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English Abstract

Purpose:

To determine whether a CAD system for the evaluation of thyroid nodules is non-inferior to 

radiologists with different levels of experience. 

Materials and Methods: 

Institutional review board approval and informed consent were obtained for this prospective

non-inferiority study. Patients with thyroid nodules with a decisive diagnosis, whether benign 

or malignant, were consecutively enrolled from November 2017 to September 2018. Three 

radiologists with different levels of experience (1 month, 4 year, and 7 years) in thyroid 

ultrasound reviewed the thyroid ultrasound with and without the use of a CAD system. 

Statistical analyses included non-inferiority testing of the diagnostic accuracy for malignant 

thyroid nodules between the CAD system and the three radiologists with a non-inferiority 

margin of 10%, comparison of the diagnostic performance, and the added value of the CAD 

system on the radiologists.
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Results:

A total of 197 patients (165 patients with a benign nodule [84.8%] and 25 patients with a 

malignant nodule [15.2%]) were included in the study cohort. The diagnostic accuracy of the 

CAD system [88.4%, 95% confidence interval (CI) = 82.65–92.53] was non-inferior to that of 

the radiologists with less experience (1 month and 4 year) on thyroid US (83.03, 95% CI = 

76.52–88.02; P < 0.001), whereas it was inferior to that of the experienced radiologist (7 years)

(95.76%, 95% CI = 91.37–97.96; P = 0.138). The sensitivity and negative predictive value 

of the CAD system were significantly higher than those of the less-experienced radiologists, 

whereas no significant difference was found with the experienced radiologist. A conjunctive 

combination of grayscale US and the CAD system significantly improved sensitivity and 

negative predictive value, although specificity and positive predictive value deteriorated for 

the less-experienced radiologists. 

Conclusion:

The CAD system may offer support for decision-making in the diagnosis of malignant thyroid 
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nodules for operators who have less experience in thyroid US.
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Introduction

Thyroid nodules are common, with a prevalence of 19–68% in the adult population on 

the basis of detection by ultrasound (US) (1-3). Although the vast majority of these incidentally 

detected nodules will ultimately prove to be benign, approximately 5–15% of patients with 

either solitary or multiple nodules will be diagnosed with thyroid cancer (4-6). Ultrasound (US) 

is the main diagnostic modality for evaluating thyroid nodules and differentiating between 

benign and malignant nodules. However, the main limitation of US is its operator dependence 

and interobserver variability, which is moderate to substantial (7-10).

A computer-aided diagnosis (CAD) system was recently introduced for the 

characterization and interpretation of the US features of thyroid nodules (11-19). Several 

studies have found that this CAD system affords a diagnostic performance similar to that of 

an experienced radiologist, and that it can offer support for decision-making in thyroid cancer 

diagnosis (12,13,16,18,19). However, the study populations of all of these studies included 

substantial proportions of malignant thyroid nodules (42.2–69.9%), rates that are much higher 

than the general prevalence of thyroid cancer (12,13,16,18,19). Furthermore, these studies 
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were performed by experienced radiologists, and there are no studies comparing diagnostic 

performance between the CAD system and radiologists with less experience. The usefulness 

of the CAD system for US may differ according to the level of experience of the operator. The 

purpose of this study was therefore to determine whether the CAD system for evaluation of 

thyroid nodules is non-inferior to radiologists with different experience levels.
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Materials and Methods

Patients

This prospective study was approved by our institutional review board, and written 

informed consent was obtained from all patients before they underwent US. The study patients 

were recruited from a tertiary referral hospital between November 2017 and September 2018. 

The inclusion criteria used to select patients were (a) underwent US-guided core-needle biopsy 

(CNB) or fine needle aspiration (FNA), or (b) follow-up for a thyroid nodule with decisive 

diagnosis. Patients were excluded from the study population if they (a) had a thyroid nodule 

less than 1 cm, or (b) were younger than 18 years of age. 

A decisive diagnosis consisted of a malignant or benign diagnosis. A malignant 

diagnosis was made when malignancy was confirmed on the surgical specimen or by CNB 

histology or FNA cytology. A diagnosis of a benign nodule was made when any one of the 

following criteria was met: (i) confirmation using a surgical specimen; (ii) benign CNB 

histology or FNA cytology findings; or (iii) US findings of very low suspicion (spongiform or 
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partially cystic nodules without any sonographic feature in the low, intermediate, or high 

suspicion patterns) or benignity (purely cystic nodules) with no change over at least 1 year.

