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A tongue can reflect the physiological and pathological condition of the body. We aim to review the past, present, 
and future aspects of the tongue inspection and diagnosis. Tongue inspection and diagnosis is a unique diagnostic 
method applied in TCM clinical practice for thousands of years. The normal tongue feature should be flexible, 
slightly moist and light red body with a thin white coating. Abnormal tongue features could reflect the pathological 
changes of certain diseases. Through observing the changes about the color, shape, fissure, red dot, ecchymosis, 
and the moisture in the tongue coating and body color, TCM physicians can find the internal organ disease and the 
severity of the disease. In the past, traditional tongue diagnosis depends on the doctor’s subjective and qualitative 
observation. Now modernized tongue inspection and diagnosis for objectivity and quantification is necessary. 
Computerized automatic tongue diagnosis system for tongue diagnosis can aid TCM physicians in capturing 
quantitative features to improve reliability and consistency of diagnosis. AI-driven tongue diagnosis with mobile 
App may be developed for health diagnosis in the future.
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Introduction
The classical clinical examination in traditional Chinese 

medicine TCM includes four methods such as inquiry, inspec-
tion, auscultation and olfaction, and palpation. Based on the data 
collected by the four diagnostic methods, they can reveal where 
the disease is. Tongue diagnosis is a noninvasive observation 
method for thousands of years to understand the pathological 
changes of the body. According to the fundamental principles 
about “ a part reflects the whole” and “ abnormal external mani-
festations reflect internal organ diseases”, abnormal tongue fea-
tures could reflect the overall disharmony of the body. 

Past: subjective and qualitative tongue inspection and diag-
nosis

In classical clinical practice of tongue diagnosis, TCM phy-
sicians observe tongue characteristics, such as the color, shape, 
fissure, red dot, ecchymosis, the coating and the moisture of a 
patient before deducing the ailment. The tongue can be divided 
into five areas. Various areas of the tongue reflect the disharmony 
state of the internal systems. According to the classical theory 
of Neijing, different abnormal parts of the tongue features can 
reflect the pathological changes of the corresponding internal or-
gans. The tip of the tongue reflects the disease of the heart and 

lungs systems; the middle part of the tongue reflects the disease 
of the spleen and stomach systems; the root of the tongue reflects 
the disease of the kidney system; both sides of the tongue reflect 
the disease of the liver and gallbladder systems.

The normal tongue feature should be flexible, slightly moist 
and light red body with a thin white coating. Slight moist of the 
tongue indicates the intact body fluid. A normal body color should 
be light red. Pale, red, deep-red, purple, and blue can be abnor-
mal color. Another normal tongue coating should be thin white. 
White, yellow, grey, and black can be abnormal coating. Tongue 
coating, including its biology (epithelial cells, blood cells, vas-
cular endothelial cells, and bacteria) and its metabolites could 
provide useful information for disease diagnosis [1]. Abnormal 
tongue features can help TCM physicians to understand what is 
happening inside the patient’s organ systems. Through observing 
the subjective and qualitative changes in the tongue coating and 
body color, TCM physicians can find the internal organ disease 
and the severity of the disease. For example, a pale tongue may 
be anemia or deficiency of blood; a dry and red tongue without 
coating may be sicca syndrome or deficiency of yin; a dry and 
red tongue with yellow coating may be inflammation or heat pat-
tern; a stiff and not flexible tongue may be stroke or interior wind 



Jpn J Med 2020,3:1

www.japanjournalofmedicine.com

453

lesion.
Traditional tongue diagnosis depends on the doctor’s sub-

jective and qualitative observation. However, diagnosis data col-
lected through observation by physician is often biased by sub-
jective judgment, limited by personal knowledge, experience, 
thinking patterns, diagnostic skills, environmental lighting and 
color perception/ interpretation. The lacking of precise or exist-
ing quantifiable standards is reflected on the facts that different 
practitioners may reach disparate judgments on the same tongue, 
while a practitioner may pass different diagnoses on the identical 
tongue examined at different time. It was reported that the mean 
intra-practitioner agreement reached 61%, while the inter-practi-
tioner agreement was as low as 18.2% between 30 practitioners 
observing 10 tongue images [2]. Such inconsistency causes many 
people to question TCM as an unscientific, subjective method. 
In light of these aforementioned pitfalls, efforts on seeking the 
help of modern computer technology to assist TCM practitioners 
to establish reliable diagnoses by providing standardized proce-
dures as well as objective, reliable, and quantified data. In order 
to be employed in clinical inspections, the equipment developed 
shall be able to cope with variable orientation and forces applied 
in extruding tongue and environmental lighting variations.

Present: objective and quantitative tongue inspection with 
modern tongue diagnosis equipment
Standalone system

With the advances of image capturing hardware and pat-
tern recognition techniques, many computerized tongue image 
analysis systems were developed [3]. They differ in terms of the 
hardware components, e.g. camera, light source, color bar spa-
tial arrangement, etc., color calibration, tongue segmentation, 
number and type of tongue features extracted. Another import-
ant factor that shall take into account is whether the efficacy of 
tongue diagnosis data derived from the specific equipment has 
been validated.

