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Purpose: Although the taller-than-wide (TTW) sign has been regarded as one of the most specific 
ultrasound (US) features of thyroid malignancy, uncertainty still exists regarding the US probe’s 
orientation when evaluating it. This study investigated which US plane would be optimal to 
identify the TTW sign based on malignancy risk stratification using a registry-based imaging 
dataset.
Methods: A previous study by 17 academic radiologists retrospectively analyzed the US images 
of 5,601 thyroid nodules (≥1 cm, 1,089 malignant and 4,512 benign) collected in the web-
based registry of Thyroid Imaging Network of Korea through the collaboration of 26 centers. 
The present study assessed the diagnostic performance of the TTW sign itself and fine needle 
aspiration (FNA) indications via a comparison of four international guidelines, depending on 
the orientation of the US probe (criterion 1, transverse plane; criterion 2, either transverse or 
longitudinal plane).
Results: Overall, the TTW sign was more frequent in malignant than in benign thyroid nodules 
(25.3% vs. 4.6%). However, the statistical differences between criteria 1 and 2 were negligible 
for sensitivity, specificity, and area under the curve (AUC) based on the size effect (all P<0.05, 
Cohen’s d=0.19, 0.10, and 0.07, respectively). Moreover, the sensitivity, specificity, and AUC of 
the four FNA guidelines were similar between criteria 1 and 2 (all P>0.05, respectively).
Conclusion: A longitudinal US probe orientation provided little additional diagnostic value over 
the transverse orientation in detecting the TTW sign of thyroid nodules. 

Keywords: Thyroid nodule; Ultrasonography; Needle biopsy; Differential diagnosis
Key points: From Korean registry-based imaging data, the diagnostic performance of the 
taller-than-wide (TTW) sign for predicting thyroid malignancy was not different depending on 
whether it was determined only on the transverse plane or additionally on the longitudinal 
plane. Moreover, the sensitivity, specificity, and area under the curve of the receiver operating 
characteristic curves were nearly the same among four different international fine needle 
aspiration criteria. These results might support the use of the transverse plane to sonographically 
determine the TTW sign of thyroid nodules.  
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Introduction

Ultrasonography (US) has been used as a first-line diagnostic tool to 
assess the malignancy risk of thyroid nodules [1-3]. Similar to other 
malignant US features, the taller-than-wide (TTW) sign, which occurs 
when the anteroposterior diameter of a thyroid nodule is greater 
than its transverse diameter (sometimes referred to as a non-parallel 
orientation) has been previously validated [4-11]. It has been used 
as one of the most specific US features indicating a high risk of 
thyroid malignancy in the current risk stratification systems (RSSs) 
[2,3,12-16]. 

However, a substantial debate has continued regarding the 
orientation of the US probe to determine the presence or absence 
of the TTW sign owing to its relatively low sensitivity (range, 14.6% 
to 68.0%) despite its high specificity (range, 82.1% to 100.0%) [4-
8,11]. For example, the TTW sign is defined on the transverse plane 
in the American Association of Clinical Endocrinologists (AACE)/
American College of Endocrinology (ACE)/Associazione Medici 
Endocrinologi (AME) system, the American Thyroid Association 
(ATA) system, and the American College of Radiology (ACR) Thyroid 
Imaging Reporting and Data System (TIRADS) [2,12,13]. Conversely, 
the TTW sign is defined on either the transverse or longitudinal 
plane by the Korean-TIRADS, European-TIRADS, and Chinese-
TIRADS [3,14,15]. However, the British Thyroid Association system 
(BTA) does not clearly mention the plane [16]. 

