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Objective: Thyroid nodules are a common medical problem in China and in other parts of the world. Many guidelines use 
ultrasound (US) as the first choice for evaluating thyroid nodules. A major limitation of US is operator dependency, resulting in 
a variety of discrepancies in diagnosing thyroid nodules in the literatures. Risk stratification of thyroid nodules is based on the 
patterns of US features in the 2015 American Thyroid Association (ATA) management guidelines for adult patients with thyroid 
nodules. We hypothesize that special training targeting features recognition may increase the inter-observer agreement.

Methods: The study was conducted on 52 participants from Peking Union Medical College Hospital (PUMCH) from March 
to May 2018.The participants were divided into two groups by their own decision for their convenience. Image features-
based learning (IF-BL) was used to train the participants to learn special features including shape, margin, echo level, internal 
structure, calcification, vascularity through 10 standard images based on the 2015 ATA guideline. Group A (27 subjects) received 
IF-BL during the first month, and Group B (25 subjects) received IF-BL during the second month. All participants evaluated US 
features and risk stratification in 60 US images of 20 thyroid nodules before and after the training.  The test results were graded 
by a teaching assistant according to the rule of 0.5 points assigned to every feature and 2 points assigned to risk stratification, 
with a total of 100 points. Inter-observer agreements of US features and risk stratification were assessed and compared before 
and after the training.

Results: After the first month, Group A had better scores than Group B, the control group of the month (75.4±9.4 vs 68.7±8.4, p 
= 0.01). At the end of the second month during which both groups were trained, there was no difference of scores between Group 
A and Group B (74.5±10.4 vs 75.1±7.4, P = 0.78). Scores of all participants were significantly higher than the initial (74.8±9.0 
vs 65.8±13.6, P < 0.01). After the training, the kappa values of US features improved from 0.28-0.43 to 0.43-0.75, and those of 
risk stratification improved from 0.13 to 0.55.

Conclusion: IF-BL can effectively help trainees correctly recognize US features and evaluate the risk stratification of thyroid 
nodule and can improve the inter-observer agreement.
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Thyroid nodules are a common medical disease 
with a prevalence of 39.7–50.3% in China and in 
other parts of the world [1,2]. Most nodules are 

non-palpable, asymptomatic, and detected by ultrasound 
(US) [2,3]. US is useful not only for detection but also 
for lesions evaluation. It is the first choice for evaluating 
thyroid nodules in many guidelines, including the latest 
2015 American Thyroid Association (ATA) management 
guideline [4-8]. However, the main limitation of US 
is its operator dependency, resulting in a variety of 
discrepancies in diagnosing thyroid nodules in the 
literatures. Moon et al. reported that there was a low 
degree of inter-observer agreement for thyroid nodule 
evaluation by US [9]. This factor limits the accuracy in 
applying many US guidelines. Since the risk stratification 
of thyroid nodule is based on the patterns of US features, 
it’s very important to recognize US features correctly. 
In this study, our goal was to assess the effect of image 
features based-learning (IF-BL) on the inter-observer 
agreement using the 2015 ATA Management Guidelines 
as the reference. 

Patients and Methods

Participants, training and tests for US image reading 
This study was approved by the ethics committee of 

the Peking Union Medical College Hospital (PUMCH). 
Participants who potentially met the inclusion criteria 
were those with theoretical competence and limited 
practical experience in general US. The trainee 
enrollment was conducted from March to May 2018.
After exclusion, 64 participants from PUMCH were 
invited to participate in the training program, and 
52 of them completed the study. The reasons for the 
withdrawals of the 12 trainees included schedule 
conflicts, family issues, personal choice and others. The 
participants were divided into two groups by their own 
decision for their convenience, and researcher classified 
the subjects when the numbers of the two groups were 
unmatched. IF-BL was used for training according to the 
2015 ATA guideline to help the participants learn special 
features including shape, margin, echo level, internal 
structure, calcification, vascularity through 10 standard 
images such as US images shown in Figure 1. Figure 
1 presents the examples of different features of thyroid 
nodules for participants to learn in our training program, 
and all the characteristics of the nodules were typical and 
impressive for beginners to learn and master.