Take the automatic tongue diagnosis system (ATDS) devel-
oped by one of the author as an example [4], as shown in Fig. 1. 
The ATDS was developed to automatically perform tongue seg-
mentation and feature extraction to assist the diagnosis of TCM 
practitioners. Moreover, the intra- and inter-observer agreements 
of the ATDS and TCM practitioners have been conducted[4]. 
The ATDS is shown to be more consistent with significantly 
higher intra-agreement than the TCM doctors (kappa value: 0.93 
± 0.06 versus 0.64 ± 0.13) with P < 0.001 (Student’s t-test). In-
ter-agreements between the ATDS and TCM doctors, as well as 
among the TCM doctors are both moderate. Intra-rater agree-

Figure 1. Modularized ATDS. Image acquisition and analysis are performed 
through a tablet.

ment between direct subject tongue inspection and objective 
tongue image inspection was good (Cohen κ range 0.69-1.0) [5].

ATDS includes two major portions: image capturing and 
feature analysis. The consistency and stability of image captur-
ing relies on brightness and color calibration to compensate for 
variation such as intensity and color temperature of light source 
and imaging hardware, for example, the type of cameras or their 
settings including resolution, shutter speed, aperture, and white 
balance. Analysis of tongue images proceeds in two steps, name-
ly, isolation of the tongue region within an image and extraction 
of tongue features. The purpose of isolating the tongue region 
is to eliminate irrelevant lower facial portions and background 
surrounding the tongue, thereby facilitating feature identification 
and extraction. The extraction of tongue features employs criteria 
such as the aspect ratio, color composition, location, shape, and 
color distribution of the tongue, as well as the quantity of neigh-
boring pixels. Distinguishing characteristics employed in tongue 
diagnosis are extracted, such as tongue color, tongue fissure, fur 
color, fur thickness, ecchymosis, tooth mark, red dot, saliva, and 
tongue shape, to further generate detailed information regarding 
length, area, moisture, and number of fissures, marks, and dots. 
ATDS has since been employed in deriving the tongue indices 
for breast cancer [6, 7], diabetes mellitus [8, 9], rheumatoid ar-
thritis [10], and upper gastrointestinal disorders [11].

Objective and quantitative tongue inspection 
With the combination of subjective clinical experience of 

the TCM physician and objective diagnostic instrument of the 
automatic tongue diagnosis system, TCM physician can truly 
find different tongue features among different diseases, as shown 
in Table 1. 

Future tongue inspection and diagnosis
Mobile platform

There is a global rising demand for remote health monitor-
ing to improve the quality of health services by providing the 
point-of-care (POC) diagnostics. The tongue diagnosis system 
has a trend of miniaturization by shifting to the mobile platform, 
e.g., smart phone, to take advantages of the advances in imaging 
sensor, image processing algorithms, communication and cloud 
computing. Coupled with noninvasive biomedical measurement 
provided by wearable sensing, e.g., smart watch, long-term per-
sonal health management can be reached by remote monitoring 
tongue features and vital bio-data. The bio-metric, including 
heart rate, menstrual cycle, ECG, blood glucose, weight, etc., 
collected by smart watch, is transmitted to the smart phone[27], 

Figure 2. Tongue diagnosis, coupled with smart watch, to provide long-term 
health management by remote monitoring tongue features and vital biodata.
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as shown in Fig. 2. Along with the tongue image captured by the 
integrated phone camera, these bio-info is relayed to the cloud 
server for analysis and tracking. The person himself and desig-
nated doctor will be alerted if the health data fluctuate aberrantly 
or exceed preset upper/lower thresholds. Incorporating tongue 
diagnosis into the mobile platform will greatly increase the scope 
for wider application of tongue diagnosis in the upcoming future, 
including Western medicine.

AI-driven tongue diagnosis
There has been an explosion in researches employing artifi-

cial intelligence( AI ) for medical image interpretation including 
organ and lesion segmentation, disease detection and classifica-
tion, and assessment of response to treatment. Artificial intelli-
gence in which algorithms can “learn” from data by identifying 
relevant patterns, using structured data sets to modify themselves 
in order to derive outputs. Automated segmentation, determining 
the boundaries of an organ or lesion, is crucial as an AI applica-
tion for reducing the burden on doctors to perform segmentation 
manually. An AI-driven model to automatically segment tongue 
and extract relevant features with high degree of reliability there-
fore will find great clinical usefulness. 

Artificial intelligence is a branch of computer science that 
encompasses machine learning (ML), representation learning, 
and deep learning (DL) [28]. With tongue diagnosis in mind, the 
author performed preliminary studies to establish a unified AI 
model using convolutional neural network (CNN) with Unet++ 
architecture [29] (Fig. 3) to segment the tongue images acquired 
both through stand-alone ATDS and mobile phone. The AI ap-
proach is highly tolerant of variations in the image forming pro-

cess with much higher accuracy in tongue segmentation than the 
traditional counterpart. Using deep convolutional neural network 
for recognizing unhealthy tongue, the AI paradigm poses great 
potential for feature extraction and syndrome classification in the 
observation diagnosis [30]. 

Conclusion
On the basis of TCM tongue diagnosis, clinical moderniza-

tion of tongue diagnosis for objectivity and quantification is nec-
essary. Computerized tongue diagnosis can aid TCM physicians 
in capturing quantitative features to improve reliability and con-
sistency of diagnosis. AI-driven tongue diagnosis with mobile 
App may be developed for health diagnosis in the future.
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