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Background: Cerebral palsy (CP) ranks as a major cause of motor disabilities in children, with spastic CP making up roughly 70—
80% of all CP cases. The primary objective of our study is to identify characteristics of Traditional Chinese Medicine(TCM) symptom
of spastic CP, thereby establishing correlations between the TCM symptom and the disease, providing a more scientific theoretical
foundation for TCM treatments on spastic CP, enabling a deeper comprehension of clinical interventions, ultimately, improving
rehabilitation outcomes in TCM treatment for spastic CP.

Methods: We conducted a data mining study on TCM symptom of spastic CP children aged 4-14 years old treated at Xi’an
Encephalopathy Hospital Affiliated to Shaanxi University of Chinese Medicine, from October 2021 to March 2023. The medical
records of all eligible and complete spastic CP patients were extracted, processed for data cleansing, transformed, and subsequently
analyzed to discern distinctive TCM symptom. K-Means Clustering Analysis and Association Rule Analysis were used for data
mining.

Results: Core symptoms identified for spastic CP encompassed “Motor Dysfunction”, “Impaired Speech”, “Delayed Development”,
“Limb Stiffness”, “Rigidity in the limbs”, “Intellectual Impairment”, “Timidity and susceptibility to startle responses”, “Muscle
Wasting”, and “Pale or Dull Complexion”. Among the top-ranking associations of symptom, patterns emerge wherein “Motor
dysfunction” intertwine with “Impaired speech”, “Motor dysfunction” coexist with “Delayed development”, and “Impaired speech”
are accompanied by “Delayed development”.

Conclusion: This study identified the core symptom of spastic CP and tentatively suggests that the clinical manifestations of spastic
CP are essentially consistent with the TCM pattern “liver exuberance and spleen weakness”. This finding has facilitated the
preliminary establishment of correlations between TCM pattern differentiation and the disease in medicine. It is anticipated that
this correlation will bring tangible benefits to a larger number of children with spastic CP.
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Cerebral palsy (CP) ranks as a major cause of motor disabilities in children,' with spastic CP making up roughly 70-80%
of all CP cases.” Its identification often occurs during the early stages of life.> The majority of cases of spastic cerebral
palsy stem from perinatal or early postnatal brain injuries.* Factors such as hypoxia, birth trauma, preterm birth, and low
birth weight may contribute to abnormal brain development, culminating in impairments in motor control and
coordination.” Clinical manifestations of this condition encompass muscular spasms, motor impairments, and neurolo-
gical dysfunctions.® Its profound impact significantly disrupts the daily lives and overall functionality of those affected,
causing notable distress and limitations to their quality of life. Despite some medical interventions available, such as
physical therapy,” medication treatment,® surgical interventions,” nutrition interventions'® and assistive devices,''
a comprehensive and universally effective solution is currently lacking. Consequently, some patients continue to
encounter persistent challenges and disruptions in their treatment.
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Traditional Chinese Medicine (TCM), as a time-honored medical system rich in experiential knowledge, offers unique
perspectives and methodologies for treating neurological disorders.'? Particularly, in addressing symptom like muscular
spasms’® and neurological impairments,'* TCM employs widely practiced therapies such as acupuncture and herbal
medicine. However, the specific selection of TCM treatments often relies on the clinical expertise and individual
experience of practitioners, resulting in uncertainties regarding clinical efficacy and safety.'”> “TCM Symptoms” as
a comprehensive term encompassing a series of symptoms within the framework of TCM. This includes the overall
manifestations of the body during the disease process, as perceived through the Four Diagnoses (Observation, Olfaction
and Auscultation, Inquiry, and Palpation). Therefore, adhering to the fundamental principles of differentiation and
treatment in TCM, there arises a necessity to scientifically understand the characteristic of TCM symptom in spastic
CP, thereby consolidating the theoretical foundation of TCM treatment. Enhancing the potential value of TCM treatment
on spastic CP becomes profoundly imperative in this context.

In the realm of TCM data mining, R language assumes as an important role due to its capabilities in data analysis and
processing.'®!” It brings researchers with effective tools facilitating the profound exploration of latent information within
clinical data, thereby furnishing scientific guidance for both TCM clinical practice and research. According to the theory
of TCM, we assumed that there must be definite rules between the symptoms of spastic CP. This study use R language to
analysis clinical data to identify characteristics of TCM symptom of spastic CP, thereby establishing correlations between
the TCM symptom characteristics and the disease in medicine, providing a more scientific theoretical foundation for
TCM treatments on spastic CP, enabling a deeper comprehension of clinical interventions, ultimately, improving
rehabilitation outcomes in TCM treatment for spastic CP.

