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Abstract

In this study, we constructed the data table of acupoint functions (i.e., acupoint indications and clinical
applications) based on the previously developed information system of acupoint diagnosis and treatment in
Traditional Chinese Medicine. Based on the data table of acupoint functions, between-acupoint point
correlations were calculated. Acupoints with statistically significant point correlations were linked to
construct the acupoint network with functional similarity. The degree centrality values of acupoints (totally
311 acupoints) showed that the acupoints Zhengying (GB17), Qinglengyuan (SJ11), Jiaji (EX-B2), etc. have
the highest degree centrality values. Most of these acupoints are located on the head and neck, and their
functions are universal. The acupoints Yinbai (SP1) and Zhongkui (EX-UE4) have strong specific functions
and weak substitutability. The results of frequency distribution, skewness, aggregation index, coefficient of
variation, entropy, and probability distributions showed that the obtained acupoint network is a scale-free
complex network. Among them, the probability density function of the power law distribution is p(x)=x"°#*¢,
x>36.
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1 Introduction

Acupoints are nodes inside meridians. According to the meridian theory of Traditional Chinese Medicine
(TCM), meridians have five characteristics: (1) Meridians run the body's Qi and blood. (2) Meridians connect
the internal organs of the human body. (3) Meridians cannot be seen directly with the naked eye. (4) Meridians
conduct human diseases. (5) Meridians protect the internal organs of the human body. Meridian theory is a
main part of the theoretical system of TCM (Zhang and Qi, 2023).
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Meridians and acupoints form a biological network of matter, energy and information. The structure,
function, dynamics and regulation of such a network follow the laws of network biology, and theory and
methods of network biology can be used to analyze meridians and acupoints (Pujol et al., 2010; Ibrahim et al.,
2011; Budvsky and Fraifeld, 2012; Li and Zhang, 2013; Rahman et al., 2013; Igbal et al., 2014; Jesmin et al.,
2016; Habib et al., 2016; Narad et al., 2017; Zhang and Feng, 2017; Banerjee, 2018; Benias et al., 2018; Zhang
and Liu, 2019; Zhang and Zhang, 2019; Li et al., 2021; Xin and Zhang, 2020, 2021; Zhang, 2012a, 2016a-c,
2017a-d, 2018, 2021b; Lem et al., 2021; Yang and Zhang, 2022; Zhang and Qi, 2023).

Recently, we have developed the information system of acupoint diagnosis and treatment in TCM. In this
system, we can choose to list the complete collection of TCM acupoint diagnosis and treatment information, or
can search for TCM acupoint diagnosis and treatment information by keywords such as acupoint indications
and clinical applications, acupoints, twelve meridians, eight extra meridians, and elements in Five Elements. In
this study, we constructed the data table of acupoint functions (i.e., acupoint indications and clinical
applications) based on the previously developed information system of acupoint diagnosis and treatment in
TCM. Based on the data table of acupoint functions, between-acupoint point correlations were calculated and
acupoints with statistically significant point correlations were linked to construct the acupoint network with
functional similarity. And the network type and network topology were analyzed in order to provide a basis for
further research.

2 Materials and Methods

2.1 Data sources

The data used to construct the acupoint network with functional similarity of TCM come from the information
system of acupoint diagnosis and treatment in TCM (Zhang and Qi, 2023). We designed a simple Matlab
program:

for i=1:651
func(:,i) = ~cellfun(@isempty, strfind(acufunctions,indicesfunctions{i}));

end

For each acupoint (311 acupoints in total), the 651 acupoint indications and clinical applications (referred to as
acupoint functions thorought this study) were matched from the field of acupoint indications and clinical
applications of the web database (Zhang and Qi, 2023). If there is a match, the corresponding function index of
the acupoint is 1, otherwise it is 0. Thus, a 0-1 coding table with a size of 311x651 is generated, which is the
data table of acupoint functions in this study.

2.2 Acupoint centrality

Degree centrality is used to measure the functional similarity between each acupoint and other acupoints in the
network (Kuang and Zhang, 2011; Shams and Khansari, 2014; Jiang and Zhang, 2015; Zhang, 2012a, 2012c,
2016, 2018; Zhang and Zhang Zhan, 2011; Zhang and Feng, 2017; Zhang and Zhang, 2019; Xin and Zhang,
2020, 2021; Yang and Zhang, 2022). For a certain acupoint, the more other acupoints with the same functions,
the greater the degree centrality value of this acupoint. For each acupoint, the total number of statistically
significant acupoints associated with its point is the degree centrality of the acupoint.

