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Background/Aims: The purpose of this study was to compare the diagnostic va-
lidity of two-dimensional (2D) and three-dimensional (3D) ultrasonography (US)
when predicting the extrathyroidal extension of papillary thyroid cancer.
Methods: All 2D data were interpreted in real time and 3D data were stored, ren-
dered using tomographic ultrasound imaging (TUI), and then reviewed retro-
spectively.

Results: Extrathyroidal extension was present in 1y papillary thyroid cancers
(24.3%) on pathology reports. The presence of contact was significantly associated
with extrathyroidal extension on both 2D and 3D US (p = 0.007 and p = 0.003), and
the sensitivity and specificity were not significantly different between 2D and 3D
US (p = 1.000 and p = 0.754). The coexistence of protrusion and contact was not
significantly associated with extrathyroidal extension on either 2D or 3D sono-
gram.

Conclusions: Three-dimensional images rendered with TUT algorithms alone do
not seem to be markedly superior to real-time 2D US in predicting the extrathy-
roidal extension of papillary thyroid cancer.

Keywords: Thyroid neoplasm; Tumor staging; Extrathyroidal extension;
Three-dimensional ultrasonography; Tomographic ultrasound imaging

INTRODUCTION

lobectomy to a total or near-total thyroidectomy in the
case of a unifocal papillary thyroid carcinoma that is 1

M

Recently, there has been a marked increase in the inci-
dence of small-sized thyroid cancer [1-3], and an accurate
determination of the necessary extent of surgery has be-
come a matter of concern. The presence of extrathyroi-
dal extension changes the scope of surgery from thyroid
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cm or smaller in size and clinically node-negative in a
low-risk patient [4,5]. Additionally, papillary thyroid car-
cinomas, and most follicular cancers sized 4 cm or less
that do not have evidence of cervical nodal metastases,
may not require prophylactic central neck dissection in
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the absence of extrathyroidal extension [4,5)-

Neck ultrasonography (US) has emerged as an essen-
tial preoperative staging modality for patients with a
malignant thyroid nodule [4]. Several previous studies
have evaluated the preoperative characteristics of US
that may be predictive of the extrathyroidal extension
of papillary thyroid cancer. These studies suggested the
use of different criteria including the presence of con-
tact itself [6] or various degrees of contact between the
papillary thyroid cancer and the adjacent capsule [7,8].
A previous study conducted by our group revealed that
contact with the capsule is predictive of extrathyroidal
extension of papillary thyroid cancer and that contact in
combination with protrusion into adjacent tissues is a
stronger independent predictive factor [9].

Because conventional two-dimensional (2D) US has
limitations regarding assessment in the coronal plane,
some authors have proposed that evaluation with
three-dimensional (3D) US is necessary [8,9]. During
preoperative staging of endometrial cancer, cervical
cancer, prostate cancer, and bladder cancer, 3D US has
been shown to be a useful tool for the detection of the
invasion or extension of cancers into adjacent tissues
[10-14]. However, to the best of our knowledge, only one
recent study has evaluated the diagnostic performance
of 3D US in the assessment of extrathyroidal extension
of thyroid cancer [15].

This study aimed to compare the diagnostic accuracy
of real-time 2D US data with that of static 3D US data for
the prediction of the extrathyroidal extension of papil-
lary thyroid cancer into the adjacent capsule according
to presence of contact and protrusion in an attempt to
determine the usefulness of 3D US data rendered using
tomographic ultrasound imaging (TUI).

METHODS

Patients

This study included 78 patients who underwent surgery
for papillary thyroid cancer following diagnosis by fine
needle aspiration between May 2011 and December 2011.
In addition to undergoing routine 2D US preoperative
staging, each patient was further evaluated using 3D
US on the day prior to surgery. Following surgery, two
patients were excluded because their final pathological
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results were not malignant (one patient had nodular hy-
perplasia with nuclear atypia, and the other had an ad-
enomatous goiter with atypical follicular epithelial cells
exhibiting oncocytic change), and five patients were ex-
cluded due to difficulty correctly matching their preop-
erative 3D US images with the nodule that was patholog-
ically confirmed as thyroid cancer. Of the remaining 81
papillary thyroid carcinomas present in the remaining
71 patients, six carcinomas measuring more than 2 cm
in pathological tumor size and five thyroid carcinomas
with macrocalcification were also excluded due to dif-
ficulty in determining the presence of contact and/or
protrusion. Thus, a total of 61 patients with 7o papillary
thyroid cancers 2 cm or smaller in size constituted the
final study population.