US image acquisition and analysis

US examinations were performed using an RS80A US system (Samsung Medison Co., 

Seoul, South Korea) equipped with a linear high-frequency probe (frequency range, 3–12 

MHz). The real-time CAD system software using artificial intelligence (S Detect for Thyroid; 

Samsung Medison Co.) was integrated into the US system. This real-time CAD software 

provided two points to indicate the top left and bottom right of a region of interest (ROI) box 

enclosing a thyroid nodule on the US system. On the basis of the given box, the software 

automatically calculated the contour of the mass to distinguish it from normal thyroid tissue 

(segmentation) and evaluated the US features of the mass including size (maximum diameter), 

composition (solid, partially cystic, or cystic), shape (oval-to-round or irregular), orientation 

(parallel or non-parallel), margins (well-defined, ill-defined, or spiculated), echogenicity 
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(hyperechoic/isoechoic or hypoechoic/marked hypoechoic), and spongiform nature. These US 

features are quantified into computerized values and are presented as features to describe the 

thyroid nodule. Consequently, the software displays a diagnosis as to whether the nodule is 

benign or malignant (Fig. 1, 2). One radiologist with 7 years of experience in performing 

thyroid US drew the ROI box enclosing a target thyroid nodule on transverse and longitudinal 

images, and then evaluated the quality of the nodule segmentation. 

US images were independently analyzed by three radiologists with different levels of 

thyroid US experience: resident (1 month, 200 cases), fellow (4 years, 1000 cases), and staff

(7 years, 80000 cases). Resident and fellow radiologists were categorized as less-experienced 

radiologists and staff radiologist categorized as experienced radiologist. None of the reviewers 

had any information regarding the patients’ clinical histories, previous imaging results, or 

previous biopsy results. Two separate US image analysis sessions were performed. The first 

session was performed by radiologists using only grayscale images, while the second session 

was performed using grayscale US and the CAD system. First, each radiologist reviewed the 

grayscale images and evaluated the following features: composition (solid, partially cystic, or 
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Fig 1. Representative case of a malignant thyroid nodule. An ultrasound (US) image (a) 

and automatically calculated mass contour, US features, and diagnosis presented by the 

computer-aided diagnosis (CAD) system (b). Both the CAD system and the radiologist 

diagnosed it as a malignant nodule. The CAD system performed an excellent segmentation of 

the thyroid nodule. The CAD system and radiologist demonstrated concordant US 

characteristics of composition (solid), shape (ovoid-to-round), orientation (non-parallel), 

echogenicity (hypoechogenicity), and margin (speculated).
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Fig 2. Representative case of a benign thyroid nodule. An ultrasound (US) image (a) and 

automatically calculated mass contour, US features, and diagnosis presented by the computer-

aided diagnosis (CAD) system (b). Both the CAD system and the radiologist diagnosed it as a 

benign nodule. The CAD system performed a satisfactory segmentation of the thyroid nodule. 

The CAD system and radiologist demonstrated concordant US characteristics of composition 

(partially cystic), shape (ovoid-to-round), orientation (parallel), echogenicity (hyper- or 

isoechogenicity), and margin (well-defined).



８

cystic), echogenicity (hypo-/marked hypoechogenicity or iso-/hyperechogenicity), shape 

(ovoid-to-round or irregular), orientation (parallel or non-parallel), margin (smooth, 

spiculated/microlobulated, or ill-defined), and calcification (none, microcalcification, 

macrocalcification, or rim calcification). Each radiologist concluded their diagnosis as to 

whether the nodule was benign or malignant according to previous report by Moon et al (8). 

Then, each radiologist re-evaluated the same grayscale images while referring to the CAD 

system and made a subjective diagnostic decision on the basis of the grayscale US and CAD. 

Additionally, the conjunctive combination was also analyzed, with a finding of “malignant” 

on either the grayscale US or CAD system being defined as malignant.

Study end point

The primary end point of this study was the diagnostic accuracy of the CAD system 

for diagnosis of malignant thyroid nodules in comparison with radiologists with different 

levels of experience. The secondary end points included the diagnostic performance and added 
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value of the CAD system for diagnosis of malignant thyroid nodules, and the added value of 

the CAD system for interobserver agreement of US features between the three radiologists.

