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[Abstract] Objective To analyze the clinical application value of fully
autonomous ultrasound scanning robots in the differential diagnosis of
benign and malignant thyroid nodules. Methods A total of 160 patients
with thyroid nodules who underwent fully autonomous ultrasound scanning
robot examination and received pathological confirmation between
November 2022 and June 2025 were selected. All patients underwent both
fully autonomous ultrasound scanning robot examination and manual
examination by senior ultrasound physicians, with pathological results
serving as the gold standard to compare the efficacy of the two methods.
Results The fully autonomous ultrasound scanning robot and manual
ultrasound demonstrated good consistency in detecting ultrasound
characteristics (Kappa values ranging from 0.78 to 0.95; 95% confidence
interval: 0.71-0.98), with no statistically significant differences (P>
0.05). In terms of C-TIRADS classification, no Category 5 nodules
(highly malignant) were identified in the sample. Categories 4B and 4C
nodules were combined into Category 4B/4C due to limited sample sizes
(11 and 14 cases, respectively) to enhance statistical power. Both
methods showed good diagnostic consistency for Categories 2, 3, 4A, and
4B/4C nodules (P> 0.05). The diagnostic accuracy of the fully autonomous
ultrasound scanning robot was 93.13% (146/160), compared to 91.25%
(149/160) for manual ultrasound (P> 0.05). The average examination time
of the robot was slightly longer than that of manual examination (P
<0.05), while image quality scores were slightly lower (P <0.05). There
was no significant difference in patient satisfaction with the
examinations between the two groups (P> 0.05). Conclusion In the
differential diagnosis of benign and malignant thyroid nodules, the use
of a fully autonomous ultrasound scanning robot demonstrates high
accuracy and reliability. While showing no significant difference in
diagnostic accuracy compared to manual ultrasound, it requires longer
scanning time and exhibits slightly inferior image quality. The robot
offers advantages such as standardized scanning protocols and strong
reproducibility, making it an effective auxiliary tool for thyroid
nodule screening and diagnosis. It is particularly suitable for primary
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healthcare institutions, large-scale screening programs, and scenarios
requiring stringent scanning standardization, demonstrating significant
potential for widespread adoption.

[Keywords]Fully autonomous ultrasound scanning robot;Thyroid nodule;
Benign-malignant differentiation; C-TIRADS classification
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