All patients underwent a total thyroidectomy with
central compartment neck dissection; this is the sur-
gical procedure of choice in our hospital. Additionally,
selective lateral neck dissection was performed in five
patients. The present study was approved by the In-
stitutional Review Board of Pusan National University
Hospital, and informed consent was obtained from all
subjects.

Preoperative ultrasound examinations and image
assessment

Both 2D and 3D images were obtained using one scan-
ner (LOGIQ Eg, GE Healthcare, Milwaukee, WI, USA)
operated by three endocrinologists (authors JHK, BGC,
and SSK) according to their duty schedule. The preop-
erative 2D US examination was performed using 3 to 11
MHz and 4 to 15 MHz linear transducers, and the 3D US
volume data was acquired using a 6 to 8 MHz real-time
four-dimensional linear transducer. The 3D volumes
were scanned using automatic capture for the fine nee-
dle aspiration-proven thyroid papillary cancers and any
additional suspicious malignant nodules.

The 2D US images were interpreted immediately fol-
lowing examination by the US operator for presence of
contact with the thyroid capsule and presence of pro-
trusion into adjacent structures. The 3D US data were
stored and later rendered using the TUI method with
a slice interval of 0.5 to 0.8 mm depending on the nod-
ule size (Fig. 1). Two additional endocrinologists who
had experience in thyroid US (authors YSY and SSK)
and who were blind to the 2D US results reviewed the
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Figure 1. Three-dimensional ultrasonograms of a repre-
sentative presence of both contact and protrusion (C1P1)
papillary thyroid carcinoma rendered using tomographic
ultrasound imaging. A series of slices (0.5 mm apart) in the
transverse plane (A), the longitudinal plane (B), and the
coronal plane (C). The lesion shows contact and protrusion
in the transverse (white arrows) and the longitudinal plane
(arrowhead). After surgery, pathologic finding was negative
for extrathyroidal extension.

TUI-rendered 3D US images to determine the contact
and protrusion of the nodules. Both the 2D and 3D data
reviewers were blind to the pathological results.
Presence of contact was defined as the absence of
grossly visible intervening normal thyroid tissue be-
tween the nodule and the adjacent thyroid capsule [8,9)].
If a nodule exhibited contact, it was further assessed to
determine whether it protruded into adjacent struc-
tures. The nodules were first categorized according to
the presence of contact: absence of contact (Co) (Fig. 2)
and presence of contact (C1). And then C1 nodules were
further categorized with regard to the presence of pro-
trusion: presence of contact without protrusion (C1Po)
(Fig. 3) and presence of protrusion in addition to contact

(C1P1) (Fig. 4).

Statistical analyses

The presence of extrathyroidal extension was deter-
mined using the histopathological reports on the sur-
gical specimens, and a two-sample ¢ test was performed
to assess the association between the extrathyroidal
extension and the size of the papillary thyroid carcino-
ma as measured by 2D US. Chi-square or Fisher exact

http://dx.doi.org/10.3904/kjim.2014.363

Figure 2. A representative absence of contact (Co) papillary
thyroid carcinoma. Traverse (A) and longitudinal (B) sono-
grams from two-dimensional ultrasonography demonstrate
the absence of contact by the papillary thyroid carcinoma.
Tomographic ultrasound imaging rendered images of
three-dimensional ultrasonography in the transverse (C),
longitudinal (D), and coronal (E) planes are corresponding
with the two-dimensional ultrasonographic findings. After
surgery, pathologic report was also negative for extrathyroi-
dal extension.