Statistics

This study was primarily designed as a non-inferiority study, and the sample size was 

estimated to determine the non-inferiority of the CAD to the radiologists in regard to the 

primary end point (diagnostic accuracy). Non-inferiority was defined as a diagnostic accuracy 

that was no more than 10 percentage points below the estimated diagnostic accuracy of the 

radiologist. The diagnostic accuracy of thyroid US for assessment of thyroid nodules was 

around 78%. To obtain a statistical power of 80% with a one-sided P-level of 0.05, a sample 

size of 157 patients in each group was required. Therefore, to allow for study dropouts, 200 

patients were enrolled in this study. The inferiority margin was chosen by considering similar 

non-inferiority studies on diagnostic accuracy.

The diagnostic performances of the CAD system and each radiologist were evaluated 
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by calculating the sensitivities, specificities, positive predictive values (PPVs), and negative 

predictive values (NPVs), and then comparing them using generalized estimating equations 

for matched data. 

To assess the added value of the CAD system, the sensitivity, specificity, PPV, and 

NPV were compared between the results from the grayscale images and those from the 

grayscale images with CAD. Generalized estimating equations were used for the two 

comparisons, to account for clustering from the same patient. 

Finally, the extent of interobserver agreement (the multiple kappa value) between the 

three radiologists in terms of the descriptions of the US characteristics was determined for the 

nodule evaluations using only the grayscale images and those made using both the grayscale 

images and CAD system. The level of agreement for Cohen’s kappa was defined as follows: 

< 0.20, poor agreement; 0.21–0.40, fair agreement; 0.41–0.60, moderate agreement; 0.61–0.80, 

substantial agreement; and > 0.80, as good agreement. Statistical analyses were performed 

using SAS software version 9.4 (SAS Institute, Cary, NC).
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Results

Of the 200 patients initially enrolled in the study, 197 were included in the final cohort 

for analysis (Table 1). Three patients were excluded because the size of their target nodule was 

smaller than 1 cm. Final diagnosis of the thyroid nodule was confirmed in 165 patients (benign: 

n = 140, 84.8%; malignant: n = 25, 15.2%). The pathological subtypes of the malignant 

nodules were PTC (n = 24) and FTC (n = 1).

Diagnostic performance and added value of the CAD system

Diagnostic performance was assessed using the 165 patients with thyroid nodules with 

a final diagnosis. The diagnostic accuracy was 88.48 (95% CI, 82.65–92.53) for the CAD 

system and 83.03 (95% CI, 76.52–88.02) for the resident and fellow radiologists, which leads 

us to conclude that, with a 10% non-inferiority margin, the CAD system shows non-inferiority 

compared with the resident and fellow radiologists (P = 0.00001). However, the diagnostic 

accuracy of the CAD was inferior to that of the staff radiologist (95.76, 95% CI = 91.37–97.96; 
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Table 1. Characteristics of the study subjects

Parameter Value

Mean age (year) 51.4 (20–94)

Sex, n (%)

Women 

Men

163 (82.7%)

34 (17.3%)

Final diagnosis, n (%)

Benign 

Malignant 

165

140 (84.8%)

25 (15.2%)

Diagnostic method, n (%)

Benign 

Surgery

CNB or FNA

US finding

Malignant

Surgery

CNB or FNA

1 (0.7%)

135 (96.4%)

4 (2.9%)

19 (76%)

7 (24%)
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P = 0.13844) (Table 2). 

The sensitivity and NPV of the CAD system were significantly higher than those of 

the resident and fellow radiologists, but were not significantly different to those of the staff 

radiologist. The diagnostic accuracy, specificity, and PPV of the CAD system were 

significantly lower than those of the staff radiologist, but were not significantly different to 

those of the resident and fellow radiologists (Table 3). 

When the radiologists subjectively combined the grayscale images and CAD, the 

diagnostic accuracy, sensitivity, PPV, and NPV slightly improved for all three radiologists, 

although the differences did not reach statistical significance (Table 4). The specificity was 

also slightly improved for the resident, but showed no change for the fellow and staff

radiologists. For the conjunctive combination analysis of the CAD system and grayscale 

images, the sensitivity and NPV of the resident and fellow were significantly improved, while 

the specificity and PPV decreased (Table 5). However, for the staff radiologist, the conjunctive 

combination resulted in significantly decreased specificity, PPV, and diagnostic accuracy, 

without a significant improvement in sensitivity and NPV.
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Table 2. Non-inferiority test for diagnostic accuracy between the CAD and radiologists

CAD Resident Fellow Staff P-value1a P-valueb P-valuec

Accuracy 88.5 

(82.7–92.5)

83.0

(76.57–87.99)

83.0

(76.57–87.99)

95.8

(91.5–97.93)

0.00001 0.00001 0.138

a P-value of the CAD system versus the resident radiologist; b P-value of the CAD system 

versus the fellow radiologist; c P-value of the CAD system versus the staff radiologist.

