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Abstract
Background: An unbiased assessment of clinical outcomes may provide greater insight into the
characteristics of individual acupoints. In this study, we used machine-learning methods to examine
clinical trial data for diseases treated using prescribed �ve-phase acupoint patterns.

Methods: We performed a search of acupuncture treatment regimens used in randomized controlled trials
included in the Cochrane Database of Systematic Reviews. The frequencies of 60 �ve-phase acupoints
were calculated based on 421 clinical trials on 30 diseases. The characteristics of prescribed �ve-phase
acupoints were further analyzed using multidimensional scaling and K-means clustering.

Results: Among the �ve-phase acupoints, stream and sea acupoints were the most widely used, with well,
spring, and river acupoints less common. Multidimensional scaling and cluster analysis revealed that the
LR3, ST36, GB34, BL60, KI3, LI11, and HT7 acupoints exhibited distinct characteristics based on
distances representing the similarity between acupoint indications.

Conclusions: The results suggest that stream and sea acupoints exhibit distinct characteristics compared
to the other acupoints. Such data-driven approaches will improve our understanding of �ve-phase
acupoints and facilitate the establishment of new models of analysis and educational resources for
major acupoint characteristics. 

Background
A wide variety of sources, ranging from neuroanatomy to the meridian theory of traditional East Asian
medicine are considered when choosing the appropriate combinations of acupoints to use for a given
indication [1, 2]. Indeed, these various characteristics are blended in acupuncture prescriptions, and the
main characteristics of prescribed acupoints can be used to classify acupoints, such as the twelve
meridians [3, 4]. Five-phase acupoints, also known as �ve-shu acupoints, are de�ned as a series of
acupoints (well, spring, stream, river, and sea) along each meridian that are located below the elbow and
knee areas in the limb extremities. These �ve-phase acupoints have long been regarded as the primary
acupoints for most therapies, with records of their use spanning from classic medical textbooks through
the present [5]. For instance, in Saam acupuncture in Korea, speci�c principles have been developed using
combinations of �ve-phase acupoints based on the �ve-phase theory [6–8]; however, there has been few
investigations into the use of these �ve-phase acupoints in clinical trials.

Data-mining methods have revealed the relationships between acupoints and diseases by analyzing the
prescribed acupoints originally outlined in classic medical textbooks [4, 9]. Additional acupoints
indications have also been revealed based on the relationships between individual acupoints and
diseases found in clinical trials listed in the Cochrane Database of Systematic Reviews (CDSR) [10]. A
subsequent analysis of the same database found that commonly used acupoints, most of which were
�ve-phase acupoints, have been used to treat various pain conditions [11, 12]. Hierarchical cluster
analysis demonstrated that the spatial pattern of each meridian’s indication was similar to the route of
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the corresponding meridian [9]. Although these studies have demonstrated the use and indications of
acupoints and meridians, the similarity (relatedness) or differences among the characteristics of selected
acupoints have never been studied. For example, the co-occurrence of two acupoints in a clinical trial
does not mean that the acupoints have similar characteristics or there is a clear reason to choose these
acupoints. Multidimensional scaling (MDS) can be used to reduce the dimensionality of the dataset and
help visualize the intrinsic properties of individual acupoints based on their similarity to one another [13].
Therefore, it is expected that we can use MDS to explore the how �ve-phase acupoints are selected
across different conditions. Such an approach will allow us to characterize each of the �ve-phase
acupoints, which until now have been chosen based on theoretical principles, based on the relationships
between the acupoints and diseases.

In this study, we aimed to identify the selection patterns and properties of �ve-phase acupoints used in
clinical trials. Data were analyzed using MDS to visualize the similarities among 60 acupoints on a single
map. Cluster analysis of acupoint selection patterns was applied to identify acupoints with similar
characteristics.

Methods

Data extraction and processing
Data extraction was performed as described previously [11]. Brie�y, acupoint data were extracted after
searching the CDSR using the keyword “acupuncture.” To ensure an adequate number of studies for each
disease, only review studies featuring more than three clinical trials were included. Studies using non-
needle type acupuncture (e.g., acupressure) or acupuncture stimulating only a single part of the body
(e.g., ears, face, head, or feet) were excluded. Based on these criteria, a total of 421 randomized controlled
trials of 30 diseases were included.