Methods and Analysis
Design of the Study

We conducted a data mining study on TCM symptom of spastic CP children aged 414 years old treated at Xi’an
Encephalopathy Hospital Affiliated to Shaanxi University of Chinese Medicine, from October 2021 to March 2023. In
order to ensure the accuracy of the data analysis, a sufficient sample size was sought. Adhering to the principle of
comprehensive inclusion, initially, 265 medical records were considered. Among these, 20 cases did not meet the
inclusion criteria, and 14 had incomplete information, resulting in the final inclusion of 231 cases for analysis. Ethical
approval for this study (Approval No. XN2023-13) was obtained from the hospital’s ethics committee. The study
protocol with more information was published on October 25, 2023,'® maintaining the core aspects of the research
design while adjusting certain research details, such as utilizing the R language for cluster analysis and association rule
analysis. The specific flowchart of the research process is depicted as Figure 1.

Review Process

Data Screening

Inclusion criteria for medical records included: (1) The age range of children is between 4 and 14 years old. (2) The
diagnosis confirmed spastic CP, with diagnostic criteria determined by the committee members outlined in the “Chinese

Guidelines for Rehabilitation and Treatment of Cerebral Palsy »'°

(3) Admission information was completion, encom-
passing demographic details of the patients and completeness of critical elements within the medical records.
Simultaneously, the medical records were required to include essential components such as chief complaints and present
symptom in the admission notes. (4) Detailed records of TCM symptom and tongue-pulse symptom. (5) Patients did not

have severe organic diseases affecting vital organs such as the heart, liver, or kidneys.

Principle of Data Normalization Processing

The process of standardizing TCM symptom data for spastic CP involves adherence to the following principles:**' (1)
Rationality: Entities, characteristics, concepts, and relationships within clinical diagnostic data, even after standardiza-
tion, should still align with their specific contextual meaning. (2) Accuracy: Standardization of clinical data into
standardized terminologies should accurately reflect the original meaning of the data. (3) Consistency: Synonyms or
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Figure | The flowchart of the TCM symptom analysis study.

different terms for the same concept should be standardized into a unified terminology. (4) Completeness: Refers to
ensuring that standardized terminologies (words or phrases) maintain semantic integrity as much as possible without
losing their original significant meaning after standardization.

Database Establishment

We extracted diagnostic and therapeutic information of spastic CP children pertinent to our study from the hospital’s
medical records system through the medical information department. Subsequently, this data was transformed into an
Excel file using a binary data conversion method. In this transformation, patients exhibiting a specific symptom were
denoted as “1”, while those not exhibiting the symptom were marked as “0” in the file. This transform rule aimed to
facilitate subsequent statistical analyses. Following the completion of all conversions, a senior-level physician verified
and cross-checked the information for accuracy.

Data Entry Requirements

Ensuring accuracy and maintaining a record of corrections are very important when inputting information of children in
Excel. Prior to data entry, meticulous scrutiny of the file’s structure is essential to confirm accurate field correspondence,
absence of omissions, and avoidance of duplications. During data entry, if corrections are necessary, it is advised not to
modify the original data directly. Instead, create a new column or worksheet specifically designated for recording
corrected data. In this new column, it’s recommended to annotate the reason for correction, date, and the operator’s
details to guarantee transparency and traceability of the data corrections. Additionally, before making any alterations,
ensure the creation of a backup by duplicating the original dataset. Regular review and validation of the data are
imperative.

Statistical Methods

Descriptive analysis was conducted using SPSS 22.0. K-Means Clustering analysis is employed to partition the
observations in TCM symptoms into a predetermined number (k) of clusters, grouping together similar observations.
Association Rule Analysis is employed to discover association relationships or patterns among Traditional Chinese
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Medicine symptoms. They were performed utilizing the R language tool. The “clusGap” function was employed to
estimate the optimal number of clusters. Packages such as “pheatmap”, “arules”, “arulesViz”, and “RColorBrewer” in
R were selected for data processing. The apriori algorithm was applied for association rule operations, initially setting the
support at 0.05 and confidence at 0.8, with adjustments made based on research requirements. Visualization of the data

was executed using plotting tools within the R language.