CAD, computer-aided diagnosis
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Table 3. Diagnostic performance of the computer-aided diagnosis system and the three radiologists with different levels of experience

a P-value of the CAD system versus the resident radiologist; b P-value of the CAD system versus the fellow radiologist; c P-value of the CAD system 

versus the staff radiologist.

CAD, computer-aided diagnosis; PPV, positive predictive value; NPV, negative predictive value.

CAD Resident Fellow Staff P-valuea P-valueb P-valuec

Diagnostic 

accuracy

88.48 

(82.65–92.53)

83.03 

(76.52–88.02)

83.03 

(76.52–88.02)

95.76 

(91.37–97.96)

0.139 0.083 0.005 

Sensitivity 92 

(73.06–97.99)

64

(44.00–80.09)

72

(51.78–86.03)

84

(64.31–93.86)

0.008 0.025 0.157

Specificity 87.9

(81.33–92.32)

86.4

(79.70–91.17)

85

(78.09–90.01)

97.9

(93.57–99.31)

0.715 0.394 0.000

PPV 57.50

(41.96–71.69)

45.71

(30.22–62.09)

46.15 

(31.35–61.67)

87.50 

(67.62–95.91)

0.158 0.092 0.000 

NPV 98.40

(93.83–99.6)

93.08 

(87.23–96.36)

94.44 

(88.80–97.33)

97.16 

(92.69–98.93)

0.007 0.021 0.212 
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Table 4. Added value of the computer-aided diagnosis system for the diagnosis of 

malignant thyroid nodules according to the experience level of the radiologists

Without CAD With CAD P-value

Accuracy

Resident

Fellow

Staff

83.03 (76.52–88.02)

83.03 (76.52–88.02)

95.76 (91.37–97.96)

84.24 (77.86–89.04)

84.85 (78.54–89.55)

96.36 (92.14–98.36)

0.414

0.083

0.317

Sensitivity

Resident

Fellow

Staff

64 (44–80.09)

72 (51.78–86.03)

84 (64.31–93.86)

68 (47.84–83.12)

72 (51.78–86.03)

84 (64.31–93.86)

0.317

N/A

N/A

Specificity

Resident

Fellow

Staff

86.43 (79.7–91.17)

85.00 (78.09–90.01)

97.86 (93.57–99.31)

87.14 (80.51–91.75)

87.14 (80.51–91.75)

98.57 (94.47–99.64)

0.655

0.083

0.317

PPV

Resident

Fellow

Staff

45.71 (30.22–62.09)

46.15 (31.35–61.67)

87.50 (67.62–95.91)

48.57 (32.74–64.7)

50.00 (34.22–65.78)

91.30 (71.12–97.82)

0.396

0.084

0.308

NPV

Resident

Fellow

Staff

93.08 (87.23–96.36)

94.44 (88.8–97.33)

97.16 (92.69–98.93)

93.85 (88.18–96.89)

94.57 (89.05–97.39)

97.18 (92.74–98.94)

0.290

0.141

0.368

CAD = computer-aided diagnosis, PPV = positive predictive value, NPV = negative predictive 

value
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Table 5. Added value of the computer-aided diagnosis system for the diagnosis of 

malignant thyroid nodules according to the experience level of the radiologists with 

conjunctive combination analysis

Without CAD With CAD P-value

Accuracy

Resident

Fellow

Staff

83.03 (76.52–88.02)

83.03 (76.52–88.02)

95.76 (91.37–97.96)

80.00 (73.2–85.42)

82.42 (75.85–87.5)

88.48 (82.65–92.53)

0.317

0.808

0.005

Sensitivity

Resident

Fellow

Staff

64 (44–80.09)

72 (51.78–86.03)

84 (64.31–93.86)

92 (73.06–97.99)

92 (73.06–97.99)

92 (73.06–97.99)

0.008

0.025

0.157

Specificity

Resident

Fellow

Staff

86.43 (79.7–91.17)

85.00 (78.09–90.01)

97.86 (93.57–99.31)