tests were used to assess the association between the US
characteristics and the histopathological extrathyroidal
extension. The sensitivity, specificity, positive predictive
value, and negative predictive value of the US findings
were calculated. Additionally, the odds ratio (OR) with
95% confidence intervals (CIs) and the area under the
curve (Az) for predicting extrathyroidal extension were
analyzed for each of the US characteristics. To compare
the sensitivity and specificity of 2D US with that of 3D
US, a McNemar test was applied [16]. Subgroup analyses
were performed following a diagnosis of micropapillary
thyroid carcinoma (1 cm or smaller in size). All statistical
analyses were conducted using SPSS version 18.0 (SPSS
Inc., Chicago, IL, USA), and a p value ofless than o.05 was
deemed to indicate statistical significance.
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Figure 3. A representative presence of contact without
protrusion (C1Po) papillary thyroid carcinoma. Trans-
verse (A) and longitudinal (B) sonograms from two-dimen-
sional ultrasonography demonstrating that the carcinoma
is in contact with the thyroid capsule but does not protrude
into adjacent structures (white arrowhead). Tomographic
ultrasound imaging rendered images of three-dimensional
ultrasonography in the transverse (C), longitudinal (D), and
coronal (E) planes show that the papillary carcinoma is in
contact with the capsule in the transverse and longitudi-
nal planes (black arrowheads) without definite protrusion.
In the coronal plane, the lesion is also considered in con-
tact (black arrow) with the adjacent capsule (white arrows).
Pathologic extrathyroidal extension was confirmed.

RESULTS

The demographic and clinicopathological characteris-
tics of the 61 patients included in this study are present-
ed (Table 1). The mean age was 48.7 + 13.1 years (range, 17
to 75). Of these, 19 patients (31.1%) were younger than 45
years of age, 20 (32.8%) had two or more papillary thy-
roid carcinomas, and 25 (41%) had lymph node metas-
tasis; none of the patients had distant metastasis at the
time of diagnosis of thyroid cancer. The mean interval
between preoperative 2D and 3D US was 6.7 days (range,
o to 83). The preoperative 2D US characteristics of the
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Figure 4. A representative presence of both contact and
protrusion (CiP1) papillary thyroid carcinoma. The car-
cinoma is in contact with the thyroid capsule and protrudes
into adjacent structures in the transverse (A) and longitudi-
nal (B) planes on sonograms from two-dimensional ultra-
sonography (white arrowheads). Tomographic ultrasound
imaging rendered images from three-dimensional ultraso-
nography also demonstrate that the carcinoma is in contact
with and protrudes in the transverse (C) and longitudinal
(D) planes (black arrowheads). In the coronal (E) plane, the
lesion is in contact with the capsule (white arrows), but pro-
trusion is not definite (black arrow). Final pathologic find-
ing was negative for extrathyroidal extension.

papillary thyroid cancers are presented in Table 2. The
most commonly observed preoperative characteristics
of the cancers on 2D US were solid (81.4%), markedly
hypoechoic (45.7%), hypoechoic (42.9%), irregular shape
(60.0%), ill-defined margin (87.1%), and microcalcifi-
cation with or without macrocalcification (55.7%). The
most common location was the middle third (48.6%) of
the thyroid, and, as measured by 2D US, the mean size
for all cancers regardless of extrathyroidal extension
was 0.90 * 0.36 cm. The mean size of cancers with extra-
thyroidal extension was 0.94 + 0.20 cm, which was not
significantly different from the size of cancers without
extrathyroidal extension (0.89 + 0.40 cm), based on the
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Table 1. Patient demographic and clinicopathological char-
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Table 2. Two-dimensional ultrasonographic characteristics