Results

Demographic Information

Among the 231 cases of spastic CP included in this study, there were 128 males (55.41%) and 103 females (44.59%).
Urban patients accounted for 122 cases (52.84%), while rural patients accounted for 109 cases (47.16%). The most
concentrated age distribution was observed at 4 years old with 42 cases (41.35%), followed by 5 years old (40.35%), and
26 cases at 8 years old (11.26%). The age groups with the smallest proportions were 13 and 14 years old, each with only
9 cases (3.90%). Concerning the disease course, the incidence was most concentrated between 12 to 24 months, totaling
70 cases (30.30%), while the least occurred within a 3-month span, comprising 25 cases (11.65%). Detailed data are
presented in Table 1

Top TCM Symptom in Spastic CP Patients

Upon conducting analysis of TCM symptom within the patient included in the study, particularly focusing on the top 30
symptom. The majority of these children presented with similar symptom of “Motor dysfunction”, “Impaired speech”,
“Delayed development”, and ‘Limb stiffness’. Furthermore, exceeding 120 children exhibited a wide spectrum of TCM
symptom and tongue-pulse characteristics. These encompassed features such as “Thin and white tongue coating”,
‘Rigidity in the limbs’, a tongue named “Pale red tongue”, a pulse named “Rapid and thready”, “Intellectual

Table | Demographic Information of Included Patients

Numbers Percent(%)
Gender
Male 128 55.41%
Female 103 44.59%
Living area
Urban 122 52.81%
Rural 109 47.19%
Age
4 years 42 18.18%
5 years 27 11.69%
6 years 24 10.39%
7 years 21 9.13%
8 years 26 11.26%
9 years 22 9.52%
10 years 19 8.23%
Il years 18 7.79%
12 years 14 6.06%
13 years 9 3.90%
14 years 9 3.90%
The length of the disease
< 3 months 25 10.82%
3—6 months 28 12.12%
6—12 months 55 23.81%
12—24 months 70 30.30%
< 24 months 53 229 4%
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Table 2 High-Frequency Distribution of TCM Symptom in Spastic CP Patients

Name of Symptom Numbers | Percent(%) Name of Symptom Numbers | Percent(%)
Motor dysfunction 231 100% Delayed response 103 44.59%
Impaired speech 224 96.97% Fatigue and weakness 102 44.16%
Delayed development 218 94.37% Phlegm rales in the throat 100 43.29%
Limb stiffness 207 89.61% Susceptibility to colds 99 42.86%
Thin and white tongue coating 195 84.42% Cyanosis of the fingertips 99 42.86%
Rigidity in the limbs 169 73.16% Drooling 98 42.42%
Pale red tongue 162 70.13% Spontaneous sweating 97 41.99%
Rapid and thready pulse 151 65.37% Frequent clear urination 94 40.69%
Intellectual impairment 139 60.17% Poor appetite 93 40.26%
Stiff neck 137 59.31% Diarrhea 93 40.26%
Light fingerprints 120 51.95% Restlessness and insomnia 9l 39.39%
Timid and easily startled 115 49.78% Slow movement of limbs 90 38.97%
Muscle wasting 110 47.62% Dry and brittle hair 90 38.97%
Stunted growth 108 46.75% Irritability and easy anger 86 37.23%
Dull expression 105 45.45% Pale or dull complexion 8l 35.06%

impairment”, ‘Stiff neck, and “Light fingerprint patterns”. Additionally, over 90 children displayed clinical features
including “Timid and easily startled”, “Muscle wasting”, “Stunted growth”, “Dull expression”, “Delayed response”,
“Fatigue and weakness”, ‘“Phlegm rales in the throat”, “Susceptibility to colds”, “Cyanosis of the fingertips”,
“Spontaneous perspiration”, “Frequent and clear urination”, “Poor appetite”, “Diarrhea”, “Restlessness and insomnia”,
“Slow movement of limbs”, “Dry and brittle hair”. Notably, clinical symptom of “Irritability and easy anger”, “Pale or
dull complexion” were also relatively common, each being observed in over 80 children. For an even more detailed data

of these findings can be seen in Table 2.