2.3 Point correlation

Point correlation is a correlation measure of 0-1 data type variables (Zhang, 2012b, 2014, 2015, 2016, 2017b,
2018, 2021b; Zhang et al., 2014). Based on the data table of acupoint functions, between-acupoint point
correlations were calculated according to the method of Zhang (2017b). The critical value of the statistical test
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is set to p=0.00000001 (Zhang, 2022), and acupoint pairs of statistically significant point correlations were
taken to construct the acupoint network with functional similarity in TCM.

2.4 Network construction

Based on the acupoint pairs of statistically significant point correlations, the paired acupoints were linked
together one by one (Zhang, 2012b, 2016, 2018), and the acupoint network with functional similarity in TCM
can be obtained. Animated human-machine interactive network were constructed by using online software
(http://www.iaees.org/publications/software/netJa/netGen.htm) (Zhang, 2021a).

2.5 Network type

In this study, we use degree centrality, frequency distribution, skewness, aggregation index, coefficient of
variation, entropy, binomial distribution, Poisson distribution, exponential distribution, power law distribution
(Zhang and Liu, 2012; Zhang and Zhan, 2012; Zhang, 2012a, 2016, 2018; Zhang and Li, 2016), etc., to judge
the network type obtained.

3 Results

3.1 Degree centrality of acupoints

The degree centrality values of acupoints are shown in Table 1. Table 1 shows that centrality values of
acupoints Zhengying (GB17), Qinglengyuan (SJ11), Jiaji (EX-B2), Luxi (SJ19), Qingling (HT2), Shuaigu
(GB8), Zugiaoyin (GB44), Fengmen (BL12), Jayan (GB4), Xiaxi (GB43), Qiangjian (DU18), Shugu (BL65),
Erjian (EX-HNG), Fubai ( GB10), Meichong (BL3), Yangxi (LI5), Fengfu (DU16), Wangu (GB12), etc., rank
in the forefront. Most of these acupoints are located on the head and neck, and their functions are universal.
Yinbai (SP1) and Zhongkui (EX-UE4) have strong specific functions and weak substitutability (see
supplementary material).

Table 1 Degree centrality values of all acupoints.

Degree Degree Degree Degree
Acupoint (7Thr) centrality Acupoint (73z) centrality Acupoint (7T4r) centrality  Acupoint (73fr) centrality
(BEHLE) (L) (B L) (FEH L)

IEE R (GB17) 64 IIETT (SIT) 28 47 (ST6) 15 [T/ (DU2) 9
TEAIH (SI11) 62 BRI (L114) 27 M7 (RN15) 15 HIFEIC (KI109) 9
Je I (EX-B2) 57 ML (SP8) 27 JBERt AT (BL28) 15 7KL (BL57) 8
AR (SJ19) 57 JA T (S115) 27 JBESL (HTS) 15 BT (EX-LE2) 8
HRIN (HT2) 56 EH#IC (ST3) 27 KHIT (SP3) 15 B (GB30) 8
LUK (GB8) 56 FHIX (S112) 26 JEEBAK (GB33) 15 4RI (DUB) 8
75 (GB44) 53 KUK (ST22) 26 /NEZ (EX-UEB) 15 +E % (EX-UE11) 8
AT (BL12) 52 MG (BL20) 26 FHE 7K (GB14) 15 I (HTT) 8
RN (GB4) 52 JiF % (SP13) 25 JEBH % (DU3) 15 FHPE SR (GB34) 8
%8 (GB43) 49 @78 (BL17) 25 43 7C (RN20) 14 77X (BL56) 7
JEA/X (DU18) 48 KIFTC (LUB) 25 BH X (EX-LEL) 14 KHETC (DU14) 7