In the 2021 modified Korean-TIRADS, the committee of the 
Korean Society of Thyroid Radiology selected the transverse plane 
as the only reference plane to define nodule orientation instead of 
the transverse or the longitudinal plane [17]. Recently, Kim et al. 
[6] reported that additional longitudinal US probe orientation did 
not significantly improve the diagnostic performance for the TTW 
sign compared to the conventional examination with the transverse 
plane to determine thyroid malignancy using five international 
RSSs; however, that study was primarily limited to the experience of 
two radiologists in a single institution. Until now, the effect of the 
reference US image plane has not been validated on the diagnostic 
performance of RSSs in a large, multicenter study. Therefore, this 
study analyzed data from a previous multicenter study in which 17 
academic radiologists validated the diagnostic performance of the 
modified Korean-TIRADS using a registry-based imaging dataset 
[18,19]. 

Materials and Methods

Compliance with Ethical Standards
The institutional review boards of the 26 participating centers 
approved this study (AJIRB-MED-MDB-21-062). The informed 

consent requirement was waived because of the retrospective study 
design. The study subjects were a subset of those in previously 
reported studies [18,19].

  

Study Sample
This was a registry-based, multi-institutional, retrospective study. 
To establish an improved management guideline for patients with 
thyroid nodules and cancer, the Committee of the Korean Society 
of Thyroid Radiology has developed a web-based platform, known 
as the Thyroid Imaging Network of Korea registry, by gathering US 
images of thyroid nodules and their corresponding diagnoses from 
26 different hospitals. With the efficient handling of imaging data 
and medical records, researchers can easily access a web-based 
program (AIM AiCRO, https://study.aim-aicro.com) that meets the 
strictest standards of data encryption and site-side security at the 
browser and server levels. 

After receiving institutional review board approval, consecutive 
patients who had undergone thyroid US at the participating 
hospitals in the period between June 2015 and September 2015 
were enrolled. The inclusion criteria were as follows: (1) nodules 
≥1 cm in size, (2) the performance of fine needle aspiration (FNA), 
core-needle biopsy (CNB), or surgery for nodules, and (3) optimal US 
image quality for the evaluation of US features. All high-resolution 
images were captured at the maximum diameter of the thyroid 
nodule by the radiologists dedicated to thyroid imaging, who did 
not participate in the image analysis, using a US machine equipped 
with a 10-12 or 5-14 MHz linear probe. Representative paired US 
image files of each thyroid nodule were stored on the platform after 
deleting personally identifiable information from individual images. 

Among the 22,775 nodules, 16,679 were excluded because 
of the size of the thyroid nodules (<1.0 cm, n=12,130), the lack 
of a reference standard test (biopsy or surgery) (n=4,304), or 
suboptimal image quality (n=245). In addition, 1,102 nodules in 
1,015 patients were excluded because of the inconclusive biopsy 
results. The US characteristics could not be analyzed in 59 isolated 
macrocalcifications (entirely calcified nodules) and 48 purely cystic 
nodules, so they were excluded. The remaining 4,989 consecutive 
patients with 5,601 thyroid nodules (≥1 cm) were included in this 
study (4,101 women, 888 men; median age, 54 years; age range, 
19-76 years) (Fig. 1). The final diagnosis of nodules was determined 
by the surgical histologic diagnosis and definite CNB or FNA results. 

US Image Preparation and Image Analysis
Training sessions were conducted for the participating radiologists 
to establish a baseline consensus concerning the US features using 
the images of 15 biopsy-proven thyroid nodules that were not 
included in the study. Afterward, each of the 17 radiologists, having 
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8-22 years of experience in performing thyroid US, who had no 
knowledge of the final diagnosis for the corresponding thyroid 
nodules, conducted a separate retrospective image analysis. The 
radiologists were requested to fill in a multiple-answer electronic 
questionnaire for each set of images using the US lexicons as 
described in the four published guidelines [3,12-14]. 

