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Reliability, Accuracy, and Use Frequency of Evaluation
Methods for Amount of Tongue Coating*

Su-Ryun Kim and Dong-Hyun Nam

ABSTRACT Objective: To classify the evaluation methods for amount of tongue coating (TC) and investigate
their reliability, accuracy, and frequency of use. Methods: Articles published from 1985 to 2015 were searched
for evaluation methods for the amount of TC in PubMed and the Cochrane Library. Only clinical researches were
included except protocol articles. The methods were classified according to their characteristics. Results: Finally,
113 articles were selected. The evaluation method for the amount of TC from the articles was classified into 4
types: intuitive, specificative, computerized, and weighing TC. The reliability in the intuitive and specificative
methods ( k =0.33-0.92) showed varying levels among the studies. In general, the amount of TC calculated by
the specificative method (Spearman's r=0.68—0.80) was more strongly related to the directly measured value
than to the value estimated by the computerized method (Pearson's r=0.442). The number of articles published
on this topic has increased consistently, and the specificative method was the most frequently used. Despite the
higher reliability of the computerized method, it has not been widely used. Conclusions: The high prevalence of
the specificative method would continue in clinical practice because of its convenience and accuracy. However,
to establish higher reliability, the limitation of the subjectivity of the assessors should be overcome through
calibration training. In the computerized method, novel algorithms are needed to obtain a higher accuracy so that

it can help the practitioners confidently estimate the amount of TC.
KEYWORDS tongue coating, evaluation methods, reliability, accuracy, frequency

Tongue diagnosis is used as an important
diagnostic method in traditional Korean medicine (TKM)
and Chinese medicine (CM) because the tongue rapidly
reflects physiological and pathological changes in the
human body."? The tongue is classified into tongue body
and tongue coating when it is examined. Tongue coating
(TC) is the fur-like matter attached to the dorsum of the
tongue; it consists of bacteria, metabolites, exfoliated
epithelium, leukocytes, and food waste.®® When the
practitioner examines the TC, its amount, color, humidity,
and exfoliation are considered. Among these factors, the
amount of tongue coating (ATC) is one of the primary
diagnostic points. In TKM and CM, TC is related to the
internal organs, especially digestive organs, and the ATC
reflects the severity of disease."¥ In Western medicine,
the main reason for evaluating TC is to assess the
sanitary conditions in the oral cavity; the ATC influences
the severity of halitosis®® and might be a risk factor for
diseases such as pneumonia.®©

For these clinical uses, various methods have been

developed for evaluating ATC. Until now, researchers
have used different methods for evaluating ATC; however,
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their reliability and accuracy have not been consistent in
terms of study results. This has hindered researchers from
discussing their findings with a high degree of accuracy.

There are some previous reviews” ™ dealing with
the evaluation of TC; however, they did not focus on
evaluating TC, especially the ATC. Therefore, the purpose
of this study was to classify the methods of evaluating
ATC, and to investigate their reliability and accuracy, and
the frequency of their use. Additionally, we want to present
ideas to improve the evaluation methods for ATC on the
basis of the information from our investigation.
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METHODS

In January 2016, we searched for articles involving
the evaluation methods for ATC, published during the past
30 years, from two online databases, PubMed and the
Cochrane Library. The search words were 'tongue coating'
or 'tongue coat' or tongue fur', accompanied by words such
as 'thickness', 'amount’, 'evaluation’, 'assessment', 'score’,
and 'index'. Only articles written in English were included.
We finally selected a total of 113 articles. The earliest of the
selected articles was published in 1992; we could find no
article matching the criteria before 1992. In some articles in
the final selection, the authors did not describe the details
of the method they used, but cited other papers using the
evaluation methods for ATC; in those cases, we reviewed the
cited papers to ascertain the details of the methods, although
these articles were not included in the selection criteria. The
search process is outlined in Figure 1. The methods were
classified according to their characteristics, and then their
reliability, accuracy, and frequency of use were investigated.

RESULTS

Classifications of Evaluation Methods for ATC
The evaluation method for ATC from the articles
was classified into 4 types: (1) the intuitive method; (2) the
specificative method; (3) the computerized method; and
(4) the weighing TC method, i.e., scraping the TC and then
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1st screening

Search word: (tongue coating OR tongue coat OR tongue fur)
AND (thickness OR amount OR evaluation OR
assessment OR score OR index)

Publication Date: January 01, 1985-December 31, 2015

Language: English

v v

PubMed Cochrane Library
189 articies 46 articies
[ ]

v

2nd screening
To check eligibility and overlapping by reading title and abstract

( 143 articies J

v

3rd screening
To check eligibility by reading full text

v

Final selection
113 articies

Figure 1. Process for Selecting
Articles about Tongue Coating

measuring its physical weight. The criteria for more detailed
classification were the following: ways and numbers of
division; range of the score; and evaluation indices (thickness/
distribution/both thickness and distribution). The summary of
each method for evaluating ATC is illustrated as Figure 2.