Among the assembled acupoints, we calculated the frequency of each acupoint for each disease by
dividing the number of counts for a given acupoint used for each disease by the sum of all acupoints
used for the disease. The Acusynth database containing acupoint frequencies for 30 diseases was
constructed in a prior study analyzing acupuncture indications (Fig. 1A) [11]. In the current study, the
frequencies of �ve-phase acupoints were extracted from the Acusynth database and visualized using
Orange Software (version 3.28.0, https://orangedatamining.com) (Fig. 1B). Analysis of variance (ANOVA)
and post-hoc Tukey’s tests were employed to analyze the differences among �ve-phase groups using
Jamovi Software (version 0.9, https://www.jamovi.org). Furthermore, the same frequency dataset was
used for nonmetric MDS and K-means clustering with R software (Fig. 1C) (version 4.0.3, https://cran.r-
project.org).

MDS analysis of �ve-phase acupoints
MDS is a technique used to plot data as points based on their similarities or dissimilarities as represented
by distance [13]. As the frequency dataset consisted of each acupoint’s frequencies for 30 diseases, this
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multidimensional dataset is too complex for deriving the characteristics of each acupoint. MDS was
therefore performed to reduce the dimensionality of the dataset and visualize the properties of each �ve-
phase acupoint. Acupoints prescribed in a similar manner were highly correlated in the two-dimensional
plot. Speci�cally, the dimensionality of the dataset was reduced using nonmetric MDS, in which the rank
order of pairwise distances is calculated instead of the precise values [14]. Nonmetric MDS was
performed using the isoMDS function in the R package MASS.

The validity of the dimensional reduction and the results of nonmetric MDS was evaluated according to
Kruskal’s stress value, which was calculated thus:

where dij is the Euclidean distance between two points and   is the disparity due to the transformation
to reduce dimensionality. There is a minimum number of dimensions needed to minimize stress and
preserve the rank order of the original data [15]. Stress values lower than 5% are considered good, those
≥5 and < 10% are considered fair, and those ≥10 and < 20% are considered poor [16].

Cluster analysis of acupoint properties identi�ed via MDS
To group the �ve-phase acupoints based on their similarities, K-means clustering was applied. K-means
clustering is a widely used clustering algorithm that minimizes the sum of squared distances of each
cluster’s data from the cluster center, thereby �nding the lowest number of centroids K for a given dataset
[17]. Clustering was conducted on the results of MDS, with each vector in the plot representing an
acupoint. In this study, K-means clustering was computed using the K-means function with Hartigan-
Wong’s algorithm in the R package STATS. The maximum number of iterations was 10,000, and K was
selected using the elbow method. Prior to clustering of the MDS vectors, we calculated the within-cluster
sum of squares for each K ranging from 1 to 20. The elbow, the position at which a rapid decrease in the
within-cluster sum of squares changes to a slower decrease, appeared initially at K = 4 [18].

Results

Use of �ve-phase acupoints in trials listed in the CDSR
The frequencies of �ve-phase acupoints are shown in Fig. 2A. The frequencies of the stream and sea
acupoints were generally higher than those of the well, spring, and river acupoints (Fig. 2B). ANOVA
revealed that the average frequency for the 30 diseases differed signi�cantly among the �ve-phase
acupoint groups (F = 23.4, p < 0.05). According to the post-hoc tests, the stream and sea acupoints were
signi�cantly more commonly used than the other acupoints (well: 0.47 ± 0.18, spring: 1.27 ±  0.22,
stream: 6.60 ±  0.75, river: 2.16 ±  0.48, sea: 7.71 ±  1.29).



Page 5/15

An illustration of the locations and frequencies of the �ve-phase acupoints of the gall bladder meridian is
shown in Fig. 3, along with a depiction of the �ow of Qi along the meridian.

MDS analysis of the �ve-phase acupoints
All �ve-phase acupoints were visualized in a two-dimensional plot based on similarities in their
prescription patterns (Fig. 4A). To reduce the complexity of the data, we calculated the minimum number
of dimensions needed to maintain the overall �t of the data. Two dimensions were shown to be su�cient
and produced a fair �t (Kruskal stress = 9.6%). After the number of dimensions were set, acupoints were
mapped onto the two-dimensional MDS plot with their �ve-phase groups labeled in different colors. The
well, spring, and river acupoints were closely related and hard to distinguish from one another. On the
other hand, the stream and sea acupoints were relatively further apart, revealing their own unique
properties in terms of acupuncture prescription.

Cluster analysis of �ve-phase acupoints based on MDS
results
The MDS vectors were grouped into four clusters, which are presented in four different colors and shapes
in Fig. 4B. The �rst cluster included the LR3 and ST36 acupoints, which are frequently used in most
diseases. Cluster 2 consists of the LU5, BL40, ST41, BL60, SP9, LU11, and GB34 acupoints. The PC7, KI3,
and HT7 acupoints were grouped in cluster 3, whereas all remaining acupoints were assigned to cluster 4.