Composition, echogenicity, shape, orientation, margin, calcification 
(echogenic foci), the intracystic comet-tail artifact, and spongiform 
appearance were assessed. To identify the TTW sign, all thyroid 
nodules were evaluated on both the transverse and longitudinal US 
planes. According to the US probe orientation, the presence of the 
TTW sign was defined as the anteroposterior diameter of a nodule 
being longer than its transverse diameter on the transverse plane or 
its longitudinal diameter on the longitudinal plane (Figs. 2-4). Two 
criteria were designated regarding the TTW sign on the transverse 
and longitudinal planes, as follows: (1) the presence of the TTW sign 
was determined only on the transverse plane; (2) the presence of the 
TTW sign was determined on either the transverse or longitudinal 

plane, similar to the recently published study by Kim et al. [6]. 
Of the four RSSs that were analyzed, the AACE/ACE/AME 

guidelines and ACR-TIRADS use criterion 1, while Korean Thyroid 
Imaging Reporting and Data System (K-TIRADS) and European 
Thyroid Imaging Reporting and Data System (EU-TIRADS) use 
criterion 2 [3,12-14]. For example, nodules with the TTW sign found 
on only the longitudinal plane would be categorized as negative 
by criterion 1, but positive by criterion 2. In the ACR-TIRADS, which 
uses a standardized scoring system to provide additional points 
for questionable US features of thyroid nodules, the TTW sign is 
awarded 3 points and the total score is determined by summing 
all the points from each category (composition, echogenicity, 
shape, margin, echogenic foci) [13]. Nodules having 3 points were 
classified as mildly suspicious, those with 4-6 points were classified 
as moderately suspicious, and those with ≥7 points were classified 
as highly suspicious [13]. 

 

Fig. 2. A 59-year-old woman with a papillary thyroid carcinoma showing the taller-than-wide sign on the transverse plane alone. 
A. Transverse ultrasonography shows a solid hypoechoic nodule with the taller-than-wide sign. B. Longitudinal ultrasonography shows the 
nodule parallel to the longitudinal axis of the thyroid gland.

A B

Fig. 1. Flowchart of the study. 
US, ultrasonography.

22,775 Consecutive patients underwent thyroid US 
in 26 institutions from June to September 2015 12,130 Thyroid nodules less than 1.0 cm

4,304 No reference standard test 
245 Suboptimal image quality

1,015 Inconclusive final diagnosis

59 Isolated macrocalcifications 
48 Purely cystic nodules

5,708 Thyroid nodules in 5,081 patients

5,601 Thyroid nodules in 4,989 patients

4,512 Benign 1,089 Malignant

http://www.e-ultrasonography.org


Min Ji Hong, et al.

114  Ultrasonography 42(1), January 2023 e-ultrasonography.org

Statistical Analysis
The diagnostic value of the TTW sign and FNA criteria of the four 
RSSs according to the TTW sign criteria was evaluated using the 
following metrics: sensitivity, specificity, positive predictive value, 
negative predictive value, and area under the receiver operating 
characteristic curve (AUC). Statistical analyses were performed 
using SPSS for Windows (version 24.0, IBM Corp., Armonk, NY, 
USA) and MedCalc version 19.1.3 (Ostend, Belgium). Statistical 
significance was set at P<0.05. Cohen’s d was used as one of the 
most common ways to calculate the effect size of the standardized 
difference between two mean values [20,21]. By convention, a 
Cohen’s d value of 0.2 represents a small effect, a Cohen’s d value 
of 0.5 corresponds to a medium effect, and a Cohen’s d value of 0.8 

FNA Size Thresholds for K-TIRADS and Other RSSs
In the K-TIRADS, the size threshold for biopsy is 1.5 cm for low-
suspicion (K-TIRADS 3) nodules and 1.0 cm for intermediate-
suspicion (K-TIRADS 4) or high-suspicion nodules (K-TIRADS 5) 
[3]. The biopsy size thresholds are 2.0 cm for intermediate-risk 
nodules (class 2) and 1.0 cm for high-risk nodules (class 3) in the 
AACE/ACE/AME guidelines [12]. The size threshold for biopsy in 
the ACR-TIRADS is 2.5 cm for mildly suspicious nodules (TR3), 1.5 
cm for moderately suspicious nodules (TR4), and 1.0 cm for highly 
suspicious nodules (TR5) [13]. In the EU-TIRADS guidelines, the 
biopsy size threshold is 2.0 cm for low-risk nodules (EU-TIRADS 3), 
1.5 cm for intermediate-risk nodules (EU-TIRADS 4), and 1.0 cm for 
high-risk nodules (EU-TIRADS 5) [14]. 

