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R3 2MEBIABE THEBAFELL R (%)]

IR R AL 1) %% EE R & AR 25 FR 3G AT &
S F R 52(52.00) 43(43.00) 34(34.00)* 48(48.00)* 38(38.00)**
F Fe i 61(61.00) 30(30.00) 20(20.00) 30(30.00) 15(15.00)

VE 5 Fe R rkdr, #P<0.05, %4 P<0.01,

*x4 WATHREIXBEEERIMQ25,0Q75)]

*8 WMATRESXBEMAELEIMOQ25,Q75)]

R AR
F5 A7 75 PAA
A5 20 (10041 ) A2 R 28.(100 4] )

202.50(73.75,239.00) 222.50(62.25,239.00) -0.535 0.592
57.50(42.00,69.00)  53.00(43.00,63.00)  -1.278 0.201
139.50(121.00,168.50) 125.00(109.00,146.75) -3.116 0.002%*
130.00(113.25,141.75) 123.00(109.25,136.00) —2.004 0.045%*
a  154.00(147.00,158.00) 151.50(146.00,155.00) —1.998 0.046%*
b 137.00(131.25,142.75) 135.00(129.25,139.75) -1.873 0.061
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187.00(1.00,243.00)  191.50(3.00,238.00)  —0.380 0.704
24.00(1.00,35.00) 27.50(13.50,38.00) -1.338 0.181

143.00(1.00,168.75)  157.50(116.50,177.50) -2.322 0.020*
141.50(1.00,164.75)  156.00(117.00,174.75) -2.619 0.009%*
a  143.00(135.00,148.00) 145.00(140.00,150.00) -2.592 0.010%
b 127.50(15.25,133.00)  128.50(122.00,135.00) -2.099 0.036*
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i 5P A 4L A, #P<0.05, % P<0.01, HSI Lab &3 = 1A A0

x5 WATRE2XBEERIMQ25,075)]

i 5P A R4 A, #P<0.05, %% P<0.01, HSI. Lab &3 = 1A 20
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Jaiz RRAE 746 Pk o RRRE 246 P
% 7

; S B 28 (10041) F A2 52110041 ) : S 4110041 ) A0 B 2110041

H  229.00(106.25,244.00) 229.00(150.75,242.00) ~0.004 0.997 226.00(11.00,243.75) 235.00(155.00,250.00) —1.686 0.092

S 49.00(37.25,68.00) 46.00(34.00,57.75) -2.151 0.031*
I 144.00(118.75,168.75) 137.00(121.00,165.50) -0.717 0.473
L 135.00(116.00,150.00) 136.50(119.25,154.00) -0.876 0.381
a 153.50(146.00,158.75) 150.00(145.00,154.00) -2.531 0.011*
b 135.00(130.00,140.00) 134.00(127.00,138.75) -1.782 0.075

49.00(35.00,60.00)  48.00(36.00,57.00)  -1.439 0.150

149.00(127.00,177.00) 128.00(104.00,144.75) —4.584 0.001%*
141.00(125.00,153.25) 128.00(108.00,146.00) -3.779 0.001%*
a  152.00(146.25,156.00) 150.00(142.00,154.00) -3.138 0.002%*
b 136.00(133.25,141.00) 136.00(130.00,139.00) -2.363 0.018*
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i 5P A 4 AR, *P<0.05, HSI Lab &8 2 [ A2

Fo6 MABTREIREBEMEILRIMQ25,Q75)]

iE 5P A ER , *P<0.05, % P<0.01, HSI . Lab &8 % 8] 2 40

F10 MAFEE2XBEEKMOQ25,Q75)]

e il R E A
A7 Z{E  PAA A7 Z{E  PHA
A5 B 28 (10041 ) A B 41 (10041 ) A% B 28 (10041 ) A= B 41 (100 4] )
H  198.00(12.25,237.00) 211.50(9.25,238.75) -0.315 0.753 227.50(138.75,243.00) 222.50(5.50,242.00) —1.399 0.162