H X (BL6S) 48 FARIX (PC2) 25 HH/X (GB24) 14 JEATR (BL19) 7
HAX (EX-HNB) 47 JEIEDL (GB41) 25 AZEI (STL9) 13 4> (GB42) 7
F A (GB10) 47 LRI (SI7) 24 FRNLIC (STL) 13 2:FA7X (RN1) 7
JEMIX (BL3) 47 /DI (HT3) 24 RN (GB18) 13 FE[UX (SP11) 7
BHE X (LIS) 47 KE I (SI16) 24 SLE I (DU27) 13 JEHRIC (LI15) 7
RUFFIX (DU16) 46 KA (SP15) 23 k7T (GB26) 13 #r7¢ (DUB) 7
eI (GB12) 45 IR (S321) 23 PRI (ST32) 13 JJi 5% (ST45) 7
41717 (BL63) 44 IR (RNG) 23 I/ (BLAT) 13 I (PCB) 7
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3.2 Point correlation
After comprehensive weighing, the critical value for statistical test is set to p=0.00000001 (Zhang, 2022).
Calculate between-acupoint point correlations and 2953 pairs of acupoints with statistically significant point
supplementary
http://www.iaees.org/publications/journals/nb/articles/2023-13(3)/e-suppl/Zhang-Supplementary-Material.rar).
Table 2 lists the acupoints with the top three degree centrality values.

correlations

were

obtained

(see

material

for

full

list:

Table 2 Acupoint pairs with statistically significant point correlations (p=0.00000001, n=651; a total of 2953 pairs of acupoints,

only the significant point correlations for the top three acupoints are listed).