Fig. 3. A 53-year-old woman with papillary thyroid carcinoma showing the taller-than-wide sign on the longitudinal plane alone. 
A. Transverse ultrasonography shows a solid hypoechoic nodule parallel to the transverse axis of the thyroid gland. B. Longitudinal 
ultrasonography reveals the taller-than-wide orientation of the nodule.

A B

Fig. 4. A 41-year-old woman with papillary thyroid carcinoma with the taller-than-wide sign on both the transverse and longitudinal 
ultrasound planes. 
Transverse (A) and longitudinal (B) images show a solid hypoechoic nodule with the taller than-wide sign. 

A B
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indicates a large effect [22]. 
 

Results

Demographic Data
The size of thyroid nodules ranged between 10 and 100 mm 
(interquartile range, 13.0 to 25.0 mm; median, 17.0 mm). Among 
the 5,601 selected nodules, 4,512 (80.6%) were benign, and 1,089 
(19.4%) were malignant. Based on the final diagnosis determined 
by surgery or CNB (n=927) or FNA (n=162), the malignant nodules 
were classified into 989 papillary thyroid carcinomas (PTCs) 
(90.8%), and 100 other malignant tumors (9.2%). The other tumors 
included 62 follicular carcinomas (5.7%), 12 medullary thyroid 
carcinomas (1.1%), seven poorly differentiated carcinomas (0.6%), 
six anaplastic carcinomas (0.6%), five metastatic tumors (0.5%), 
four unspecified malignancies (0.4%), three lymphomas (0.3%), and 
one squamous cell carcinoma (0.1%). The final diagnosis of benign 
nodules was made through (1) the pathological results of surgical 
resection (n=390), (2) at least two benign diagnoses on FNA or CNB 
(n=594), and (3) one benign diagnosis on FNA or CNB (n=3,528). 
From the surgical reports of the 390 benign nodules, there were 239 
cases of nodular hyperplasia, 135 follicular adenomas, eight cases of 
thyroiditis, one Hürthle cell adenoma, one intrathyroidal parathyroid, 
one simple cyst, one intrathyroidal thyroglossal duct cyst, one 
hemorrhagic degenerated lesion, one cellular adenomatoid nodule, 
one nodular hyperplasia or follicular adenoma, and one unspecified 
benign lesion.

  

Risk of Malignancy with the TTW Sign According to the US 
Image Plane
Table 1 shows the prevalence of the TTW sign detected in thyroid 
nodules according to the US image planes. Of the 5,601 thyroid 
nodules, the TTW sign was found in only 0.4% of nodules on the 
longitudinal plane alone, 6.0% on the transverse plane alone, and 
2.2% on both the transverse and longitudinal planes. The risk of 
malignancy was significantly higher in thyroid nodules with the TTW 
sign than in those without the TTW sign on the transverse plane 
alone, the longitudinal plane alone, and both the transverse and 
longitudinal planes (all P<0.001). 

Diagnostic Value of Two Criteria to Determine the TTW for 
Predicting Thyroid Malignancy
The diagnostic value of both TTW sign criteria for predicting thyroid 
malignancy is summarized in Table 2. Similar to previous studies 
with the TTW sign, the specificity was substantially high (95.5% 
for criterion 1, 95.4% for criterion 2), while the sensitivity was very 
low (24.0% for criterion 1, 25.3% for criterion 2), whether it was 
determined only on the transverse plane or either the transverse 
or longitudinal plane. Nonetheless, the accuracy was very high 
(81.6% for criterion 1, 81.7% for criterion 2). Compared to the 
method of determining the TTW sign only on the transverse US 
plane, the sensitivity, specificity, and AUC obtained when the TTW 
sign was judged on either the transverse or longitudinal plane 
presented statistically significant differences (P<0.001, P=0.016, 
and P=0.001, respectively); however, the observed differences 
were small considering the effect size based on Cohen’s d (d=0.19, 
d=0.10, and d=0.07, respectively).  