S 39.50(28.00,49.00) 35.50(24.00,46.75) -1.997 0.046*
I 153.00(135.00,180.75) 149.00(125.25,171.75) -1.588 0.112
L 152.00(136.25,165.00) 148.00(126.25,165.75) -0.726 0.468
a 147.00(142.00,151.75) 145.50(140.00,150.00) -2.047 0.041%*
b 134.50(130.00,140.00) 133.00(128.00,138.00) -1.914 0.056

34.00(25.00,43.00) 28.00(17.00,39.75) —2.885 0.004+**
164.00(144.25,178.75) 149.50(113.25,171.00) -3.052 0.002%*
155.50(142.25,166.00) 148.50(113.50,167.75) -2.230 0.026*
a 147.00(141.00,150.00) 142.50(136.00,148.00) —-3.352 0.001%*
b 131.00(126.00,136.00) 128.50(121.00,134.00) -2.849 0.004**

=~ [w o

VE 5 A R A4, *P<0.05, HSI . Lab &8 % Rl AR

x7T MATREIRBEERMQ25,Q75)]

5 PR A ER, *P<0.05, %% P<0.01,HSI. Lab &8 % 8 £ 40

F11 FWATEEIXBEELILEMQ25,Q75)]

PRIREAR
TeAR : 74 PlE
SR 28.(100 1) A= i 28.(100 4] )

R ER
AR : Z{h  PE
SR 28.(100 41 - Fa 28 (100 4] )

H 212.00(89.00,239.50)  225.50(81.25,239.75) -0.849 0.396
S 42.50(31.25,53.75) 40.50(33.00,51.00) -0.862 0.389
I 153.00(133.50,178.75) 147.50(126.25,167.75) -1.497 0.134
L 147.00(130.50,158.00) 146.00(126.25,158.00) —0.433 0.665
a 150.00(144.00,153.75) 148.00(144.00,153.00) -1.224 0.221
b 134.50(130.00,140.00) 133.00(127.00,138.00) -1.887 0.059

H 150.00(8.00,242.25)  216.00(8.00,242.00)  —1.450 0.147
S 34.00(26.25,46.00) 26.00(19.25,37.00) =3.924 0.001**
I 168.00(152.00,197.00) 156.00(137.00,184.50) -2.205 0.027*
L 163.00(151.00,176.75) 160.00(133.75,177.00) -0.682 0.495
a 147.00(142.00, 150.00) 142.50(139.00,146.00) —4.218 0.001%**
b 136.00(130.00,139.00) 131.00(127.00,137.00) —-4.249 0.001%**

JE:HSI.Lab &A% M AR,

i 5 AR 4L g, #P<0.05, %% P<0.01, HSI Lab &8 = [ AR
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i GRS SR X i R 2L S A X T R 4 R L
F15, MW THEIREE B EZL T4 (P<
0.01) , 24 2 1 AR AT 4H 55 K (P<0.01) , 248040 %ot

1o N L GORIN T I 3 KT R4 (P<0.05) o

3 itig

PRICAR R A B2 R STy BN A, DA B 1A
JROIRZS B HERR PR AR 2 e S o AR 2R 5 Mk 22
S, AR EE YA AR A ZR TR AL LY X fe B
SRNESIS S S S i O s ) e i i | N PAER SRS
ATl o3 28 AR by AT AN, LAJBK (2 i 6 5 J5

K12 WAEFEEIXRBEAEEKIMOQ25,Q75)]

_ R EA
847 P1
SR R4 (1004]) - Fa i 28.(100 41 )
228.50(114.50,244.00) 222.00(10.00,239.00) -1.756 0.079
33.50(24.00,43.75) -0.785 0.433

165.50(146.00, 189.00)
160.50(145.25,171.00)
a 146.00(141.25,150.00)
b 132.00(126.00,136.00)

H
S 30.50(23.25,41.00)
I
L

153.00(135.00,180.75) -1.881 0.060
151.50(134.00,168.00) -1.858 0.063
145.00(140.00,149.00) -0.656 0.512
128.00(121.00,135.00) -2.154 0.031*

E: 5 AR A E, *P<0.05,

HSI.Lab &= A AL,

F®13 FATELESXBEAELKIMOQ25,Q75)]