Point Point Point

Acupoint (XAr) Acupoint (FXAL) Corr. Acupoint (JRAL)  Acupoint (JXAI) Corr. Acupoint (FXAL) Acupoint (FXA) Corr. ()R
(RAR) (RARR) Li:ES)
IEE R (GB17) 42X (DU20) 0.2594  JEAUH (SI11) BRI (LI14) 03481  FHIN (EX-B2) BN (LI4) 0.3096
IEE T (GB17) AR (BGL3) 0.4103  JEAMM (SI11)  F4X (DU20) 0.2594  FHFIX (EX-B2) H£:7% (DU20) 0.3508
IEE X (GB17) I\ (EX-UE9) 0.4957 AN (SI11)  AMIX (BGL3) 02698  FHINX (EX-B2) AKX (BG13) 0.3648
IEE R (GB17) JURIR (EX-LE10) 05265 &AM (SI1L)  J\FEX (EX-UE9) 04957  FHIN (EX-B2) X (EX-UEY) 0.291
IEEJX (GB17) #TX (BL2) 0.2336  JEAM (SI11) )RR (EX-LE10) 03481  FHFIX (EX-B2) JURJR (EX-LEL0) 0.3096
IEE X (GB17) &I (BL6) 0.4103  JHAIH (SI11) TR (BLR) 02336  FHINX (EX-B2)  AINIX (BLS6) 0.239
IEE R (GB17) B (SI18) 0.2815  JEHAH (SI11) 7KK (BLS) 0.2698  FHIN (EX-B2)  EINK/X (SJ18) 0.2496
IEEJX (GB17) KFFIX (BLLL) 0.2594  JHEAUH (SI11)  BERKIT (SJ18) 02815  JHFIX (EX-B2) KAFIX (BLLL) 0.2295
IEE 7T (GB17) BPH7T (EX-HN2) 0.2815  JHAMH (SI11)  KAFIT (BL1L) 0.2594  FHAFIX (EX-B2) MBAIT (EX-HN2) 0.2496
EE X (GB17) HAIT (EX-HNG6) 0.373 JEAIN (SJ11) 4B (EX-HN2) 02815  RAHIL (EX-B2) H4RIT (EX-HNB) 0.332
IEEJX (GB17) HF# (S322) 0.3098  JHEAUH (SI11)  HZRIT (EX-HNG) 0.373 FH I (EX-B2) HAE (S122) 0.2752
EEIX (GB17) “EREIX (STAO) 0.2698  JEAIH (SI11)  HAMEE (S122) 03098  FHUN (EX-B2)  FBEIX (ST40) 0.3648
IEE R (GB17) AT (BL12) 0.4434  JEHAIH (SI11)  EREIX (ST40) 0.2698  FHIN (EX-B2) KT (BLL2) 0.3954
IEE 7T (GB17) KU (DU16) 0.3098  JEAIM (SI11)  KITAR (BL12) 0.4434  JHIX (EX-B2)  RUFIX (DUL6) 0.2752
IEE X (GB17) k477X (BL5S) 0.4697  JEAIM (SI11)  RUFIX (DU16) 0.3098  FHINX (EX-B2)  RihiX (GB20) 0.2629
IEE R (GB17) F X (GB10) 0.2815  iEHAIH (SI11)  kIHUT (BLSS) 03098  FHIN (EX-B2)  KiHX (BLSS) 0.2752
IEE X (GB17) BfBH7T (BL59) 0.3098  IEHAIH (SI11)  ¥EEAIT (GBL0) 02815  FHIX (EX-B2)  FHIKX (GBL0) 0.2496
1EE X (GB17) 6 (GB37) 0.2947  JEAMM (Si11)  HBHIT (BL59) 0.3098  FHIT (EX-B2) HtBHIT (BL59) 0.2752
IEE R (GB17) HKIX (GBA) 0.381  EHAIH (SI1) MR (SID) 0.274 X (EX-B2) PR (SID) 0.2415
IEEJX (GB17) 417X (BL63) 0.373 TEAIH (SI11)  SBEAUT (GB37) 0.4472  JFFIX (EX-B2) FEBHIX (GB37) 0.2615
IEE 7T (GB17) HHIX (BL64) 0.3481  JHAM (SI11) BRI (GB4) 0.25 JEAF IR (EX-B2) 4171JX (BL63) 0.332
IEE R (GB17) IR (STA1) 0.3481  JEHAIH (S)11)  &TUC (BL63) 0.373 FH I (EX-B2)  HHK (BL64) 0.4693
IEE 7T (GB17) JA T (S19) 02815  JEAIM (SI11)  HUEUX (BL64) 0.3481  JHIN (EX-B2)  fARIRIX (STAL) 0.3096
IEE X (GB17) FHPNIR (SJ20) 0.3274  {EAUH (SI11) BRI (ST41) 0.3481  RHIT (EX-B2) JA VTR (SI9) 0.3804
IAEES WWW.iaees.org
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IEE R (GB17) FHFI (EX-B2) 0.4434  JHEAM (SI11)  JBBIUX (S19) 02815  FH /T (EX-B2) JA /X (L115) 0.2752
IE# X (GB17) FLEI (LUB) 0.2414  JEAM (SIL1)  AHMR (S320) 0.3274  JEHIX (EX-B2)  FR (SI20) 0.291
IEEJX (GB17) BT (BL60D) 0.4472 B4 (SI11)  HIR (EX-B2) 0.4434
EE X (GB17) FIEC (LUT) 0.25 AN (SI11)  FLEUR (LUSG) 0.2414
EH X (GB17) LR (S119) 0373 JEAM (SI11)  EABUX (BL6O) 0.2947
IEE X (GB17) JEPHIT (BL3) 0.373 WA (SI1L)  FIEkT (LUT) 0.381
IE# X (GB17) JHAM (SJ11) 0.4969  JEHAIH (SI11)  AIEIR (S119) 0.373
EE R (GB17) 3¢ (DU18) 0.5636  JEAUH (SI11)  JEWUR (BL3) 0.373
EE X (GB17) HRI (HT2) 0.4434
IEE R (GB17) IR (HT3) 0.2265
EE X (GB17) EET(SIL) 0.2947
EE X (GB17) MEET (DU24) 0.3481
IEE R (GB17) LRI (L19) 0.2947
IEE T (GB17) FEHR I (GBS) 0.3274
IEER (GB17) HHE I (BLES) 0.4697
IEE R (GB17) H k¢ (BL62) 0.2947
IE# X (GB17) KA (BL10) 0.381
IEE R (GB17) Wi (DU13) 0.2698
EE X (GB17) KH7X (SI16) 0.3098
EH X (GB17) SRR (SI5) 0.2265
IEE X (GB17) 5EH ¢ (GB12) 0.2594
EE X (GB17) HNERSS (Ex-LE9) 0.2454
EE R (GB17) BhX (GB39) 0.2265
IEE X (GB17) BJET (GBS6) 0.2947
IEE R (GB17) fRIZIX (GB43) 0.2815
EE X (GB17) FFLX (BLY) 0.5265
EE X (GB17) FHZ 7T (LIS) 0.2414
IEE R (GB17) PHA# ¢ (GB38) 0.3098
X (GB17) BEMUN (S117) 0.3367
IEE X (GB17) 7T (DU29) 0.25
IEE R (GB17) IE 7% (DU15) 0.2698
E#H X (GB17) IR (S12) 0.2594
IEE X (GB17) BT (SI3) 0.25
IEEIX (GB17) JEIlfDL (GB41) 0.3277
X (GB17) 275 (GB44) 0.2265
EE X (GB17) LB (BL66) 0.373
IEE R (GB17) X (SI6) 0.2815
E#H X (GB17) SCIEZX (SI7) 0.4103
1E# 7 (GB17) ZEHR (BL6T) 0.4038