77.86 (70.23–83.97)

80.71 (73.34–86.43)

87.86 (81.33–92.32)

0.005

0.083

0.000
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Interobserver variability in the recording of US characteristics and the effect of the CAD 

system

Table 6 shows a summary of the interobserver variability in the US characteristics 

defined by the three radiologists before and after application of the CAD system. With the 

exception of shape (kappa = 0.034), moderate agreement was seen for all characteristics 

(kappa = 0.47–0.63), and they showed no significant difference after the CAD system was 

applied. The kappa value for shape was very low because of the possibility of the agreement 

occurring by chance. The proportions of ovoid shapes were 100%, 94.9%, and 99% for the 

resident, fellow, and staff radiologists, respectively.
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Table 6. Comparison of Kappa values between the three radiologists before and after 

application of the computer-aided diagnosis system

CAD = computer-aided diagnosis.

Kappa value

3 radiologists CAD-assisted 3 radiologists

Composition 0.603 0.627

Echogenicity 0.596 0.601

Shape 0.034 0.034

Orientation 0.533 0.563

Margin 0.473 0.479

Calcification 0.634 0.638
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Discussion

This study demonstrated the diagnostic performance of a thyroid CAD system in 

comparison with radiologists with various levels of experience. In terms of the primary 

outcome, the diagnostic accuracy of the CAD system was non-inferior to that of the resident 

and fellow radiologists with 1 month and 4 years of experience on thyroid US, respectively, 

whereas the CAD system was not demonstrated to be non-inferior to the staff radiologist. In 

terms of the secondary outcomes, the sensitivity and NPV of the CAD system were 

significantly higher than those of the resident and fellow radiologists, but were not 

significantly different to those of the staff radiologist. The conjunctive combination of the 

grayscale US and CAD system significantly improved sensitivity and NPV for the resident 

and fellow radiologists, but resulted in a reduced specificity and PPV. Therefore, we suggest 

that the CAD system may offer support for decision-making in thyroid cancer diagnosis for 

operators with less experience in thyroid US.
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Recently, several studies have reported comparable diagnostic performance for the 

CAD system and experienced radiologists (12,13,16,18,19). In the present study, we also 

found that the CAD system had high sensitivity (92%) and NPV (98.40%), with these being 

not statistically different to those of the staff radiologist (84% and 97.16%, respectively). 

However, the specificity and NPV of the staff radiologist were significantly higher (97.9%) 

than those of the CAD system (87.9%). Overall, the diagnostic accuracy of the CAD system 

was inferior to that of the highly experienced radiologist (staff radiologist). For the less-

experienced radiologists, (fellow and resident) the situation was different, with the sensitivity 

and NPV of the CAD system being significantly higher than those of the less-experienced 

radiologists, and there being no significant differences in specificity and PPV. Overall, the 

diagnostic accuracy of the CAD system was non-inferior to the diagnostic accuracies of the 

less-experienced radiologists. 

The effect of the CAD system on the radiologists’ performance in diagnosing 

malignant thyroid nodules on US was also assessed according to the experience level of the 

radiologists. When the radiologists used the grayscale US and CAD system in combination 
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subjectively, their diagnostic performance slightly increased, although the differences did not 

reach statistical significance. The conjunctive combination analysis showed a significant 

increase in the diagnostic sensitivity and NPV of the less-experienced radiologists, although 

the specificity decreased. The high sensitivity and NPV would be useful for ruling out disease 

in clinical practice. Therefore, the less-experienced radiologists may benefit from a 

conjunctive combination of grayscale images and the CAD system, to rule out malignant 

thyroid nodules and ultimately avoid unnecessary FNA.

In this study, we recruited consecutive patients who visited the outpatient clinic for 

thyroid nodules, and this led to a realistic proportion of malignant thyroid nodules (15.2%). In 

previously published studies concerning application of the CAD system to thyroid US 

(12,13,16,18,19), the proportions of malignant thyroid nodules ranged from 42% to 69%. This 

difference may be the cause of our finding of a relatively low PPV for the CAD system (57.5%) 

in comparison with other studies (72.2–83.3%). Considering that only 5–15% of patients with 

thyroid nodules will be diagnosed with thyroid cancer, the low PPV should be considered when 

the CAD system is used in clinical practice. In addition, considering that one of the limitations 
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of US is the moderate to substantial interobserver variability, we analyzed whether agreement 

in the characterization of nodules was improved by the addition of CAD. Although the kappa 

score showed a slight increase in all characteristics, there was no significant difference. The 

low effect of the CAD system on improving interobserver variability between the radiologists 

may be related to poor segmentation of the nodules (13). Future technical improvements to the 

segmentation would be of substantial benefit for nodule characterization.