KR

Fe AT P1E
S48 (100 41]) Ao F20(1004))

H  218.00(56.00,240.00) 213.00(15.00,240.00) -0.588 0.557

S 28.00(20.25,37.00) 24.00(15.25,33.00) -2.308 0.021*

I 167.00(148.00,188.00) 165.00(140.00,188.00) —-1.102 0.270

L 165.00(149.00,175.00) 162.00(138.25,181.00) —-0.264 0.792

144.00(140.00, 148.00)
131.00(125.00, 136.00)

()

l=n

141.00(136.25,145.00) -2.621 0.009%**
127.00(120.00, 133.00) -3.167 0.002%**

i 5 PR AR, *P<0.05,

#%P<0.01,HSI Lab &A= R AR

SR I 25 ML 28 By 2 BRI 5 A bt 3 A A I8 S
T RRFAE T 5 T T 4% K CEE IE/ /R AR
PEBEN TR e R AL BLEOR " AR A R, 6 A4
ik Ay e T AR AL AR J3t 78 el R T B2 AL

WFFER T, MR 5T S th BEIR I 75 IR 550 o I
LT AR T 17 a {ELAH X T RS 41 ]2 A K o Ifi
TR T 45k Sy Hh BUEHL E RNSE Y R A
TERRK S a (EAHRS T F FBT A W] AW K o 7E Lab (8
JEAS A, a 378 R B LL, a (RO B BT ; 75 HSI
@REZS [E] P, SRR B B R AR BE L S ORI (B TR 5
SO A T AR T I SRR ZL, T T 2 K I AL
CGEB IR ) 7 G UL B AT EZS % . P
FRE T TR MR, ol s, SRR, & 2k
S T SO PR 5 R S LR OC R
DI OSB3 2 - 98 2 BRI & S R, AT
OB WA T 2228 2 8] oo 70 U LA T AN RSN
BELT H AN A g8 22T B BE , A7 A, <
REL 487 J0) UL 0 58 I 5T 4% DK IR £ 4 IR AE 4 5 <
ZELR H AR MAL R, WIS (w2l . T It sh 15,
ML PR A B8 00, A8 T ) T e, U BT 4 bk
Rk B AR B,

Bl A [ ) T AR A, L R 4R
7 I 2 5y B IR T B ZRETE 7 5 th IR A
A 5 MR T RS B R 5 1 b A TF A
JRZH B A K, S s BT T 58 R 2 A AR L8 S PR By
B s (PRI IE RS 2 H AR ) = i a4 M
AN FE ARSI, S JEPAIE At A s i
P IR AR R A KR AR R L K
USRI AT DU B IR, FF A 7K B ARS8 I
S5 P AR BEL i AN BE b5 T BOR IRAR T AN 3l

F 14 WAFE THEIKFESBELBIMQ25,Q75)]
iy RRAE 748 PAEL
A5y 48 (100 41 ) e By 48.(100 4] )

H 157.88(45.15,221.82) 195.25(26.71,234.84) -0.572 0.567

S 52.48(40.05,70.56) 47.64(34.92,64.74) -2.006 0.045%
I 108.11(81.45,130.32) 93.76(70.79,119.39) -2.165 0.030%*
L 102.86(79.18,122.49) 91.38(65.80,111.84) -1.825 0.068

a 147.18(140.72,149.83) 143.17(138.70, 148.43) -2.661 0.008**
b 136.09(130.69,139.95) 133.97(129.32,137.70) -2.353 0.019*
Fiibon=0 4 0.46(0.31,0.58) 0.44(0.32,0.56) -0.259 0.796

A X5 0.15(0.12,0.24) 0.12(0.09,0.19) -2.160 0.031°%*

i 5 P AR A AR, *P<0.05,
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15 BAFEFESELLEIMQ25,0Q75)]

HAR HREE Z1h Pia
S 7R 48 (1004 ) T Fe 7 48(10041) )
WRHEZ 0.50(0.00,3.00) 0.00(0.00, 1.00) -4.220 0.001 %
L EAR 0.00(0.00,12749.25) 0.00(0.00,2866.50) -2.931 0.003%*
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New Recognition of the Tongue Characteristics of Blood Stasis Constitution: Purple Tongue and

