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Highlights
e  Partition of tongue into 5 regions according to association with different organs
e  Regional texture analysis of tongue in gray scale and L*a*b* for normal and chronic acidity patients
e  Intragroup analysis for comparing different regions within individual study group
e Intergroup analysis to compare between two groups based on each region

. Importance of regional textural analysis of tongue in quantitative studies

Abstract: Introduction: In Traditional Chinese Medicine (TCM), tongue diagnosis plays an important role.
Besides shape, colour and textural attributes of tongue regions have significance due to their association with
different organs (viz. heart, lung, kidney-bladder, liver-gallbladder and stomach-spleen) in health and disease.
Although numerous quantitative methods have been proposed to reduce inter and intra observer variability
in tongue diagnosis, almost all of them considered only global colour/ textural features i.e., from entire body
of tongue. In this work, regional colour and texture information of tongue have been analysed for healthy
subjects (NOM) and patients suffering from chronic acidity-indigestion (ACD). Methods: Tongue boundaries
are marked manually in each image and then tongue bodies are automatically partitioned into five regions
linked with said internal organs. Rough assessments of regions” boundaries are obtained from literature and
then they are fine-tuned according to experts’ advice. As boundaries are not well defined, regions near the
common boundary of two or more organs, are not assigned to any organ. Several first and second order
statistical features based on grey scale intensities and a* values of LAB colour space (indicative of redness) have
been extracted from five different regions of tongue images. Intragroup analysis using Wilcoxon signed rank
test compared different regions within individual study group. Additionally, intergroup analysis using
Wilcoxon rank sum test compared tongues of NOM with ACD for each region separately. Results: Intragroup
analysis reveals a* values are statistically different (p<0.01) between stomach-spleen and liver-gallbladder
regions for ACD while no significant change of a* are noted between these regions of normal tongue. It was
found from intergroup analysis that correlation (one of the second order texture features extracted from grey
scale images) of heart region has significantly decreased while correlation of kidney, liver-gallbladder and
stomach-spleen regions significantly increased from NOM to ACD. Conclusion: This study sheds light on
importance of inclusion of regional textural analysis of tongue in quantitative studies and can be applied to
automated tongue diagnosis for other diseases.

Keywords: TCM based tongue diagnosis; tongue colour; local texture; chronic acidity; GLCM; inter
and intragroup analysis
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1. Introduction

The tongue, a complex multifunctional organ, helps humans in chewing, swallowing food and
drink along with perceiving taste. As the safety and quality of the oral cavity’s content is transmitted
to the central nervous system through the tongue, it is a sensory organ [1]. Tongue is also a motor
organ as it aids in speech [1]. Tongue has a potential role in diagnostic practices of both modern and
traditional medicines like Ayurveda [2], acupuncture cum Traditional Chinese Medicine (TCM) [3].
As per TCM, tongue is connected to different meridians and the internal organs of the body [4]. Thus,
in TCM, tongue’s shape, colour and textural attributes are correlated with overall functional status
of the body, vital organs as well as their pathological deviations [4-6]. This body of knowledge is
known as the basis of tongue diagnosis [7-9]. Primarily the tongue body can be divided into five
parts viz. tip of the tongue (represents heart and lung), centre (represents stomach and spleen), two
sides (represents liver and gallbladder) and the back or the root (represents kidney, bladder, and
intestines) [10].

Various tongue features can be treated as the pre-disease indicators even in absence of significant
disease symptoms and thus these features can be utilized for preventive medicine and lifestyle
adjustment [6]. However, in practice this domain knowledge being qualitative, suffers from
subjectivity and inconsistency [11,12]. There are several works which quantitatively studied alteration
in tongue features from normal to disease conditions [4,7]. Variation of nine tongue features between
early stage breast cancer patients and non-breast cancer individuals were studied through an
automated tongue diagnosis system [13]. Features extracted from tongue images as well as tongue-
coating microbiota was associated with the occurrence and development of gastritis [14]. Hsu et al.,
2019 investigated discriminating tongue features to distinguish between type 2 diabetes mellitus
from non-diabetes mellitus individuals [15]. In another work, differences of oral microbial profiles
among different tongue coatings in chronic insomnia patients were studied [16]. Hence, computer-
aided tongue diagnoses have a great potential to provide more reliable and objective health
assessments. It can be noted that quantitative comparison of tongue in healthy persons and patients
suffering from acidity- indigestion or gastroesophageal reflux disease are scarce [17,18]. In our
previous work [17], the analysis done was mostly on categorical data describing different tongue
features. Kainuma et al., 2019 analyzedcolour in L*a*b* colour space from four different points of
tongue of patients suffering from gastroesophageal reflux disease [18].