Intuitive Method
This method involved practitioners observing the

Specificative method

1. Entire type

2. Dividing type
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Figure 2. Summary of the Evaluation Methods for the Amount of Tongue Coating
Notes: The evaluation methods for ATC from the articles were classified into the intuitive, the specificative, the computerized, and

the weighing method.
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tongue with their naked eyes and assessing ATC by using
their intuition and previous experience. The simplest of the
intuitive method was to determine on a dichotomous scale
whether TC is present.®'*" Another method proposed by
Gross, et al”® in the 1970s was to give scores according
to the severity of ATC, and Cicek, et al® applied it. In this
method, they gave a score using 4 grades, from score 0
(no coating) to score 3 (severe coating). Moreover, there
were modified methods for the range of scores, """
such as 3 grades (thin/normal/thick).

Specificative Method

The specificative method involved evaluating ATC
with naked eyes according to predetermined criteria. This
method was classified into two subtypes: entire type and
dividing type. In the entire type, ATC of the whole tongue
was assessed simultaneously, accordance with the criteria
such as the distribution and the thickness of TC. This type
was sub-classified as the first author's name of the studies
which initially proposing the criteria: Miyazaki,”®*” Kojima®®"*?
and Oho.®*" Whereas, the dividing type was to divide
the dorsum of the tongue into several sections and then
gave a score for each section according to defined criteria
as the number of divisions and the way in which the score
was given. This type was also sub-classified: Gémez,"*"®
Lundgren,®*#2™ Shimizu,®®" Winkel,®*'428582104 it7
Lindenmidiller,"® Quirynen,”***'® and Riyang."* The details
of the specificative method were described in Appendix1.

Computerized Method

This method was the most objective for TC evaluation.
A tongue image was taken under a constant light source
and the tongue area was extracted from the background,
such as face, teeth, and lips. The ATC was then assessed
by a software program using various algorithms. Various
kinds of the equipment dealing with this process, called as
the tongue image analysis system (TIAS), were developed
and used.®#%171%9) Thg details were also explained as
Appendix 2.

Weighing TC Method

This was the most direct method, measuring the
weight of TC to evaluate ATC. There were two subtypes of
the measurement: wet weight and dry weight. Wet weight
type was used initially by Yaegaki and Sanada® in 1992. The
moisture on the tongue surface was cleaned with cotton rolls
or pulp tissue papers. The TC was scraped from the sulcus
terminalis to the apex of the tongue. Then, the wet weight of
TC was weighed for evaluating ATC.825#414279101110-119) pypy
weight type, initially proposed by Monteiro-Amado, et al*?
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was that the scraped wet TC should be dried for 24 h at room
temperature and then the dried TC be weighed.**""

Reliability of the Evaluation Methods for ATC

A description of the reliabilities of the evaluation
methods for ATC was found in a total of 17 articles. The
reliability was presented as various indices, such as
kappa (k) value, the percentage (%) of agreement, and
correlation coefficients (r). The reliability levels of each
method are summarized in Appendix 3.

For the intuitive method, Quirynen, et al"® presented
the reliability of the dichotomous scale; the inter-rater
reliability was 0.74, and intra-rater reliability was 0.85. Kim,
et al"® also reported that the inter- and intra-rater reliability
of the dichotomous scale was high when 30 raters assessed
10 tongue images twice (inter-rater agreement level was
80%—100%; 96.7% of the raters achieved over 80% intra-
rater agreement level). The reliability of the three-grade
scale in the intuitive method was studied by Kim, et al.®”
Sixty raters assessed 50 images of tongues and the TC
thickness of each image was determined by their majority
decision. While the match rate between an individual
assessor's decision and the majority decision varied from
58%—88%, inter-rater reliability between 24 assessors
over 80% was fair to good (Fliess' k =0.558) using Fleiss's
guidelines.™'® In the other study of Kim, et al® the inter-
rater reliability of five well-trained assessors was also fair
to good (Fleiss' k =0.563) and intra-rater reliability of each
assessor varied from 0.777 to 0.923 in weighted k value.

In the specificative method, the reliability of the
entire type had a quite wide range. According to guidelines
characterized by Landis and Koch,"'” the inter-rater reliability
of Miyazaki's method was almost perfect (« =0.92,°"
k =0.8“"). However, another study® reported that inter-
and intra-rater reliability were fair (x =0.33) and moderate
(k =0.42) respectively. The reliability of Kojima's method was
moderate (k =0.56-0.58).*® For Oho's method, inter- and
intra-rater reliability were both almost perfect ( « =0.82,°
k =0.9"%).