Table 1. Prevalence of the taller-than-wide sign in thyroid nodules according to the US image plane
US image plane Total (n=5,601) Benign (n=4,512) Malignant (n=1,089) Malignancy risk (%) P-value

Transverse alone 337 (6.0) 169 (3.7) 168 (15.4) 49.9 <0.001

Longitudinal alone 21 (0.4) 7 (0.2) 14 (1.3) 66.7 <0.001

Both transverse and longitudinal 126 (2.2) 33 (0.7) 93 (8.5) 73.8 <0.001
Values are presented as number (%). 
US, ultrasound.

Table 2. Diagnostic value of the taller-than-wide sign criteria for malignancy 
Nodule size Sensitivity (%) Specificity (%) Positive predictive value (%) Negative predictive value (%) Accuracy (%) AUC (95% CI)
Criterion 1 24.0 (261/1,089) 95.5 (4,310/4,512) 56.4 (261/463) 83.9 (4,310/5,138) 81.6 (4,571/5,601) 0.597 

(0.584–0.610)
Criterion 2 25.3 (275/1,089) 95.4 (4,303/4,512) 56.8 (275/484) 84.1 (4,303/5,117) 81.7 (4,578/5,601) 0.603

(0.590–0.616)
Values in parentheses are presented as raw data unless otherwise indicated. 
Criterion 1: taller-than-wide sign on the transverse plane. Criterion 2: taller-than-wide sign on either the transverse or longitudinal plane.
AUC, area under the curve; CI, confidence interval.
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Diagnostic Performance of the Four RSSs in Thyroid Nodules 
According to the TTW Sign Criteria 
Table 3 demonstrates the diagnostic performance of the FNA criteria 
according to the four guidelines as per the TTW sign criteria. The 
sensitivity, specificity, and AUCs of all four guidelines showed no 
significant differences (all P>0.05, respectively) according to the 
TTW sign criteria. The observed difference between criteria 1 and 
2 in the sensitivity of FNA for malignancy in each RSS was minimal 
(0%-0.4%). 

Discussion

From the Korean registry-based imaging data, the diagnostic 
performance of the TTW sign for predicting thyroid malignancy was 
not different according to whether it was determined only on the 
transverse plane or additionally on the longitudinal plane. Moreover, 
the sensitivity, specificity, and AUC were nearly the same across 
the four international FNA criteria. These results support using the 
transverse plane for US determinations of the TTW sign of thyroid 
nodules.

Although a multicenter study revealed moderate interobserver 
agreement for the TTW sign (mean Cohen kappa=0.47) to diagnose 
PTC [23], its relatively low sensitivity (range, 14.6% to 68.0%) 
still remains problematic despite its high specificity (range, 82.1% 
to 100.0%) [4-8,11]. To improve the diagnostic performance of 
the TTW sign, two earlier studies clearly recommended using a 

combination of the transverse and longitudinal planes to determine 
the TTW sign of thyroid nodules during US examinations (Table 4) 
[5,11]. Moon et al. [5] reported in a study of 471 thyroid nodules 
that the AUC in which the TTW was determined either on the 
transverse or longitudinal plane was significantly higher than that 
only on the transverse or the longitudinal plane (P=0.006 and 
P=0.036, respectively). In addition, similar results were obtained 
with 942 thyroid nodules measuring 1 cm or smaller [11]. In that 
study, the TTW sign was detected on the transverse plane alone 
(n=100), the longitudinal plane alone (n=61), or both planes 
(n=131), and the accuracy of the TTW sign determined on either 
the transverse or the longitudinal plane was significantly higher 
than that on a single plane, such as the transverse or longitudinal 
plane alone, as well as both planes (0.544, 0.531, 0.627, and 
0.702, respectively; P<0.05). However, Kim et al. recently reported 
that the diagnostic performance of four international RSSs was not 
significantly altered according to the US planes used to determine 
the TTW sign, based on the experience of two independent 
radiologists working at the same hospital [6]. They preferred the 
transverse orientation over the longitudinal orientation, which could 
induce more substantial interobserver variability related to different 
individuals’ neck contours and operators’ skills in tilting the US 
probes [6]. 