3.3 Acupoint network with functional similarity in Traditional Chinese Medicine

Link the acupoints with statistically significant point correlations to obtain the acupoint network with
functional similarity in TCM. The animated human-machine interactive network constructed by online
software (Zhang, 2021a; see supplementary material also) is shown in Fig. 1. The interactive animation can be
viewed by opening the homepage in a web browser
(http://www.iaees.org/publications/journals/nb/articles/2023-13(3)/e-suppl/AcupointFuncNetwork.html). In
the animation, press and hold the target acupoint and drag to observe other acupoints of strong functional
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similarity with this acupoint (Zhang, 2021a). Generally speaking, the stronger the similarity between the
functions of B and A, the fewer the shortest links from B to A, and the greater the motion amplitude of B when
dragging A.

Fig. 1 The homepage of the acupoint network with functional similarity in TCM. Press and hold the target acupoint and drag to
observe other acupoints of strong functional similarity with this acupoint
(http://www.iaees.org/publications/journals/nb/articles/2023-13(3)/e-suppl/AcupointFuncNetwork.html).

3.4 Network type

(1) Skewness of acupoints’ degree distribution and network’s aggregation index

The skewness of acupoints’ degree distribution=0.073395 (£0), and the network’s aggregation index is 1.4674
(>1), therefore the network tends to be a complex network.

(2) Network’s coefficient of variation and entropy

Network’s variation coefficient H=9.9023 (>1), network entropy E=169.0579, therefore the network tends to
be a complex network.

(3) Frequency distribution of degree centrality values

The frequency distribution of degree centrality values of the network is shown in Table 3. It can be seen from
the table that the frequency distribution is highly asymmetric. The proportion of acupoints with low degree is
obviously dominant, and the proportion of acupoints with high degree is very small. The network tends to be
non-random.
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Table 3 Frequency distribution of acupoints’ degree centrality in the network.
Avg. degr 3.2 9.6 16 224 28.8 35.2 41.6 48 54.4 60.8
Freq. 0.1511 0.2572 0.2154 0.0997 0.0739 0.0997 0.045 0.0289 0.0225 0.0032

(4) Probability distribution of degree centrality values
Binomial distribution parameters p=0.2737, 5> =184.6788, the network tends to be a non-random network.

Poisson distribution parameters A=18.9904, 5> =1255570792.8868, the network tends to be a non-random
network.

Exponential distribution parameters A=0.0527, ¥* =71.7152, the network is not an exponential distribution
network.

Power law distribution parameters a=6.1818, Xnin=36; its probability density function is p(x)=x"®'®¢,
x>36; Kolmogorov-Smirnov goodness of fit D=0.1153. The degree centrality values are distributed in a power
law, and the network is a scale-free complex network.

In general, the acupoint network with functional similarity in TCM is a scale-free complex network.

4 Discussion

The acupoint network in this study is based on the acupoints’ functional similarity of TCM. For acupoint A, if
acupoint B has more of the same functions (i.e., acupoint indications and clinical applications) as acupoint A,
that is, the greater the similarity of functions, then the point correlation between acupoint A and acupoint B is
stronger, and the possibility of being a network link is greater. Therefore, the acupoint network of functional
similarity in TCM reflects the similarity of acupoint functions. For acupoint A, the more other acupoints with
the same function, the greater the degree centrality value of acupoint A. Therefore, the degree centrality value
based on functional similarity does not represent the importance of acupoints, but the universality of acupoint
functions. For example, Zusanli (ST36), Guanyuan (RN4), Yongquan (KI1), Dazhui (DU14), etc., are all one
of the most important acupoints in the human body, but their degree centrality values based on their functional
similarity is not large. If it is necessary to construct a network based on the importance of acupoints, we should
select relevant attributes reflecting the importance of acupoints, and use the same method to construct the
network.
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