The reliability of the dividing type in the specificative
method also showed various levels. In Gémez's method,
the agreement rate between the raters was 58%, and within
the raters was 70% on average.”™ For Shimizu's method,
which was a clarified version of Gémez's, inter- and intra-
rater reliability (« =0.66, k =0.80) were better than those of
Gomez's.®” The inter-rater reliability of Lundgren's method
was studied in two different ways. In the study by Chérel, et
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al™ the relationship between scores by the raters was very
strong (Pearson's r=0.9); however, in the study of Lundgren,
et al® the relationship was relatively weak (Pearson's r=0.48).
The relationship was strong when score 1 was removed
in Lundgren's method (Pearson's r=0.93).® In the case of
Winkel's method, intra-rater reliability was almost perfect
(k =0.871).°% Inter-rater reliabilities were investigated in
two studies. In the study of Hitz Lindenmiiller, et al’® it was
substantial (k =0.654). The other study performed by Kim, et
al® applied Winkel's method in two different ways: inspection
of the real tongue and of the tongue images. The results of
the two methods were similar: Pearson's r was 0.762 for real
tongue and 0.773 for a tongue image. lleri Keceli, et al'®
reported that the test-retest reliability of Winkel's method
was high (Pearson's r=0.988). Moreover, the inter-rater
reliability of the dichotomized Winkel's method was 0.696 in
Pearson's .’ In the case of the computerized method, the
repeatability of the distribution ratio of TC using the TIAS was
almost perfect (weighted « =0.851) when analyzing tongue
images acquired twice at 30-min intervals from 60 functional
dyspepsia patients.®

Correlations between Weighing TC Method and
the Indirect Methods

In order to assess the accuracy of each method, the
relationships between the weighing TC method, which is
the most direct method, and the various indirect methods
were investigated. Spearman's rank correlation coefficients
between the wet weight of TC and scores in some kinds of
specificative method ranged from 0.68 to 0.8 (Miyazaki's
method 0.68; Winkel's method 0.8; dichotomized Winkel's
method 0.71).“" In the relationship between wet weight
of TC and scores from Lundgren's method, there was a
considerable difference according to the raters (Pearson's r
0.2-0.6), but in the dichotomized Lundgren's method,
the difference decreased (Pearson's r 0.69-0.75).% In
the computerized method, the correlation between wet
weight of TC and its distribution ratio using the TIAS was
not strong (Pearson's r = 0.442).*® There was a relatively
strong correlation between the wet weight of TC and its
dry weight (Spearman's r=0.81)."'"?

Frequency of Use

The numbers of the articles involving the evaluation
methods for ATC and the frequency of use of the methods
are presented in Figure 3 and Figure 4, respectively.
The number of articles has increased, with no article in
1985-1991 to 3 articles in 1992-1997, 12 in 1998-2003,
26 in 20042009, and 72 in 2010-2015. The evaluation
methods for ATC were used a total of 134 times in the 113
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selected articles; 15 articles used 2-5 kinds of method for
evaluating ATC, whereas 98 articles used only one method.
Through this investigation, we found that the specificative
method was used widely (90 times, 67.1%) and the
frequency and proportion of studies reporting this method,
especially for the dividing type, has increased constantly.
On the other hand, the intuitive method (17 times, 12.7%)
and the weighing TC method (16 times, 11.9%) were used
relatively rarely, and their proportions tended to decrease.
The computerized method was considered to be still in the
tentative stage because it was used just 11 times (8.2%),
but its frequency of use has increased rapidly since 2010.

100% T 9(10.5) 80
90%1— 7! 170
80% | -

6(17.6) 761 |

70% 11— 1(9.1) 56
2(66.7)

60%1— —+48
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N
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Number of articles

30%

20%
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1992-1997

= Specificative-Entire = Specificative-Dividing Weighing TC  sIntuitive Computerized

1998-2003  2004-2009  2010-2015
Figure 3. Number of Articles Involving the
Evaluation Methods for the Amount of Tongue
Coating (ATC) and the Proportion of Each
Method as Time Series [Times (%)]

Notes: The line graph presents the change in the number of
articles including the evaluation methods for ATC. The bar graph
shows the proportion of each method as time progressed. The
number of articles has increased constantly. The specificative
method was used widely and the number of studies reporting
this method has increased constantly. In contrast, the intuitive,
computerized, and weighing TC methods were used relatively rarely.