acteristics of papillary thyroid carcinomas
Variable Patient (n = 61) Variable Nodule (n = 70)
Age, yr 487 £13.1 (17-75) Size, cm 0.90 £ 036
<45 19 (31.1) Location
= 45 42(68.9) Upper third 11 (15.7)
Sex Middle third 34(48.6)
Male 5(8.2) Lower third 15 (21.4)
Female 56 (91.8) Isthmus 10 (14.3)
Multifocality on histopathology Degree of cystic change
1 Thyroid carcinoma 41(67.2 Solid 57(81.4)
2 Thyroid carcinomas 14(23.0 Predominantly solid 11 (15.7)
=3 Thyroid carcinomas 6(9.8) Predominantly cystic 2(2.9)
LN metastasis Echogenicity
Absent 36 (59.0) Markedly hypoechoic 32 (45.7)
Central LN 22(36.1) Hypoechoic 30 (42.9)
Central & lateral LN 3(4.9) Isoechoic 8 (11.4)
Distant metastasis at diagnosis o Shape
Values are presented as mean + SD (range) or number (%). Ovoid to round 19 (27.1)
LN, lymph node. Irregular 42 (60.0)
Taller than wide 9 (12.9)
t test (p = 0.483). Margin
According to the histopathological reports, 55 cancers Well defined 9(12.9)
(78.6%) were micropapillary thyroid carcinoma, and ex- 11 defined 61(87.1)
trathyroidal extension was present in 17 (24.3%) of the 70 Calcification
carcinomas. Of these 17 cases, 15 (88.2%) exhibited min- Absent 22 (31.4)
imal extrathyroidal extension, and the other two had Macrocalcification 9 (12.9)
invaded the recurrent laryngeal nerve; 12 of the 17 cases Microcalcification 39 (55.7)
(70.6%) were microcarcinomas. Vascularity
In terms of contact, 3D and 2D C1 cases were signifi- Absent 54 (77.1)
cantly associated with extrathyroidal extension (p = 0.003 Present 16 (22.9)

and p = 0.007, respectively) (Table 3). However, in the fur-
ther analysis with regard to protrusion, 2D C1P1 cases
in the 2D Ci1 subgroup as well as 3D Ci1P1 cases in the
3D C1 subgroup showed no significant association (p =
0313 and p = 0.795, respectively) (Table 4). Evaluation of
protrusion using 3D US in the 2D Cz1 subgroup also did
not show significant difference in the prediction of ex-
trathyroidal extension (p = o.772). For 3D Cu cases, the
sensitivity and specificity for predicting extrathyroidal
extension were 94.1% and 45.3%, respectively, and for 2D
C1 cases, the sensitivity and specificity were 94.1% and
41.5%, respectively (Table 5). There were no significant
differences in sensitivity and specificity between the 2D
C1 and 3D Cx1 cases (p = 1.000 and p = 0.754, respectively).

http://dx.doi.org/10.3904/kjim.2014.363

Values are presented as mean + SD or number (%).

In terms of contact, there was a discrepancy between
the 3D and 2D US findings for 10 of the yo papillary thy-
roid carcinomas: four cancers showed presence of con-
tact on 3D US (3D C1) but not on 2D US (2D Co), and six
cancers showed presence of contact on 2D US (2D Cz)
but not on 3D US (3D Co) (Table 6). The additional 3D
US assessments employed in conjunction with the stan-
dard 2D US examination for presence of contact did not
significantly differ for the prediction of extrathyroidal
extension in 2D Co and 2D Cu cases (p = 1.000 and p =
0.060, respectively).
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Subgroup analyses of micropapillary thyroid carci-
nomas

The present study identified 55 micropapillary thyroid
carcinomas (78.6%) among the patients, and extrathyroi-
dal extension was present in 12 cases (21.8%). Similar to

Table 3. Associations between ultrasonographic presence

of contact and extrathyroidal extension of papillary thyroid

carcinomas
Extrathyroidal
Characteristic extension p value
+o=17) -(n=53)
3D C1 (n = 45) 16 29 0.003%
Co (n=25) 1 24
2D C1(n =47) 16 31 0.007*
Co (n =23) 1 22

3D, three-dimentional; C1, presence of contact; Co, absence
of contact; 2D, two-dimentional.
Chi-square test.

Table 4. Associations between coexistence of protrusion
with contact and extrathyroidal extension of papillary thy-

roid carcinomas

Extrathyroidal
Characteristic extension pvalue
+ -
3D C1 group (n = 45) 16 29
C1P1(n=32) 1 21 0.795%
C1Po (n =13) 5 8
2D C1 group (n = 47) 16 31
C1P1 (n=31) 9 22 0.313*
C1Po (n =16) 7 9

3D, three-dimentional; C1, presence of contact; C1P1, pres-
ence of both contact and protrusion; C1Po, presence of con-
tact without protrusion; 2D, two-dimentional.

*Chi-square test.