This study has several limitations. First, this study was performed in a single tertiary 

referral center, which means that there could be some selection bias. Large-scale multicenter 

studies are needed in the future to validate and generalize the findings. Second, the value of 

the CAD system was not evaluated for thyroid nodules with indeterminate cytological results, 

because thyroid nodules without a decisive diagnosis were excluded. Furthermore, thyroid 

nodules smaller than 1 cm were excluded to enable clear CAD diagnoses. These exclusion 

criteria might have influenced the diagnostic performance of the CAD system. Third, the 

thyroid US CAD system could not evaluate the calcification of thyroid nodules. Further 
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technical developments are needed to improve the performance of the CAD system in this 

respect.

.
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Conclusion

The diagnostic accuracy of the CAD system was non-inferior to that of radiologists 

with less experience on thyroid US, whereas it was inferior to that of the staff radiologist. The 

conjunctive combination of the grayscale US and CAD system significantly improved 

sensitivity and NPV for the less-experienced radiologists, even though it caused a deterioration 

in specificity and PPV. Therefore, less-experienced radiologists may benefit from a 

conjunctive combination of grayscale US and the CAD system to rule out malignant thyroid 

nodules and ultimately avoid unnecessary FNA.
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국문요약

목적: 

초음파를 이용한 갑상선 결절의 평가에 있어서 Computer-aided diagnosis (CAD)

시스템과 각각 다른 경험 수준을 가지고 있는 영상의학과 의사들과의 진단능을

비열등성 연구로 비교하고자 한다.

연구대상 및 방법:

본 연구는 본원 Institutional Animal Care and Use Committee의 심의를 통과하

였다. 2017년 11월부터 2018년 9월까지 양성 혹은 악성으로 확실한 진단이 내려

진 갑상선 결절을 가진 환자군을 모집하였다. 초음파 영상 분석은 각각 1달, 4

년, 7년의 갑상선 초음파 경험을 가지고 있는 3명의 영상의학과 의사가 시행하

였다. 1달, 4년의 갑상선 초음파 경험을 가진 영상의학과 의사들을 less-

experienced 군으로 7년의 경험을 가진 영상의학과 의사를 experienced 군으로

설정하였다. 영상분석은 3명의 영상의학과 의사가 독립적으로 갑상선 초음파 영

상 단독과 갑상선 초음파 영상에 CAD system을 추가로 하였을 때의 갑상선 결절
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의 초음파에서 보이는 특징과 진단을 기록하였다. 통계학적인 분석은 악성 갑상

선 결절을 진단하는데 있어서 CAD system과 3명의 영상의학과 의사의 진단능에

대한 비열등성 시험을 비열등성 마진 10%로 설정하여 비교를 하였다. 또한 추가

로 CAD system과 3명의 영상의학과 의사의 진단수행도를 비교하고, CAD system의

부가가치를 분석하였다.  

결과:

전체 165명의 양성결절과 25명의 악성결절을 가진 총 197명의 환자가 본 연구에

참여하였다. CAD system의 진단능은 88.4% (95% confidence interval (CI) = 

82.65–92.53)로, 2명의 less-experienced 군의 진단능인 88.4% (95% CI = 76.52–

88.02)와 비교시 비 열등하였고 (P < 0.001), experienced군의 진단능인 95.76% 

(95% CI = 91.37–97.96)와 비교시에는 열등한 것으로 확인되었다 (P = 0.138).

진단수행도 비교분석에서 CAD system의 민감도와 음성예측도가 less-

experienced 군에 비하여 통계학적으로 유의하게 높았지만 experienced 군과는

의미있는 차이를 보이지 않았다. conjuctive combination으로 CAD의 added value
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를 분석하였을 때, CAD system의 적용은 less-experienced군에서 specificity와

양성에측도는 감소하였지만 통계학적으로 유의한 민감도와 음성예측도의 증가를

보였다. 

결론:

갑상선 결절에 대한 초음파 평가에 있어서 CAD system의 적용은 갑상선 초음파

에 경험이 부족한 의사들에게 악성 갑상선 결절에 대한 의사결정에 도움을 줄

수 있다.
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