Further, interpretable textural features like gray level co-occurrence matrix (GLCM), can provide
information on the spatial arrangement of pixel intensities [19]. Thirunavukkarasu et al.,, 2020
compared GLCM features of diabetes mellitus patients and normal from infrared thermal imaging of
tongue [20]. Textural changes especially second order statistics of tongue were not reported much
especially in patients suffering from acidity. Additionally, global texture of the whole tongue can lose
information about the local texture which is pivotal for quantitative studies. But, very few studies
[18,21,22] have quantitatively elucidated the relations/differences between features extracted from
different regions of tongue. Detailed analysis of the same may provide valuable clues about tongue
of healthy persons and how relationships among different regions change in disease conditions.

In the current study, tongue images of two groups (normal and chronic acidity-indigestion) were
captured in standard setting and first order statistics along with GLCM features were extracted from
five different tongue regions corresponding to five organs. Then, five different regions of tongue were
compared based on extracted textural features within each group as well as between two groups. To
the best of our knowledge, this type of region based inter and intragroup analysis of tongue was not
reported before.

2. Materials and Methods

2.1. Inclusion of Participants

Selection of normal healthy subjects (NOM) was done after taking full case history following
definite history sheet as per TCM [23]. Tongue were also assessed visually by three experts following
normal criteria of tongue as per TCM. Selection of patients suffering from acidity-indigestion (ACD)
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with or without other co morbidity like arthritis, diabetes, hypertension, insomnia etc. was done in
same pattern like normal subjects taking full case history. All the patients suffered for at least two
years from acidity. Routine examination of blood, stool, and urine was done to assess the general
health condition of the subjects. All parameters were within normal range for selected normal
subjects. Subjects were taken within the age limit of 18 to 65 years of both sex. Total 16 normal and
18 acidity-indigestion patients were selected for this work.

2.2. Tongue Image Acquisition

All the images were collected from image database of Indian Research Institute for Integrated
Medicine (IRIIM), West Bengal, India. Images were captured in a fixed setting using Nikon Coolpix
990. The filming distance between the subject and the camera was kept constant. All volunteers gave
informed consent before enrolling in the study.

Precautionary Measures Taken before Image Acquisition

Extension of the tongue: The participants were asked to look at the front horizontally in a sitting
position. They were asked to extend their tongues outward and slightly downward, and the surface
should be flat and not rolling. Care was taken not to have it extending outward by force lest its colour
should be influenced. The image was taken within 10s of the presentation of the tongue.

Coating colour: The tongue coating can be coloured by certain food or drugs e.g., olives, plum
or mulberries can make it yellow; smoking can make it grey, etc. Whenever the tongue coating did
not accord with the disease condition, ask the patient about diet and medication so as to avoid any
misunderstandings. The participants were asked to stop having betel leaf for at least 5-7 days and not
to take any coloured food item prior image collection.

All the participants were asked to rinse their mouth with plain water before imaging collection.

Figure 1 shows one sample from each study group.

Figure 1. Tongue images of A) Normal B) Acidity-indigestion.

2.3. Partitioning of Tongue in Different Regions

Tongue boundaries were manually contoured in each image. Then the whole tongue was
divided automatically into five regions correspond to five organs (heart, lung, kidney, liver-
gallbladder and stomach-spleen) (Figure 2) according the rules described below. The dimensions of
each region was initially chosen from literature [10,21,24] and then fine-tuned after discussing with
experts. As the boundaries of different regions are not well defined, spaces were kept in between
regions of two different organs (except heart and lung which did not have any space between them)
according to experts” advice.
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Figure 2. Partition of tongue in five regions (1: Heart, 2: Lung, 3: Kidney-bladder, 4: liver-gallbladder,
5: stomach-spleen). ABCD is bounding rectangle.