Tortuous Sublingual Vessel

ZHOU Wanning', YANG Junhan', ZHANG Shiqi', WANG Jishi', QI Xueshan', WANG Han', LI Xiaojing’,
ZHANG Yanyun', LI Xiangze’, ZHANG Zhe™
(1. The First Clinical College of Liaoning University of Traditional Chinese Medicine, Shenyang 110847,
China; 2. School of Information Engineering of Shenyang Polytechnic College, Shenyang 110045, China;
3. Key Research Laboratory of Blood Vessel Diseases Treated by Resolving Phlegm and Blood Stasis, Affiliated
Hospital of Liaoning University of Traditional Chinese Medicine, Shenyang 110032, China; 4. Key Laboratory
of Ministry of Education for TCM Viscera—State Theory and Applications, Liaoning University of Traditional
Chinese Medicine, Shenyang 110847, China)

Abstract: Objective Based on the general belief that the tongue characteristics of blood stasis constitution is "purple
tongue, tortuous sublingual vessels", this study systematically summarized blood stasis tongue characteristics using
artificial intelligence image processing combined with expert evaluation. Methods A physical questionnaire survey was
conducted on 1275 college students, and 100 cases were randomly selected from the blood stasis constitution group and
the mild constitution group. After collecting the tongue images, Unet, OpenCV, YOLOvS5 and YOLOvS8 algorithms
combined with expert evaluation method were used to extract and analyze the tongue features of the two groups. By
comparing the differences of tongue image characteristics between the blood stasis constitution group and the mild
constitution group, the tongue characteristics of blood stasis constitution were systematically summarized. Results
Compared with the mild constitution group, the proportion of light dark tongue and light purple tongue in the blood stasis
constitution group was significantly higher (P<0.05). The I value, L value and a value of the tongue area 1 in the blood
stasis constitution group were significantly larger (P<0.01, P<0.05). The S value and a value of area 2 and area 3 were
significantly larger (P<0.05), and the I value, L value, a value and b value of area 5 were significantly smaller (P<0.01,
P<0.05). Compared with the mild constitution group, the proportion of tooth marks tongue in the blood stasis constitution
group was significantly higher (P<0.01), the proportion of cracked tongue in the blood stasis constitution group was
significantly larger (P<0.05), and the number of tooth marks, crack area, relative height of crack and relative width of
crack in the blood stasis constitution group were significantly larger (P<0.01, P<0.05). Compared with the mild
constitution group, the I value, L value, a value and b value of tongue coating area 1 in the blood stasis constitution group
were significantly larger (P<0.01, P<0.05), the I value, L value, S value, a value and b value of tongue coating area
2 were significantly larger (P<0.01, P<0.05), the I value, S value, a value and b value of tongue coating area 3 were
significantly larger (P<0.01, P<0.05), the b value of tongue coating area 4 was significantly larger (P<0.05), the S value,
a value and b value of tongue coating area 5 were significantly larger (P<0.01, P<0.05). The proportion of thick tongue
coating and greasy tongue coating in the blood stasis group was significantly higher than that in the gentleness group (P<
0.05). Compared with the mild constitution group, the proportion of tortuous, thickened and nodular sublingual
collaterals in the blood stasis constitution group was significantly larger (P<0.01, P<0.05). The a value, I value, S value,
b value and relative width of sublingual collaterals in the blood stasis constitution group were significantly larger (P<
0.01, P<0.05). Conclusion On the basis of the general belief that the characteristics of blood stasis constitution tongue

are dark purple tongue and dark purple sublingual collaterals/varicose veins/thickening, blood stasis constitution people
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also have new tongue characteristics, such as redder tips and edges, more teeth marks and fissures, thicker and greasier
coatings, and yellow fur. These findings offer new insights for "to identify the constitution of traditional Chinese medicine

and prevent diseases by observing the tongue manifestation".

Keywords: Blood stasis constitution, Tongue inspection, Digital image processing technology, Expert evaluation method,

TCM objectivity
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