Aivang, T
Weighing TC Oho, 12

16 (11.9%)

Computerized
11 (8.2%)
Winkel, 21

Specificative-Dividing

42 (31.3%) X X
Shimizu, 8 Miyazaki, 25

Gomez, 4

Figure 4. Total Proportion of Each Method and the
Frequency of the Specificative Method [Times (%)]

The frequency of use of each subtype in the
specificative method was also counted. The entire type
of the specificative method was used 48 times (35.8%).
Miyazaki's method was the most frequently used,
followed by Oho's and Kojima's method. The dividing
type was used a total of 42 times (31.3%). Winkel's
method was most frequently used of the dividing type and
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the other methods used frequently were in the following
order: Shimizu's, Gomez's and Lundgren's, Quirynen's,
and Hitz Lindenmdiller's and Riyang's method (Figure 4).

DISCUSSION

The reliability in the intuitive and specificative methods
showed varying levels, according to the study. In the intuitive
method, assessors would judge the ATC depending solely
on their intuition and experience, so a lack of consistency
within raters is unavoidable. In the specificative method, as
well as the intuitive method, there was still a problem with
inter-rater reliability. In the case of Miyazaki's method, the
inter-rater reliability was evaluated by three different teams:
s reported that its inter-rater reliability was
almost perfect, whereas the other team® showed that it was
just fair. When the inter-rater reliability of Lundgren's method
was also evaluated twice by almost the same team, it was
revealed that there was a remarkable difference between the
reliabilities found in the two evaluations.®*”® On the contrary,
the reliability of the computerized method was relatively
higher than that of the other methods. The higher reliability
of TIAS was also reported by other studies.""®"'® The results
implied that the intuitive and specificative methods could
be affected by the subjectivity of the assessors even if well-
defined criteria were provided. To overcome the subjectivity,
Han, et al"® emphasized the importance of the calibration
training for clinical practitioners. As our investigation, the
inter-reliabilities were high when the assessors underwent
calibration training prior to the experiment.®">™

two team

Nevertheless, the reliability tended to increase as
the criteria were simplified in the specificative method. The
reliability of Lundgren's method,"® a simplified version of
Gomez's with regard to the number of tongue sections,
was better than that of Gémez's,” and the reliability of the
dichotomized Lundgren's method was better than its original.
This tendency was maintained also in the intuitive method;
when we compared the reliability of the dichotomous scale
type"®'™® and the several grades type,?** the dichotomous
method was more reliable. Considering that as the number
of grades increases, the vague boundary areas where
the raters are reluctant to judge would also increase, this
tendency could be understood. However, the reduction in
the number of grades could deplete the accuracy and could
make researchers lose plenty of information for ATC. In
particular, clinical data obtained through a simplistic method
may not be sufficient, because the ATC needs to be
minutely and elaborately evaluated for pattern identification
in TKM and CM. Therefore, it is necessary to take into
account both the reliability and the resolution of the method.
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In order to find out the accuracy of each method, we
investigated the relationships between weighing TC and the
other methods. The accuracies of the specificative method
were similar to one another in our investigation, whereas the
ATCs evaluated by a TIAS were less accurate than those
from the specificative method. Even though the criteria were
given, the raters would assess the ATC in a comprehensive
way and it could improve the accuracy. On the other hand,
the computer used only the distribution rate of the TC;
therefore, in order to improve the accuracy of computerized
method, further various parameters for the ATC should be
studied, such as the color and humidity of TC.

Frequency of use of the intuitive method was not
high, although it is very simple to use. It seemed that
its resolution is too low to evaluate ATC elaborately.
Weighing TC method also showed low prevalence,
although it is the most direct method. We suppose that
it can make the patients feel discomfort such as nausea
or vomiting, making it inconvenient to apply in the
clinics. The specificative method, especially Miyazaki's
method, was used most frequently. We thought that the
high prevalence of the specificative method would be a
result of its substantial accuracy and convenience, and
its high prevalence would continue in clinical practice.
The computerized method was rarely used despite
its high reliability. This could result from the unclear
validity, unfamiliarity, and low penetration rate of the
commercialized TIAS.

This review could not cover all of the evaluation
methods for ATC. We only reviewed the articles written
in English. Moreover, we focused on ATC, so other
important factors in tongue diagnosis, such as the color,
shape, texture, crust and humidity of the tongue, were
excluded.

In summary, the specificative method was widely
used for evaluating ATC, but its reliability has not yet been
fully demonstrated. We recommend that the calibration
training for the assessors should be performed to improve
its reliability. The computerized method was not widely
used because of its unclear validity and unfamiliarity.
However, if novel algorithms are developed to evaluate
ATC more accurately, the computerized method can help
the practitioners evaluate ATC with confidence.
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