Discussion
In the current study, we explored the use of �ve-phase acupoints in clinical trials and revealed
characteristics of these acupoints using machine-learning methods. Among the �ve-phase acupoints,
stream and sea acupoints were the most frequently used in the studies listed in the CDSR, whereas the
well, spring, and river acupoints were relatively less commonly used. MDS and cluster analysis revealed
that the LR3 (stream), ST36 (sea), GB34 (sea), BL60 (river), KI3 (stream), LI11 (sea), and HT7 (stream)
acupoints exhibited their own characteristics based on distances representing the similarity between
acupoint indications. These results suggest that stream and sea acupoints are more likely to exhibit
unique properties, compared to the other acupoints.

The �ve-phase acupoints were not used equally to treat diseases. Kim et al. demonstrated clear
differences in the prescription of �ve-phase acupoints by analyzing the selection of these acupoints in
classic medical textbooks [5]. They found that spring, stream, and sea acupoints were more commonly
used compared to well acupoints [5]. In the current study, data mining also revealed that stream and sea
acupoints were more frequently used in clinical trials compared to other acupoints. The stream acupoints
for the meridians of �ve visceral organs (liver, heart, spleen, lung, and kidney) are equivalent to the source
acupoints of those meridians and are therefore regarded as sites where innate Qi remains and reveals the
conditions of the visceral organ (e.g., de�ciency or excess of visceral Qi). On the other hand, the stream
acupoints for the meridians of six bowel organs are not considered the source acupoints for those
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meridians and are therefore less important for treating internal organs. We found that stream acupoints
corresponding to the liver, heart, and kidney meridians exhibited distinguishing characteristics, whereas
none of the stream acupoints for the six bowel organs were highlighted by the MDS analysis, suggesting
that the stream acupoints for the �ve visceral organs are more likely to have acupoint-speci�c treatment
effects. Based on the traditional theory, sea acupoints of meridians have been widely used for the
treatment of problems in six bowel organs. We found that the sea acupoints for the stomach (ST3), gall
bladder (GB34), and large intestine (LI11) were located far from the other acupoints on the MDS plot. The
results for the stream acupoints for the �ve visceral organ meridians and the sea acupoints for the six
bowel organ meridians may be indicative of acupoint-speci�c effects. On the other hand, the use of well
acupoints to treat diseases was extremely limited in the present study. Traditionally, well acupoints are
primarily used to treat acute diseases [19, 20], with indications limited to the induction of labor and brain
injury in the current database. Given that the clinical trials covered only a small number of acute diseases,
we cannot the rule out the possibility that the discrepancies in the usage rate of the �ve-phase acupoints
may be related with the characteristics of the included diseases. Further studies examining a wider range
of diseases will therefore be necessary to verify the different use patterns of the �ve-phase acupoints.

Clustering results in this study were as follows: the LR3 and ST36 acupoints were grouped in cluster 1;
the LU5, BL40, ST41, BL60, SP9, LI11, and GB34 acupoints were grouped in cluster 2; the PC7, KI3, and
HT7 acupoints were grouped in cluster 3; and other acupoints such as PC3, KI1, LU8, and LI3 were
grouped in cluster 4. Of these locations, the LR3 (stream) and ST36 (sea) acupoints are representative of
so-called major acupoints and have been widely used to treat many different conditions [21]. The general
effects of the major acupoints are explained by descending analgesia and central regulation [2, 22], and
cluster 1 may represent acupoints that exhibit general e�cacy for a wide variety of conditions. For cluster
2, the LU5 (sea), BL40 (sea), ST41 (river), BL60 (river), SP9 (sea), LI11 (sea), and GB34 (sea) acupoints
are commonly used in diseases of the musculoskeletal system, nervous system, and injuries [23–26].
Cluster 2 included four sea acupoints and two river acupoints, suggesting that these acupoints may be
related to diseases of the six bowel organs or corresponding meridians. On the other hand, PC7, KI3, and
HT7 are all source acupoints of visceral organs including the heart, pericardium, and kidney, and these
acupoints may be associated with the regulation of emotional reactions and problems related to visceral
organs [27–30].