Therefore, it is crucial to decide in which direction the US probe 
is placed over the thyroid nodule to obtain two measurements, 
one parallel and the other perpendicular to the direction of wave 

Table 3. Diagnostic performance of the FNA criteria of four guidelines according to taller-than-wide sign criteria 
Risk stratification 

system
Sensitivity (%) Specificity (%)

Positive predictive 
value (%)

Negative predictive 
value (%)

Accuracy (%) AUC (95% CI)

AACE/ACE/AME

Criterion 1 82.1 (894/1,089) 47.5 (2,144/4,512) 27.4 (894/3,262) 91.7 (2,144/2,339) 54.2 (3,038/5,601) 0.648 (0.635–0.661)

Criterion 2 82.2 (895/1,089) 47.4 (2,139/4,512) 27.4 (895/3,268) 91.7 (2,139/2,333) 54.2 (3,034/5,601) 0.648 (0.635–0.660)

ACR-TIRADS

Criterion 1 74.3 (809/1,089) 68.8 (3,102/4,512) 36.5 (809/2,219) 91.7 (3,102/3,381) 69.8 (3,911/5,601) 0.715 (0.703–0.727)

Criterion 2 74.7 (813/1,089) 68.7 (3,100/4,512) 36.5 (813/2,225) 91.8 (3,100/3,376) 69.9 (3,913/5,601) 0.717 (0.705–0.729)

EU-TIRADS

Criterion 1 86.2 (939/1,089) 38.2 (1,724/4,512) 25.2 (939/3,727) 92.0 (1,724/1,874) 47.5 (2,663/5,601) 0.622 (0.609–0.635)

Criterion 2 86.3 (940/1,089) 38.2 (1,722/4,512) 25.2 (940/3,730) 92.0 (1,722/1,871) 47.5 (2,662/5,601) 0.622 (0.610–0.635)

K-TIRADS

Criterion 1 94.9 (1,033/1,089) 23.9 (1,079/4,512) 23.1 (1,033/4,466) 95.1 (1,079/1,135) 37.7 (2,112/5,601) 0.594 (0.581–0.607)

Criterion 2 94.9 (1,034/1,089) 23.9 (1,077/4,512) 23.1 (1,034/4,469) 95.1 (1,077/1,132) 37.7 (2,111/5,601) 0.594 (0.581–0.607)
Values in parentheses are presented as raw data unless otherwise indicated. 
Criterion 1: taller-than-wide sign on the transverse plane. Criterion 2: taller-than-wide sign on either the transverse or longitudinal plane. 
FNA, fine needle aspiration; AUC, area under the curve; CI, confidence interval; AACE/ACE/AME, American Association of Clinical Endocrinologists/American College of 
Endocrinology/Associazione Medici Endocrinologi; ACR-TIRADS, American College of Radiology Thyroid Imaging Reporting and Data System; EU-TIRADS, European Thyroid 
Imaging Reporting and Data System; K-TIRADS, Korean Thyroid Imaging Reporting and Data System.
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propagation. This contrasts with other malignant US criteria 
including hypoechogenicity, microcalcifications, and irregular 
margins, which are completely unaffected by the direction of the 
probe. There is a lack of consensus in the current international 
guidelines on the reference US image plane to be used to determine 
the TTW sign. While some guidelines do not clearly mention the 
US plane to be used, other guidelines either recommend using the 
transverse plane alone or recommend either the transverse or the 
longitudinal plane [2,3,12-16]. 