The Korean Journal of Internal Medicine Vol. 31, No. 2, March 2016

the findings from the total study population, 3D and 2D
C1 cases of micropapillary carcinoma were significantly
associated with the extrathyroidal extension (p = 0.008
and p = 0.008, respectively; data not shown), whereas fur-
ther analysis of 3D C1P1 cases in the 3D Ci subgroup
and 2D Ci1P1 cases in the 2D C1 subgroup was not (p =
1.000 and p = 1.000, respectively; data not shown). The
diagnostic characteristics of 3D C1 and 2D C1 were the
same in this subgroup (the sensitivity was 91.7%, and the
specificity was 51.2% for both the 3D and 2D US; data not
shown), even though there were discrepancies between
the 2D and 3D US assessments in the interpretation of
eight micropapillary thyroid carcinomas with respect
to contact. The additional 3D US assessments following
the standard 2D US examination for contact were not
significant for either 2D Co or 2D C1 cases (p = 1.000 and
p = 0.272; data not shown).

Table 6. Diagnostic value of additional 3D ultrasonogra-
phy following routine 2D ultrasonography using contact

to predict the extrathyroidal extension of papillary thyroid

carcinomas
Extrathyroidal
.. All nodules g
Characteristic extension pvalue
(n=70) _ _
+(m=17) —(n=53)
2D 3D
Co Co 19 1 18 1.000*
C1 4 o 4
C1 Co 6 o 6 0.060°
C1 41 16 25

3D, three-dimentional; 2D, two-dimentional; Co, absence
of contact; C1, presence of contact.

*Fisher exact test.

PChi-square test.

Table 5. Diagnostic performance of ultrasonographic presence of contact for predicting extrathyroidal extension of papillary

thyroid carcinomas

Characteristic Sensitivity, %  Specificity, % NPV,% PPV, % OR (95% CI) Az (95% CI)
3D C1 94.1 453 96.0 35.6 13.241 (1.635-107.209) 0.697 (0.569-0.825)
2D C1 94.1 415 95.7 34.0 11355 (1.400—92.066) 0.678 (0.547—0.800)

NPV, negative predictive value; PPV, positive predictive value; OR, odds ratio; CI, confidence interval; Az, area under the curve;
3D, three-dimentional; C1, presence of contact; 2D, two-dimentional.
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DISCUSSION

The preoperative staging of thyroid cancer is important
in order in determining the extent of surgery required
[4,5], especially in the case of small-sized thyroid cancer.
US is an essential tool during the preoperative staging of
thyroid cancer to assess size, multifocality, and cervical
lymph node metastasis [4,5] as well as to predict extra-
thyroidal extension [6-9,17,18].

A number of previous studies have investigated pre-
operative 2D US characteristics that may be predictive
of extrathyroidal extension of papillary thyroid cancer,
and various sonographic criteria have been suggested.
Kwak et al. [8] proposed contact with the capsule by >
25% of the nodule perimeter could be a useful criteria
for papillary microcarcinoma with sensitivity of 65.2%,
specificity of 81.8%, and the accuracy (Az) of 0.735. Park
et al. [7] used a criteria of > 50% of the capsular abut-
ting diameter relative to the whole tumor diameter, and
reported sensitivity of 85.3%, specificity of 70.0%, and
accuracy of 74.5%. A previous study by our group evalu-
ated 354 patients with papillary thyroid carcinomas 2 cm
or smaller in size according to the presence of contact
and the presence of protrusion into adjacent structures
[9]- A multivariate analysis revealed that the presence of
contact is predictive of extrathyroidal extension and that
its coexistence with protrusion has an even greater pre-
dictive value. A recent study applied a more extensive
criteria including either the presence of contact or the
presence of protrusion, and the sensitivity, specificity,
and diagnostic accuracy were 83.3%, 68.9%, and 75.9%,
respectively [18].

However, those studies employed conventional 2D
US, which has a reported false-negative rate of 14.7%
to 52.0% [7-9,18]. Some researchers have suggested that
3D US may provide more information regarding the
relationship between thyroid cancers and the adjacent
capsule in the coronal plane, and it may therefore have
greater predictive value regarding extrathyroidal exten-
sion than 2D US can provide. In fact, 3D US assessment
has been reported to be useful for predicting the inva-
sion or extension of endometrial cancer [10], cervical
cancer [11], prostate cancer [12], and bladder cancer [13,14]
during the preoperative staging.