Group A (27 subjects) received IF-BL during the first 
month, and Group B (25 subjects) received IF-BL during 
the second month. Apart from receiving training in our 
study, all trainees had participated in traditional US 
classroom teaching and had had daily clinical practice 

in the US department, even though they are beginners to 
practice experience

US features and risk stratification in the 60 US images 
of 20 thyroid nodules were evaluated independently by 
all participants before and after the training. The test 
results were graded by a teaching assistant according 
to the rule of 0.5 points assigned to every feature and 
2 points to risk stratification, and 100 points in total. 
The inter-observer agreement of US features and risk 
stratification before and after the training were assessed 
and compared.

Statistical analysis
The quantitative data are presented as means± 

standard deviation (SD). The qualitative data are 
presented as frequencies. The Shapiro-Wilk test was used 
to determine whether the data were normally distributed. 
For the parametric data, the unpaired t test was used to 
evaluate the differences between the two groups. For the 
nonparametric data, the differences between the groups 
were analyzed and the Mann-Whitney U test was used 
for this analysis. The chi-square test with Yates’ correction 
and Fisher’s exact test were used to compare categorical 
variables. The statistical analyses were performed with 
the SPSS (Version 19.0, SPSS Chicago, IL, USA) 
software. 

To assess the inter-observer variability, the kappa 
value was calculated, and the kappa static was used to 
determine the reproducibility of the US assessment of 
thyroid nodule risk stratification and their associated 
features. A kappa value of > 0.80 was considered 
“excellent” or “almost perfect”; a kappa value of > 0.60-
0.80 indicated “substantial”; a kappa value of > 0.40-0.60 
was considered “moderate”; a kappa value of > 0.20-
0.40 was fair; and a kappa value of ≤ 0.20 indicated 
“poor” performance. Values of p < 0.05 were considered 
as significant. All statistical analyses were performed 
with the SPSS (Version 19.0, SPSS Chicago, IL, USA) 
software and the Stata version 10 software (StataCorp, 
Lake way Drive College Station, TX, USA).

Results

Baseline characteristics
The differences between the baseline characteristics 

of the trainees in Group A (27 subjects) and those 
in Group B (25 subjects) are presented in Table 1. 
The baseline characteristics of the two groups were 
comparable with respect to gender, age, education, 
majors in medical imaging, interest in studying US, 
family members suffering from thyroid disease and 
experience in thyroid ultrasound practice. All parameters 
were similar in both groups (P > 0.05) (Table 1).
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Figure 1 US features of thyroid nodule

Before entering the training program, all participants 
underwent a baseline US imaging test. No significant 
difference was found on the test scores between Group 
A and Group B (65.6±16.1 vs 66.1±10.4, P = 0.91) 
(Table 1).

Evaluation of test scores of Group A and of all 
participants after IF-BL

After the first month of IF-BL training, participants in 
Group A achieved much higher test scores than those in 
control group (Group B) (75.4±9.4 vs 68.7±8.4, P = 0.01).
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At the end of the second month, only 12 participants 
in Group B completed the test. After all trainees (26 
participants) in Group A and Group B completed IF-BL, 
there was no difference of scores between Group A and 
Group B (74.5±10.4 vs 75.1±7.4, P = 0.78). Test scores 
were significantly higher after the training than before it 
(74.8±9.0 vs 65.8±13.6, P < 0.01).

Inter-observer agreement for US thyroid nodule 
evaluation before and after IF-BL

The agreement and the strength of agreement among 
the trainees regarding thyroid nodule US features and 
risk stratification are displayed in Table 2. Before the 
training, the kappa values of US features ranged from 

0.28 to 0.43; the agreement for shape and internal 
construction were moderate with corresponding 
values of 0.42 and 0.43; the agreement for margin, 
echogenicity, calcification and vascularity were fair 
with corresponding values ranging from 0.28 to 0.33. 
After the IF-BL process, all kappa values significantly 
improved, the improvement ranging from 0.43 to 0.75. 
Shape, internal struction and calcification improved 
with values of 0.66, 0.71 and 0.75, respectively. Margin, 
echogenicity, vascularity and risk stratification showed 
moderate agreement with values ranging from 0.43 to 
0.55. The Kappa value of risk stratification improved 
from poor to moderate, with the corresponding value 
raised from 0.13 to 0.55.