X axis of image increases in right and Y axis increases downwards. If coordinate of A (upper left
most corner point of bonding rectangle) is (x, y), then coordinates of other three corner points will be
as follows: B (x, y+L), C (x+W, y+L) and D (x+W, y).

Let’s define middle_x=x+W/2

Boundaries of each region were drawn as per below rules:

Heart: Circumference of circle correspond to heart passes through B, C of bounding rectangle
and a point having coordinate (middle_x, y+0.92L).

Lung: Circumference of circle correspond to lung passes through (x, y+0.92L), (x*W, y+0.92L)
and (middle_x, y+0.84L).

Kidney: Circumference of circle correspond to kidney passes through (x+0.07W, y), (x+0.93W, y),
(middle_x, y + 0.18L).

Liver-gallbladder: Y coordinate of three points on circumference of each of the two circles
correspond to liver-gallbladders are (y+0.2L), (y+0.6L) and (y+0.84L). X coordinates of first and third
points are the leftmost (for left circle) and rightmost (for right circle) x coordinate of the point on
tongue body having y coordinates as (y+0.2L) and (y+0.84L) respectively. X coordinates of second
point on left and right circle are (middle_x -0.7(middle_x -xg 1)) and (middle_x +0.7(middle_x-xg_1))
respectively where xg 1 is the leftmost x coordinate of the point on tongue body having y coordinate
as (y+0.6L).

Stomach-spleen: Two endpoints of the major axis of the ellipse correspond to stomach-spleen
are (middle_x, y+0.25L) and (middle_x, y+0.75L). Two endpoints of the minor axis are (xs., y+0.4L)
and (xs_r, y+0.4L) where xs_1=(middle_x -0.7(middle_x -xg_1) + 0.1W) and xs_r= (middle_x +0.7(middle_x-
xg.1) — 0.1W).

2.4. Textural Feature Extraction

All the tongue images were converted to gray scale and CIE LAB space. As CIE LAB is more
suitable to describe human colour perception [25] and a* (referred to as A colour plane hereafter)
value is widely used in automated tongue diagnosis [22], A colour plane of tongue images were
considered along with gray scale intensities for feature extraction. Positive a direction indicates shift
towards red. Light reflection from saliva caused some pixels having high luminance [22]. These pixels
should not be considered for feature extraction. For improving reliability, dynamic thresholds were
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chosen to remove outlier pixels. For each image, 5 and 95 percentiles of grey scale and a* values of
whole tongue body were calculated and values lying within these ranges only were considered for
feature extraction. This is especially required for GLCM study as outliers can significantly alter
GLCM values by changing lowest and highest bin limits.

The Grey Level Co-occurrence Matrix (GLCM) method is a way of extracting second order
statistical texture features by considering the relationship between adjacent pixels in the image. The
matrix formulates co-occurrence frequencies of two neighbouring pixels (iand j) to present relations
at different distances, d, and directions, O [19].In the present work, a distance d=1 and average of four
directions of ©6=0°, 45°, 90°, and 135° were used. Mean differences between 5 and 95 percentiles of
grey scale values of whole tongue body considering all images was 110. To reduce the computational
complexity and considering the grey scale span, four intensity bins had been considered. Bin limits
for each image were dynamically defined based on 5 and 95 percentiles of grey scale values of that
image. The following four GLCM features were used in this study.

Contrast = le —jl?p(, ) Homogeneity = ZM
— =1+ li —Jjl

i—m.)(j—m i,j o
Correlation = Z ( U UACT) Energy = Z p(i, j)?
ra O-TUC ra
ij ij
Where o, # 0and g, #0
Let

P() = ) pGi.j)and PG) = Y p(i.))
The}n l
m, = Z iP(i) and m, = ZjP(j)

i J
o2 = Z(i —-m?P(i) and ¢? = Z(}’ —m2)P(j)
i J

Seven features viz. mean, median, standard deviation, contrast, homogeneity, correlation and
energy were extracted from each region of grey scale images.