Cluster Analysis results of the High-Frequency TCM Symptom on Spastic CP Patients
We conducted a cluster analysis focusing on the top 30 symptom. To determine the optimal number of clusters, we
employed the “clusGap()” function, resulting in a peak at four clusters, indicating the most suitable clustering solution, as
represented in Figure 2. Subsequently, we performed a cluster analysis encompassing TCM symptom in the children with
spastic CP. Employing the “pheatmap()” function. The clusters included: (1) “Motor Dysfunction”, “Impaired speech”,
“Delayed development”, “Limb stiffness”, “Rigidity in the limbs”, “Intellectual impairment”, “Timid and easily startled”,
“Muscle wasting”, and “Pale or dull complexion”, was identified as the core set of symptom associated with this spastic
CP patients. Additionally, these individuals typically exhibited a tongue with “Thin and white tongue coating”, “Pale red
tongue”, and a “Rapid and thready pulse”. (2) “Irritability and easy anger”, “Dull expression”, “Restlessness and
insomnia”, “Drooling”, “Delayed response”, “Spontaneous sweating”, and “Cyanosis of the fingertips”. (3)“Poor
appetite”, “Dry and brittle hair” “Slow Movement of limbs”, “Light fingerprints”, “Phlegm rales in the throat”,
“Frequent clear urination”, and “Diarrhea”. (4)“Stunted growth”, “Stiff neck”, “Susceptibility to colds”, and
a persistent state of “Fatigue and weakness”. Notably, as demonstrated in Figure 3. Within these clusters, the first
group stands out as the core TCM symptom commonly associated with spastic CP children, while other clusters
encompass non-core TCM symptom.

Association Rule Analysis Results of the High-Frequency TCM Symptom on Spastic CP

Patients

We conducted an association rule analysis, focusing on the 30 top TCM symptom among the children with spastic CP.
Our approach involved setting a minimum support threshold at 0.1 and a minimum confidence threshold at 0.8, which
effectively guided the entire association rule analysis process. “Motor dysfunction” had a strong association with the
TCM symptom of “Impaired speech” and “Delayed development”. Similarly, “Delayed development” had a strong link
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Table 3 Association Rules for High-Frequency TCM Symptom in Spastic CP Patients

Lhs Rhs Support Cofidence
| Motor dysfunction Impaired speech 0.9695652 0.9695652
2 Motor dysfunction Delayed development 0.9434783 0.9434783
3 Delayed development Impaired speech 09173913 0.9723502
4 Impaired speech Delayed development 09173913 0.9461883
5 Delayed development Limb stiffness 0.8956522 0.8956522
6 Limb stiffness Impaired speech 0.8695652 0.9708738
7 Impaired speech Limb stiffness 0.8695652 0.8968610
8 Limb stiffness Delayed development 0.8521739 0.9514563
9 Delayed development Limb stiffness 0.8521739 0.9032258
10 Rigidity in the limbs Thin and white tongue coating | 0.8434783 0.8434783
Il Delayed development, limb stiffness Impaired speech 0.8260870 0.9693878
12 Impaired speech, limb stiffness Delayed development 0.8260870 0.9500000
13 Delayed development, impaired speech Limb stiffness 0.8260870 0.9004739
14 Thin and white tongue coating Impaired speech 0.8173913 0.9690722
15 Impaired speech Thin and white tongue coating | 0.8173913 0.8430493
16 Impaired speech Delayed development 0.8130435 0.9639175
17 Thin and white tongue coating Pale or dull complexion 0.8130435 0.8617512
18 | Delayed development, thin and white tongue coating Impaired speech 0.7869565 0.9679144
19 Impaired speech Delayed development 0.7869565 0.9627660
20 Delayed development, impaired speech Thin and white tongue coating | 0.7869565 0.8578199

with “Impaired speech” and “Limb stiffness”, reaffirming the symbiotic nature of these symptom. Notably, “Impaired
speech” and “Delayed development” “Limb stiffness” and “Impaired speech”, as well as “Delayed development” and
“Limb stiffness”, collectively shaped the fundamental symptom that individuals with spastic CP. Our findings shed light
on “Thin and white tongue coating” as the most prevalent tongue and pulse symptom among individuals with spastic CP.
Simultaneously, “Pale or dull complexion” is the most common facial feature among spastic CP patients. This is similar
as the diagnosis of the syndrome pattern characterized by liver exuberant and spleen weakness adds further credence to
these findings. We ranked and analyzed the top 20 contributing association rules within our research, which is presented
in Table 3.