In assessments using 3D US, the volume data are
scanned, stored, and later processed according to an
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imaging-rendering algorithm such as the multiplanar
reformation mode which renders the initial 2D imag-
es in the longitudinal, transverse, and coronal planes
simultaneously [19]. Various other imaging-rendering
algorithms can be combined to acquire an optimized
image [20]. TUI is a novel 3D post-processing technique
that presents the volume data as a set of contiguous se-
quential slices in the transverse, longitudinal, and coro-
nal planes in a manner similar to that of magnetic reso-
nance or computed tomography images [20]. In a study
of deep endometriosis, the TUI rendering technique
was considered useful for determining the extension
and depth of infiltration in the coronal plane as well as
evaluating the relationship of the tumor with adjacent
structures [21].

To our knowledge, only one recent study reported the
diagnostic performance of 3D US in the preoperative
prediction of extrathyroidal extension of papillary thy-
roid cancer [15]. The sonographic criteria of extrathyroi-
dal extension was either > 25% perimeter of the tumor
contact with the capsule or the presence of protrusion. In
the comparison with diagnostic accuracy of 2D US, that
of 3D US alone was not significantly different whereas
that of the combined set of 2D and 3D images was sig-
nificantly higher. Sensitivity, specificity, and accuracy of
combined set were 87.8%, 29.6%, and 67.9%, respective-
ly, and those of 2D US were 78.2%, 27.2%, and 60.8%,
respectively. Since the study included papillary thyroid
carcinomas that were suspected to be in contact with the
capsule on 2D US, the prevalence of pathologic extrathy-
roidal extension was as high as 65.8%, which might have
affected diagnostic performance. Furthermore, retro-
spective review of static 2D images could have limitation
in determining the degree of contact and might partly
disagree with the dynamic examination.

The present study compared the diagnostic accuracy
of preoperative 2D and 3D US assessments of papillary
thyroid cancers 2 cm or smaller in size for the prediction
of extrathyroidal extension. The TUI rendering method
was applied to the 3D volume data, and the sonographic
criteria for extrathyroidal extension included the pres-
ence of contact either with or without protrusion. The
3D US assessment did not significantly differ from the
2D US assessment in terms of predicting extrathyroidal
extension; the presence of contact with the thyroid cap-
sule was significantly associated with extrathyroidal ex-
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tension on both the 2D and 3D findings. Compared with
previous studies using 2D US, the present study had a
lower false-negative rate but a higher false-positive rate
for 2D C1 and 3D C1 cases. Discrepancies between 2D
and 3D US assessments concerning the interpretation of
contact were found for 10 of 7o papillary thyroid carci-
nomas, but the additional information provided by the
3D US data did not lead to a significant difference. Al-
though there was no statistical significance, none of the
3D Co cases in the 2D Ci1 subgroup had extrathyroidal
extension so that additional 3D US examination could
have the possibility to be helpful to exclude extrathyroi-
dal extension.

Even though we expected that 3D US assessment would
help to acquire more sensitive results compared with 2D
US examination by providing additional information in
the coronal plane, 3D C1 showed a tendency to be more
specific rather than sensitive in predicting extrathyroi-
dal extension compared with 2D Ci. One possible rea-
son is that images in the coronal plane of 3D US have
relatively poor resolution, and are not as familiar to the
examiner as with 2D images. The coronal plane of 3D US
is a virtual reconstruction completed by the computer.
Consequently, images in the coronal plane have relative-
ly poor resolution, which sometimes obscure and com-
plicate evaluation in the coronal plane [19,22]. Another
possible reason is that the 2D US data were assessed in
real time and interpreted immediately, whereas the 3D
data were stored before being rendered and then ret-
rospectively assessed. This difference in the timing of
assessment reflects real conditions in the clinical field.
Compared with retrospective analysis of stored 2D data,
real time assessment could be more variable according
to the observers and cannot be re-evaluated afterwards.
On the other hand, US examiners can make decision on
the basis of dynamic assessment of spatial relationship
so that real time interpretation could be more preferred
especially when the degree of contact should be deter-
mined as in some cases of the previous studies using
2D US.

