography was far superior to that of CT in this study.

The pathologic tumor thickness was 76.1% of the pre-
dicted thickness by sonography in our study. This result
meant the specimen shrinkage that would occur following
fixation, which corresponds to the previous studies, report-
ing 25% to 35% tumor shrinkage after fixation.19,20 This
was the same in the safety margins. Initially we aimed to
secure the deep safety margin of 15 mm; however we had
the safety margin of 9.8 � 5.2 mm in the deep portion. The
discrepancy may be caused partly by technical errors in the
resection, as well as by the specimen shrinkage.

Our new method used the 25-gauge spinal needle for
marking the deep resection margin, and this was useful for
surgeons to evaluate the resection depth through both direct
vision and sonography. This allows an exact deep resection,
as measured by intraoral sonography, to be possible. For
early (T1 or T2) stage tongue cancers, it was possible to
secure an adequate deep safety margin by using only one or
two spinal needles to cover the entire deep surface. As the
deep resection proceeds, the tip may become displaced by
retraction of the specimens. Yet this was overcome easily by
replacement of partially removed specimens and the in-
serted spinal needle in situ after the point of the spinal
needle on the mucosal surface was marked and bent.

There were also several limitations for this method. First,
this method gave reliable information about tumor thickness
and deep margins only in T1 or T2 tongue cancers that were
without a posterior extension to the base of tongue or
inferior extension to the floor of mouth, where the applica-
tion of sonography was often impossible due to the size of
the transducer probe or the shadowing from the mandible.
Therefore, we recommend that the intraoral sonography and
sono-guided resection should be applied for early-T-stage
tongue cancers.

Another weak point of this study was the number of
patients in the clinical trial group. However, the results of
the trial group showed definite benefits to secure a safe deep
resection margin. Although this study did not evaluate the
rate of local recurrence through long-term follow-up, the
authors believe that this new method could help to reduce
local failure, which will be confirmed in the future by our
follow-up data. This study will play a role in reducing local
recurrence by spurring future research because this method
was the first trial to secure a safe deep resection for treating

early-T-stage tongue cancers.
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There also may be a bias from the use of the historical
control group in comparison. Subjects included in a pro-
spective trial may undergo more aggressive resections, as a
result of both inclusion in the study and improvement in
technique based on experience with ultrasonography. How-
ever, our results strongly support that a surgeon’s aiming for
safety margin during resection could be fulfilled more with
the assistance of intraoral sonography than without.

In conclusion, intraoral sonography–assisted resection
provides a more adequate deep safety margin for T1 or T2
tongue cancers. It could serve as a promising tool to reduce
local failure of these lesions.
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