Table 1 The baseline characteristics of Group A and Group B 

Item Group A (n = 27) Group B (n = 25) P value

Sex (male/female) 4/23 3/22 0.545

Age, yr (mean ± SD) 30.8±10.1 28.4±4.4 0.110

Education years, yr (mean ± SD) 16.8±5.6 18.2±2.4 0.240

Majored in medical imaging (yes/no) 9/18 11/14 0.310

Interest in studying ultrasound (passionate/average) 22/5 20/5 0.580

Relatives suffering from thyroid disease (yes/no) 16/11 16/9 0.470

Experienced in thyroid ultrasound (yes/no) 4/23 8/17 0.130

Thyroid nodule image test points (100 possible points) 65.6±16.1 66.1±10.4 0.910

Group A: Fellows received training during the first month; Group B: Fellows received training during the second month

Table 2 Inter-observer agreement for US thyroid nodule evaluation after training 

Thyroid nodule US
Before IF-BL After IF-BL

kappa Agreement strength kappa Agreement strength

Shape 0.42 Moderate 0.66 Substantial

Margin 0.29 Fair 0.55 Moderate

Echogenicity 0.34 Fair 0.51 Moderate

Internal struction 0.43 Moderate 0.71 Substantial

Calcifications 0.33 Fair 0.75 Substantial

Vascularity 0.28 Fair 0.43 Moderate

Risk stratification 0.13 Slight 0.55 Moderate

All values calculated using kappa statics

Discussion
US is the first choice for evaluating thyroid nodules 

in many guidelines, and high diagnostic accuracy and 

inter-observer agreement are very important. However, 
the limitation of US is its operator dependency. The 
reproducibility among US radiologists has been 
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005

examined in different studies conducted on this subject. 
In consistent with the results by Moon et al, a study 
conducted by Chang et al. found a fair to substantially 
acceptable inter-observer variation of thyroid nodule US 
features evaluation among five US radiologists [9,10]. 
Moreover, a study performed by Seon et al examined the 
interpretation and grading of thyroid nodules among four 
radiologists. The reproducibility was fair to substantial 
[11]. The results showed there were multiple degrees of 
inter-observer agreements in the US feature descriptions 
of thyroid nodules. Therefore, to improve US diagnostic 
accuracy and inter-observer agreement, a process of 
US features recognition training is needed, which has 
been noted by some researchers already. In 2016, a 
study by M. Naren et al reported a high inter-observer 
reproducibility of US evaluation of thyroid nodules 
using the TIRADS system among six US radiologists 
[12]. This study emphasized the importance of regular 
training of trainees, but the authors did not illustrate the 
detailed training process. Our objective was to determine 
the effect of IF-BL on the diagnostic accuracy and inter-
observer variability for assessment of US features and 
risk evaluation of thyroid nodules using ATA guidelines. 
After the IF-BL process, the trainees exhibited improved 
diagnostic accuracy. Before training, a slight-to-
moderate degree of inter-observer agreement was 
exhibited, suggesting a poor grasp of US features and 
risk stratification of thyroid nodules. After a short time of 
the IF-BL training process, inter-observer agreement of 
all features and the risk stratification evaluation showed 
a distinct increase.

Conclusion
Our study proposed a standardized and systematic 

training process for beginners focusing on targeting 
features recognition using the 2015 ATA guideline. 
Participants in the study were beginners with limited 
US practical experience. After the IF-BL training, US 
diagnostic accuracy and inter-observer agreement for 
thyroid nodule evaluation were significantly improved 
in a short time. The findings of this study showed that 
IF-BL can effectively help trainees correctly recognize 
US features and evaluate risk stratification of thyroid 
nodules. To further improve diagnostic accuracy and 
inter-observer agreement of US, not only for thyroid 
nodule evaluation, more attention should be focused on 
standard training among US radiologists. 
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