This study further assessed the diagnostic performance of the 
TTW sign according to the US probe orientation using a sufficient 
number of cases (i.e., a Korean nationwide collected image set 
of 5,601 thyroid nodules with sizes ≥1 cm) that were previously 
assessed by 17 Korean thyroid-experienced radiologists. In the 
registry-based data, the prevalence of thyroid nodules with the TTW 
sign detected on the longitudinal plane alone was 0.4% (21/5,601), 
similar to the study by Kim et al. [6], which reported a proportion 
of 0.6% (11/1,905), while much lower than the study by Moon et 
al. [5], which reported a prevalence of 3.6% (17/471) from single-
institutional data. Exceptionally, Moon et al. [5] considered the 
TTW sign to be present even if the anteroposterior and transverse 
diameters of thyroid nodules were the same. This is distinct from 
the definition of TTW as the anteroposterior diameter being longer 
than the transverse diameter [4,6-11], thus the exact number of 
thyroid nodules that satisfied the current definition of the TTW sign 
was still uncertain. Overall, adding a longitudinal examination led to 
a relatively negligible improvement in sensitivity (24.0% to 25.3% 
in the present study; 37.5% to 38.7% in the study by Kim et al. [6]; 
58.4% to 68.0% in the study by Moon et al. [5]). As mentioned 
earlier, the diagnostic performance of the TTW sign for predicting 
thyroid malignancy was not significantly different in this study 
according to whether it was determined only on the transverse 

plane or additionally on the longitudinal plane. Moreover, the 
sensitivity, specificity, and AUC were nearly the same as per the four 
international FNA criteria. Accordingly, these results support a recent 
modification of the Korean-TIRADS guideline, according to which 
the transverse plane might be sufficient for evaluating the TTW sign, 
instead of the transverse or longitudinal plane as recommended in 
the previous version [1,3,17]. 

In 2002, Kim et al. [4] first introduced the concept of the TTW sign 
of thyroid nodules. It was defined as an anteroposterior diameter 
exceeding the transverse diameter. This has been considered a 
characteristic US feature that reflects the anti-gravitational growth 
pattern of thyroid malignancy across the normal tissue plane. 
Conversely, benign nodules usually grow along the tissue plane in a 
parallel fashion, similar to the patterns previously reported in breast 
US studies [24]. However, there are scarce data in the literature 
regarding the presence of a tissue plane in the thyroid gland. 
Several years later, Yoon et al. [25] reported that anteroposterior-
transverse ratio (mean±standard deviation) of each thyroid nodule 
was significantly lower on transverse US images than on the 
corresponding computed tomography (CT) image (0.97±0.34 vs. 
1.07±0.28, respectively; P<0.001); furthermore, the differences in 
the ratio between US and CT images were greater in benign nodules 
than in malignant nodules, owing to a shorter anteroposterior 
diameter on US. Since the shape and diameter displayed on US 
images may reflect the elasticity in response to an external force 
during probe compression, further reduction in thyroid nodules’ 
anteroposterior diameter may correspond to higher compressibility 
during US examinations. Generally, benign thyroid nodules tend to 
be more easily compressed than malignant nodules because of their 
lesser infiltration of the surrounding tissues [26-30]. In contrast, the 
various growth patterns of malignant cells including angiogenesis, 
destruction of thyroid follicles, reparative changes, fibrosis, and 

Table 4. Diagnostic performance of the taller-than-wide sign for predicting thyroid malignancy according to US criteria

Study
Criterion 1 Criterion 2

Comments
Sensitivity Specificity Accuracy AUC (95% CI) Sensitivity Specificity Accuracy AUC (95% CI)

Moon et al. [5] 58.4
(73/125)

83.5
(289/346)

76.9
(362/471)

0.7096
(0.6620–0.7522)

68
(85/125)

82.1
(284/346)

96.4
(454/471)

0.7504
(0.7046–0.7962)

471 nodules 
(M:B=125:346) 

definition of TTW: 
AP/T ratio ≥1)

Chen et al. [11] 14.6
(75/515)

84.1
(402/427)

50.6
(477/942)

49.3
(254/515)

91.1
(389/427)