Three features viz. mean, median and standard deviationof a* values were extracted from each
region of tongue images. GLCM features were not considered as a* values of each tongue spanned a
very narrow region i.e., average difference between 5 and 95 percentiles of a* values of whole tongue
body considering all images was 25.

2.5. Statistical Analysis

Features were compared among different regions within each of the two study groups and
between the two groups. Wilcoxon signed rank test and Wilcoxon rank sum test were used for
intragroup and intergroup study respectively. p<0.01 was considered to be statistically significant.

3. Results and Discussion

Tongue diagnosis can be included as an auxiliary diagnosis to support the primary healthcare
system [26]. But as tongue diagnosis in TCM suffers from subjectivity, several objective approaches
have been proposed. Textural features including GLCM were extracted from tongue images to
classify diabetes mellitus patients and healthy participants [27]. Further, colour of different regions
of tongue provide information about different internal organs [21]. Consequently, computerized
tongue diagnosis based on different regions of tongue might improve the diagnostic accuracy [22,28].
In this work, tongue images of normal and patients suffering from chronic acidity-indigestion were
divided into five regions based on the method as described in section 2.3 (Figure 3).
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Figure 3. Examples of automated partitioning of tongues into 5 regions viz. heart, lung, kidney, liver-

gallbladder and stomach-spleen. For better visualization of zoning, only tongue boundaries of
original tongue images are shown.

In each of the below tables R1: Heart, R2: Lung, R3: Kidney, R4: Liver-Gallbladder R5: Stomach-
spleen and F1: Mean, F2: Median, F3: Standard deviation, F4: Contrast, F5: Homogeneity, F6:
Correlation, F7: Energy

3.1. Comparison of Textural Features among Different Regions of NOM Tongue

Table 1.1 shows that all the features were significantly different between heart and liver-
gallbladder regions while no difference was observed between lung and liver-gallbladder based on
grey scale values of normal tongue. Among all features, difference of only mean and median were
noted between heart and kidney, heart and liver-gallbladder, lung and kidney. Correlation was
significantly different between stomach-spleen (liver-gallbladder) and other organs except heart
(lung). Although neither mean nor median was different between kidney and liver-gallbladder,
correlation was different. Thus correlation has emerged as an important feature.

Table 1.1. p values @ 1% significance level showing the alterations between regions of NOM tongue
images in grey scale.

Features R1 R1 R1 R1 R2 R2 R2 R3 R3 R4

VS. VS. VS. VS. VS. VS. VS. VS. VS. VS.

R2 R3 R4 R5 R3 R4 R5 R4 R5 R5
F1 0.001 0.001 0.002 0.001 0.007 0.067 0.001 0.019 0.002 0.001
F2 0.001 0.001 0.002 0.004 0.01 0.132 0.001 0.041 0.117 0.001
F3 0.001 0.52 0.002 0.175 0.054 0.278 0.002 0.002 0.024 0.001
F4 0.005  0.042 0.01 0.014 0.638 0.067 0206 0365 0.083 0.054
F5 0.005 0.042 0.007 0.014 0.7 0.032 0.147 0.365 0.083 0.054
Fé6 0.175  0.638 0.01 0.019 0.24 0.067 0.002 0.003 0.002 0.001
F7 0.002 0.102 0.003 0.365 0.206 0.52 0.024 0.067 0365 0.014

No feature was significantly different between heart and lung as well as liver-gallbladder and
stomach regions when features were extracted from A colour plane of NOM tongue images (Table
1.2).

Table 1.2. p values @ 1% significance level showing the alterations between regions of NOM tongue
images in A colour plane.
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Features  R1 R1 R1 R1 R2 R2 R2 R3 R3 R4
VS. VS. VS. VS. VS. VS. VS. VS. VS. VS.
R2 R3 R4 R5 R3 R4 R5 R4 R5 R5
F1 0.765 = 0.001 0.007 0.024 0.001 0.001 0.002 0.001 0.001 1
F2 0.638 = 0.001 0.002 0.014 | 0.001 0.001 @0.002 0.001 @0.001 0.966
F3 0.206 1 0.32 0.002 0.123 0413 0.019 0.083 0.001 0.019

3.2. Comparison of Textural Features among Different Tongue Regions of Patients Suffered from Acidity-

Indigestion

In contrast to normal, all seven features extracted from grey scale images of ACD tongue were
different between heart and other four organs (Table 2.1). Similar to NOM, contrast and homogeneity
did not differ between lung as well as kidney and each of liver-gallbladder and stomach-spleen
region. Mean, median and correlation were different between all possible pairs. No differences of

standard deviation and energy were noted only between lung and kidney.

