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Development and Clinical Validation of Computerized Tongue
Diagnosis Technology: A Systematic Review

Donghyun Nam*

Department of Biofunctional Medicine and Diagnostics, College of Korean Medicine,
Sangji University

Abstract

Background : Tongue diagnosis has been a fundamental diagnostic method in Korean
Medicine and Traditional Chinese Medicine for over 2,000 vyears. Subjective
interpretation and lack of standardization, however, limit reproducibility. This systematic
review analyzes technological development of computerized tongue diagnosis equipment
from 1988 to 2026 and evaluates clinical validity evidence.

Methods : Following PRISMA guidelines, we searched PubMed, CNKI, CiNii, and DBpia
without date restrictions through August 2026. Of the 337 records identified, 230 were
excluded after title/abstract screening: 107 full-text articles were assessed for eligibility,
and 48 further excluded (45 reviews or surveys; 3 out-of-scope empirical studies).
Fifty-nine empirical studies were included in the final synthesis.

Results : The 59 studies distributed as follows: AI/ML model development 28 (47.5%),
image acquisition processing 17 (28.8%), system integration 6, clinical validation 3,
health monitoring 2, image segmentation 2, hardware device development 1. Phase
distribution: through 2009, 12 studies: 2010-2019, 15: from 2020 onward, 32 (54.2%):
single-year peak, 19 in 2025. Key innovations include ultraviolet-wavelength imaging
and multi-region color mapping associated with TCM organ theory, with large-scale
validation demonstrating statistically significant associations between syndrome
symptoms and tongue characteristics. Only 33 of 59 studies (55.9%) achieved quality
scores of at least 7/10.

Conclusions : Computerized tongue diagnosis technology has matured in image
acquisition and segmentation algorithms, but clinical validation evidence remains
extremely limited, with only three observational studies identified; the dominance of
post-2020 publications reflects a transition to Al-integration research. Future priorities
include multi-center cohort studies, standardized protocols, public datasets, and
mobile-integrated real-time systems.

Keywords : tongue diagnosis, artificial intelligence, systematic review, tongue image,
development
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Publication Trend of TCM Tongue Diagnosis Research
(1988-2026)
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Figure 2. Temporal distribution of published studies. Phase 1 (through 2009): 12 studies
(20.3%) - basic digitization and thresholding methods, Snake algorithm, fuzzy logic systems.
Phase 2 (2010-2019): 15 studies (25.4%) - SVM, Random Forest, CIE-Lab color analysis,
GMM clustering, UV wavelength imaging. Phase 3 (from 2020): 32 studies (54.2%) - CNN
architectures (YOLOv8, U-Net), Transformer models, multi-modal fusion approaches,
large-scale clinical validation. Single-year peak occurred in 2025 with 19 studies, reflecting

rapid growth in Al-integration research.
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Figure 3. Distribution of research topics among included studies. Al Diagnosis Model (28,
47.5%); Image Acquisition Processing (17, 28.8%). System Integration (6, 10.2%). Clinical
Validation (3, 5.1%): Image Segmentation (2, 3.4%); Health Monitoring (2, 3.4%); Hardware
Device Development (1, 1.7%).
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