Five-phase acupoints are de�ned as the �ve acupoints of the meridians located below the elbow and
knee areas in the limb extremities [5, 7]. Each of the �ve acupoints are allocated to one of �ve elements
and manage the �ow of Qi from the peripheral extremities to the heart [5, 31]. Among the various
acupoints, practitioners select only a subset of acupoints that are relevant to the disease. It is therefore
important to identify the most appropriate acupoints for the effective treatment of each disease. The
current study revealed speci�c patterns of the �ve-phase acupoints from a clinical trial database. For
instance, the GB41 (stream) and GB34 (sea) acupoints were more likely to be prescribed to treat various
diseases within a given meridian (Fig. 3). As depicted in Fig. 3, starting from the spring acupoint, Qi is
initially super�cial and dynamic as it �ows towards the heart, with the �ow of Qi subsequently becoming
wider and deeper. Therefore, super�cial needling is su�cient to produce appropriate De-Qi sensations at



Page 7/15

spring acupoints, whereas deeper needling is needed for river and sea acupoints [32]. Although the origin
of �ve-phase acupoints was derived from the concept of Qi �ow, we argue that we should not strictly
adhere to the original meaning of the �ve-phase acupoints. Data-driven approaches will improve our
understanding of the �ve-phase acupoints and lead to the establishment of new models of analysis and
educational resources for acupoint characteristics.

Our study still has several limitations. First, the diseases analyzed in this study cannot fully represent the
use of acupuncture under real-world conditions. However, the 30 diseases selected represents a large
spectrum of diseases affecting the nervous system (6 studies), genitourinary system (5), digestive
system (2), musculoskeletal system (2), circularity system (1), and respiratory system (1), as well as
mental, behavioral, and neurodevelopment disorders (4) and other disorders [11]. Further investigations
examining a wider selection of diseases may reveal more clinically meaningful results. Second, this study
presented the contents of the Acusynth database in an easily comprehensible plot, but more studies are
needed to fully characterize the dimensions of the data. In this analysis, we identi�ed which acupoints
are clearly distinguishable from the other acupoints; however, we could not specify how and why those
acupoints are located far from the other acupoints in the MDS plot. Further identi�cation of factors that
contribute to differences between acupoints will improve current approaches in the �eld of acupuncture
studies.

Conclusion
In conclusion, this study characterized the �ve-phase acupoints used in randomized control trials by
means of data mining and dimensional reduction. MDS and clustering suggested that stream and sea
points are more likely to exhibit their own unique properties. Data-driven approaches such as this will
improve our understanding of �ve-phase acupoints and facilitate the establishment of new models of
analysis and educational resources for major acupoint characteristics.
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variance
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Figure 1

Data extraction, analysis, and visualization. (A) Data extracting and preprocessing. Data were extracted
from the Cochrane Database of Systematic Reviews. Acupoint data were collected from 421 randomized
controlled trials of 30 diseases. The frequency of acupoint use for each disease was calculated by
dividing the number of studies using a certain acupoint for the disease by the sum of all acupoints used
for that disease. The usage frequencies of the 361 acupoints for all 30 diseases were listed in a 361 × 30
matrix (Acusynth). (B) Data reorganizing. Of the 361 total acupoints, 60 �ve-phase acupoints were
extracted from the Acusynth database and clustered based on their labeled �ve-phase properties. (C)
Data analyzing and visualization. Using multidimensional scaling (MDS), the acupoints were visualized
based on their similarity to one another. AdditioComparison of �ve-phase acupoint usage frequencies. (A)
Usage frequencies of the �ve-phase acupoints were visualized in a heat map. (B) Higher frequencies were
observed for stream and sea acupoints compared to well, spring, and river acupoints.nal K-means
clustering was conducted based on the MDS results.
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Figure 2

Comparison of �ve-phase acupoint usage frequencies. (A) Usage frequencies of the �ve-phase acupoints
were visualized in a heat map. (B) Higher frequencies were observed for stream and sea acupoints
compared to well, spring, and river acupoints.
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Figure 3

The gall bladder meridian as an example of the �ve-phase acupoint pattern for 30 diseases. The �ow of
Qi (colored in blue) showing a wider Qi path as it moves towards the knee. The �ve-phase acupoint
pattern presented on the right shows the usage frequencies of each acupoint (connected in lines) for the
30 diseases. The frequencies were higher and more widely distributed across the diseases for stream and
sea acupoints compared to well, spring, and river acupoints.
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Figure 4

Characteristics of the �ve-phase acupoints based on MDS and K-means clustering. (A) Five-phase
acupoints are visualized using MDS. Each of the �ve-phase properties is labeled. Stream and sea
acupoints formed a distinct cluster in the plot. (B) K-means clustering of the MDS results for the �ve-
phase acupoints. The acupoints were clustered into four groups (cluster 1 marked with red triangles,
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cluster 2 marked with yellow squares, cluster 3 marked with green diagonal crosses, and cluster 4 marked
with blue circles).