Table 2.1. p values @ 1% significance level showing the alterations between regions of ACD tongue

images in grey scale.

Features R1vs. RIvs. Rlvs. RlIvs. R2vs. R2vs. R2vs. R3vs. R3vs. R4vs.
R2 R3 R4 R5 R3 R4 R5 R4 R5 R5
F1 8.30E- | 8.30E- | 8.30E- | 8.30E- | 9.34E- | 8.30E- | 8.30E-06 | 0.002 | 1.20E- | 8.30E-
06 06 06 06 06 06 04 06
F2 8.11E- | 8.26E- | 8.24E- | 8.23E- | 9.29E- | 8.25E- | 8.26E-06 | 0.009 | 0.003 | 8.26E-
06 06 06 06 06 06 06
F3 8.30E- | 1.05E- | 8.30E- | 6.30E- | 0.732 | 8.30E- | 0.003088 | 9.34E- | 0.004 | 8.30E-
06 05 06 04 06 06 06
F4 9.34E- | 0.002 | 2.35E- | 7.84E- | 0.006 | 0.058 0.055 0.023 | 0.151 | 0.485
06 05 05
F5 9.34E- | 4.80E- | 1.18E- | 2.63E- | 0.007 | 0.101 0.144 0.026 | 0.159 | 0.439
06 04 05 05
F6 8.30E- | 8.30E- | 8.30E- | 1.10E- | 0.001 | 8.30E- 0.005 2.94E- | 2.10E- | 8.30E-
06 06 06 04 06 05 05 06
F7 8.30E- | 9.34E- | 8.30E- | 2.94E- | 0.174 | 8.30E- 0.002 1.18E- | 0.020 | 8.30E-
06 06 06 05 06 05 06

Similar to NOM, no feature extracted from A colour plane was significantly different between
heart and lung of acidic tongue (Table 2.2). In contrast to NOM, mean and median were different

between stomach-spleen and each of heart and liver-gallbladder.

Table 2.2. p values @ 1% significance level showing the alterations between regions of ACD tongue

images in A colour plane.

Features

R1
vs.

R2

R1 vs.
R3

R1 vs.
R4

R1 vs.

R5

R2 vs.

R3

R2 vs.

R4

R2 vs.
R5

R3 vs.
R4

R3 vs.
R5

R4 vs.
R5
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F1 0.439 8.30E- 4.57E-05 2.94E- 8.30E- 2.63E- 9.34E- 8.30E- 1.49E- 0.002
06 05 06 05 06 06 05
F2 0.849 8.30E- 3.29E-05 2.10E- 8.30E- 3.29E- 1.05E- 8.30E- 2.63E- 0.002
06 05 06 05 05 06 05
F3 0.082 0.517  0.000296 9.34E- 0.713 0.001 8.30E- 0.010 1.67E- 3.67E-
06 06 05 05

3.3. Region-Wise Comparison of Textural Features between NOM and ACD

Neither mean nor median was significantly different between NOM and ACD for any region of
grey scale images of tongue (Table 3.1). Standard deviations of both liver-gallbladder and stomach-
spleen regions have significantly increased from NOM to ACD (Figure 4.1). Contrast was
significantly decreased from NOM to ACD for all tongue regions and consequently reverse
phenomenon was observed for homogeneity (Figure 4.2). Contrast of stomach-spleen region of
normal tongue extended up to 0.35 which was highest among all values of contrast. Correlation
showed an interesting property. Correlation of heart region has significantly increased while the
same of kidney, liver-gallbladder and stomach-spleen regions decreased significantly from NOM to
ACD (Figure 4.2). Significant increase of energy from NOM to ACD was observed in both heart and
lung regions (Figure 4.2). Table 3.1 shows importance of considering second order features for heart,
lung and kidney region where none of mean, median or standard deviation was significantly
different between NOM and ACD while three or more GLCM features significantly altered between
two study groups.