68.3
(643/942)

942 nodules ≤1 cm 
(M:B=515:427)

Kim et al. [6] 37.5
(159/424)

94.8
(1,404/1,481)

82.0
(1,563/1,905)

0.662
(0.640–0.683)

38.7
(164/424)

94.4
(1,398/1,481)

82.0
(1,562/1,905)

0.665
(0.644–0.687)

1,905 nodules 
(M:B=424:1,481)

The present 
study

24.0 
(261/1,089)

95.5
(4,310/4,512)

81.6
(4,571/5,601)

0.597
(0.584–0.610)

25.3 
(275/1,089)

95.4
(4,303/4,512)

81.7
(4,578/5,601)

0.603
(0.590–0.616)

5,601 nodules >1 cm 
(M:B=1,089:4,512)

Values in parentheses are presented as raw data unless otherwise indicated. 
Criterion 1: taller-than-wide sign on the transverse plane. Criterion 2: taller-than-wide sign on either the transverse or longitudinal plane.
US, ultrasound; AUC, area under the curve; CI, confidence interval; M, malignant; B, benign; TTW, taller-than-wide; AP, anteroposterior; T, transverse.
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increased interstitial fluid pressure have been found to affect the 
US appearances of PTC by inducing greater stiffness compared 
to normal parenchyma or benign thyroid nodules, as has been 
validated in US elastography studies [26-31]. Consequently, dense 
fibrosis, which has been observed in 56%-89% of PTCs [32,33], 
has been suggested as the main mechanism of the TTW sign, which 
appears as no or less reduction of the anteroposterior diameter of 
malignant thyroid nodules on US images [25]. 

Based on those hypotheses, the diameter of malignant thyroid 
nodules parallel to the axis of transducer compression could appear 
longer than the diameter perpendicular to the axis of transducer 
compression in any direction the probe might point toward. However, 
considerable intra- and interobserver variability has been found in 
thyroid nodule measurements owing to differences in the transducer 
location, angulation, and pressure, as well as the manipulation 
of the calipers during the US image acquisition [6,34,35], which 
must be taken into account to determine the TTW sign. To confirm 
the accuracy of the TTW sign, more than 10 sonographers and 
some physicians recently recorded the diameters of 2,030 thyroid 
nodules in both the transverse and longitudinal orientations at six 
hospitals [36]. Measurements were performed under the rule that 
the transverse diameter in longitudinal and transverse sections was 
parallel to the skin, while the anteroposterior diameter was at a 
right angle to the transverse diameter. Despite a higher specificity 
and larger AUC of TTW on the longitudinal plane for diagnosing 
thyroid malignancy, data obtained from the transverse orientation 
were almost constant, whereas those from the longitudinal 
orientation frequently varied because the longitudinal axis changed 
slightly depending on the observer. Hence, their argument that the 
data obtained from transverse planes may be the most appropriate 
for multicenter collaborative research was consistent with this study, 
as well as an earlier study conducted by Kim et al. [6] 

The current study has several limitations. First, 17 radiologists 
retrospectively determined the presence of the TTW sign from pairs 
of representative images uploaded from 26 different hospitals. 
These conditions are different from those of real clinical practice. 
Second, although specialized thyroid radiologists evaluated the US 
images of thyroid nodules after undertaking a training session to 
avoid misunderstanding the US lexicon, the interobserver agreement 
for the TTW sign was not assessed in this study. Third, because this 
study analyzed a previously filled-in multiple-answer electronic 
questionnaire by 17 radiologists, it was impossible to further analyze 
the influence of US probe tilting or neck contour during thyroid US 
examinations. To overcome these limitations, a multicenter validation 
study with a prospective design must be conducted.

In conclusion, a Korean registry-based study revealed that the 
longitudinal ultrasound probe orientation provided little additional 

diagnostic value for the TTW sign of thyroid nodules over the 
transverse orientation. Therefore, the transverse plane alone 
would be sufficient for evaluating the TTW sign to predict thyroid 
malignancy. 
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