Unlike our previous study, the concomitant presence
of protrusion in addition to contact was not significant-
ly associated with extrathyroidal extension in either the
2D or the 3D US data. Further analysis of the presence
of protrusion on 3D US in the 2D Ci1 subgroup did not
show significant association as well. Much lower preva-
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lence of extrathyroidal extension and different examin-
ers from the previous study might be the cause of dis-
similarity.

The present study has several limitations. First, the
prevalence of extrathyroidal extension was relatively low
considering that the rate of extrathyroidal extension ob-
served in previous studies was 36.2% to 55.1% [6-9,17,18].
Although the present study included papillary thyroid
carcinomas larger than 1 cm, extrathyroidal extension
was reported in only 17 of 7o papillary thyroid carcino-
mas (24.3%), and just two of these grossly invaded the re-
current laryngeal nerve. This may reflect a recent trend
toward the increased detection of early-stage thyroid
cancer. Second, our study subjects had higher propor-
tion of female. The male to female ratio in the incidence
of thyroid cancer has been reported about 1:3.5 to 15
[3,23,24]- Men are probably related to more advanced dis-
ease at presentation: larger primary tumor size, higher
rates of extrathyroidal extension, regional lymph node
metastasis, and distant metastasis in all age groups [24].
In our study, only five male patients with six thyroid
carcinomas were included and the male to female ratio
was as small as 1:11.2. None of these male patients had
extrathyroidal extension, which might be a contributing
factor to a lower prevalence of extrathyroidal extension
in our study group. Third, contact was categorized in
terms of presence or absence. In a previous study using
conventional 2D US, the criteria for contact alone had
higher sensitivity but lower specificity and diagnostic
accuracy for predicting extrathyroidal extension com-
pared with criteria that required more than 25% contact
[8]. Categorization based on the degree of contact should
be further evaluated in the future study using 3D US.
Fourth, the present study used only the TUI method to
analyze the relationship between the thyroid cancer and
the adjacent capsule. For better visualization of the im-
ages in the coronal plane, the concomitant use of other
post-processing algorithms may be needed. A thin-slice
smooth-surface rendering algorithm was found to pro-
vide a more detailed visualization of thyroid nodules
such that twice the number of thyroid nodules in the
coronal plane could be analyzed using this technique
compared with the multiplanar reformation mode
[20,22]. The volume contrast imaging method also has
been reported to enhance the tissue demarcation of en-
dometrial cancer [10] and could be a useful method for
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the assessment of thyroid cancer as well [20]. Fifth, we
did not evaluate the interobserver or intraobserver vari-
ability in interpreting the presence of contact and pro-
trusion on 2D and 3D US. To our knowledge, two stud-
ies have evaluated interobserver agreement of US for the
assessment of extrathyroidal extension of thyroid can-
cer, and fair to moderate agreement with 2D US [25,15]
and moderate agreement with 3D US [15] were reported.
Relatively inferior interobserver agreement may be part-
ly because the criteria for assessing extrathyroidal ex-
tension has not been clearly established in comparison
with other criteria such as that for defining metastatic
lymph node [25]. In addition, since our study assessed
with 2D US in real time manner whereas with 3D US
in retrospective review, interpretations could have been
even more variable. Sixth, we included papillary thyroid
carcinomas 2 cm or smaller size so that the diagnostic
value of 3D US in comparison with 2D US for larger size
cancers could not be determined in the present study.

In conclusion, 3D US data rendered with the TUI al-
gorithm alone and then analyzed based on the presence
or absence of contact do not seem to have remarkable
advantage over evaluation with real-time 2D US for the
prediction of the extrathyroidal extension of papillary
thyroid carcinoma. However, in the cases with presence
of contact on 2D US, further assessment with 3D US
could be marginally helpful to exclude extrathyroidal
extension. A combination of other reconstruction algo-
rithms of 3D volume data and categorization based on
the degree of contact should be further evaluated in the
future.

KEY MESSAGE

1. Three-dimensional ultrasonography data ren-
dered with the tomographic ultrasound imag-
ing do not seem to have remarkable advantage
over evaluation with real-time two-dimensional
ultrasonography in predicting the extrathyroi-
dal extension of papillary thyroid cancer.

2. A combination of other reconstruction algo-
rithms of three-dimensional ultrasonography
data and categorization based on degree of con-
tact should be further evaluated in the future.
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