Table 3.1. p values @ 1% significance level showing the alterations between NOM and ACD tongue

images in grey scale.

0.093

0.002 0.001 2.4E-04

0.032 0.035 0.584 1.4E-04 1.2E-04 0.365 7.82E-05

0.065 0.031 0.065 0.002 0.002 0.001 0.027

0.814 0.545 1.02E- 3.27E-06 6.67E-06  1.01E-05 0.920
08

0.462 0.234 0.004 0.003 0.003 6.23E-05 0.044

d0i:10.20944/preprints202407.0733.v1
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Figure 4.1. Boxplots showing region wise variation of mean, median and standard deviation between

NOM and ACD tongue images in grey scale. * signifies p<0.01.
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Figure 4.2. Boxplots showing organ wise variation of GLCM features between NOM and ACD tongue

images in grey scale. * signifies p<0.01.

A colour plane of tongue images revealed that mean and median a* values of kidney and
stomach-spleen regions have significantly decreased from NOM to ACD (Figure 5.1). No significant
difference of standard deviation was found between NOM and ACD in any region of A colour plane

of tongue images (Table 3.2).
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Figure 5.1. Boxplots showing organ wise variation of mean, median and standard deviation of a*
values between NOM and ACD tongue images. * signifies p<0.01.

Table 3.2. p values @ 1% significance level showing the alterations between NOM and ACD tongue
images in A colour plane.

Organ F1 F2 F3
Heart 0.107 0.099 0.251
Lung 0.107 0.086 0.659
Kidney 0.003 0.005 0.160
Liver- Gallbladder 0.015 0.015 0.052
Stomach-spleen 0.001 0.007 0.030

3.3.1. Significance of Findings from Tongue Color and Texture Analysis in the Light of TCM

In English there is no word to encompass the meaning of Qi but it is described through
transformation and movement. Taoism provides a conceptual framework for TCM and
understanding of Qi. It mentions that Qi is everywhere and profoundly interactive. In traditional and
contemporary TCM practice, Qi is understood through its context, type, function and by the
assessment of health and illness [29,30]. In certain qualitative terms, Qi is differentiated in human
body according to its source, function and distribution. These terms are yuan qi (primary qi), zong qi
(pectoral qi), ying qi (nutrient qi) and wei qi (defensive qi) and as per source they may be further
classified into congenital qi (like Yuan qi) and acquired qi (like zong qi, ying qi and wei qi). Again
congenital qi and acquired qi are dependent on each other for production and nourishment.

In the light of above discussion, tongue color change, i.e., the decreased redness in stomach-
spleen region in ACD compared to that of NOM (Figure 5.1) possibly indicated depletion of Qi in the
concerned zang-fu organs, in particular the spleen deficiency [30]. Additionally, textural analysis
revealed that all the tongue regions of ACD became more homogeneous compared to NOM (Figure
4.2). The loss of heterogeneity/ contrast in each region of tongue in ACD (Figure 4.2) was again very
indicative in the light of TCM. It possibly demonstrated the changes of normal structural and
functional diversity, including distribution of Qi of varied zang-fu organs as manifested through
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different regions of tongue in acidity patients [29,30]. This finding further supports the idea that
pathology means loss of information and normal heterogeneity [31].

4. Conclusion

Global textural analysis of tongue may obscure local information which is equally essential for
tongue diagnosis in TCM. Further, in majority of existing handful of reports on regional analysis of
tongue, the regions did not correlate directly to different organs. Current study has compared textural
features extracted from five different tongue regions which has direct association with internal organs
for healthy subjects and patients suffering from chronic acidity-indigestion. Inter and intra group
comparisons demonstrate how the relationships among different regions alter from NOM to ACD
and thus establish significance of local textural analysis. In future, finding from non-invasive imaging
techniques of different body organs in disease conditions can be correlated with features extracted
from corresponding regions of tongue for further validation. Inclusion of more study sample is
required in future to apply machine learning based techniques. Extending the present methodology
of regional analysis to other diseases may improve accuracy of computerized tongue diagnosis.
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