Discussion

CP is generally considered to fall within the scope of TCM ‘s “Five Chi, Five Ruan, and Five Ying”, often related to
congenital insufficiency or improper postnatal nurturing.”” The disorder is thought to involve disharmony in organs such
as the liver, spleen, and kidneys.”> However, the diagnosis and treatment of TCM are often a dynamic and personalized
process.>* TCM practitioners approach treatment through a holistic lens, aiming to restore balance of gi blood, and yin
yang in the body. But different academic system and professional orientations can lead to varying syndrome differentia-
tion conclusions, such as organ-based differentiation(Zang Fu), defense-qi nutrient, and blood differentiation(Wei Qi
Ying Xue), six meridian differentiation(Liu Jing), and three-Jiao differentiation.”*° This rich tapestry of theories
enriches the scope of clinical diagnosis and treatment in TCM but also poses challenges in organizing, summarizing,
communicating, and learning knowledge of diagnosis and treatment in TCM. Therefore, this study does not use TCM
syndrome types as the classification basis for children with CP. Instead, it chooses spastic CP diagnosed in Western
medicine as the inclusion criteria for the study. Through the integration of data mining techniques, evidence-based
medicine theory, computer technology, and TCM theory, it explores the characteristics of TCM symptom in the included
children diagnosed with spastic CP. It aims to summarizes the clinical symptom of the corresponding population,
understands their clinical differentiation patterns, and ultimately provides guidance and standardization for clinical
TCM intervention for this disease.
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Syndrome differentiation and treatment(SDT)?"-**

is one of the fundamental therapeutic principles in TCM. It entails
TCM practitioners continuously collecting experiences from effective medical cases of predecessors and their own
practice. By aggregating these experiences, TCM practitioners identify common symptom, contemplate shared patho-
genic mechanisms, and summarize effective treatment methods and prescriptions. Building upon this knowledge,
practitioners then apply these identified patterns to clinical practice and continually validate the reliability of the derived
principles through ongoing clinical verification and validation. The significance of SDT transcends theoretical under-
standing—it is deeply rooted in pragmatic clinical application. TCM practitioners implement these principles in the
tailoring treatments to individual patients. Through continuous application and validation in clinical scenarios, practi-
tioners not only reaffirm the efficacy of identified patterns but also contribute to the evolution and expansion of the vast
tapestry of TCM knowledge.?*°

This study focused on exploring TCM symptom distribution in children with spastic CP. A comprehensive analysis was
carried out on 231 medical records, involving data extraction, cleansing, mining, and summarization. The study revealed
prevalent TCM symptom shared among the majority of patients with spastic CP, typified by “Motor dysfunction”,
“Impaired speech”, “Delayed development”, and “Limb stiffness”. Furthermore, over half of the patients exhibited similar
symptom such as “Thin and white tongue coating”, “Rigidity in the limbs”, “Intellectual impairment”, “Stiff neck”, and
“Light fingerprints” with “Pale red tongue” and “Rapid and thready pulse”, which shed light on specific TCM patterns
observed in both tongue and pulse manifestations, contributing valuable insights into the diagnostic and therapeutic
approaches for spastic CP within the realm of TCM. The study provides a foundational understanding to aid further
research and to refine tailored treatments for affected individuals, potentially improving their overall quality of life.

Among the top-ranking associations of symptom, patterns emerge wherein “Motor dysfunction” intertwine with
“Impaired speech”, “Motor dysfunction” coexist with “Delayed development”, and “Impaired speech” are accompanied
by “Delayed development”. These association rules provide critical insights into the intricate interplay of symptom,*'
allowing for a more nuanced understanding of the spastic CP. Upon analysis of clustering and high-frequency TCM
symptom, a central framework of core symptom for children diagnosed with spastic CP materializes. This foundational
framework comprises important symptom like “Motor Dysfunction”, “Impaired speech”, “Delayed development”, “Limb
stiffness”, “Rigidity in the limbs”, “Intellectual impairment”, “Timid and easily startled”, “Muscle wasting”, and “Pale or
dull complexion”. These core symptoms encapsulate the key clinical manifestations that define spastic CP in the context of
TCM. In addition to the core symptom, there exist non-core symptom that, while noteworthy, do not hold the same level of
important in characterizing spastic CP. These include manifestations such as “Irritability and easy anger”, “Dull expres-
sion”, “Restlessness and insomnia”, “Drooling”, “Delayed response”, “Spontancous sweating”, “Cyanosis of the finger-
tips”, “Poor appetite”, “Dry and brittle hair” “Slow Movement of limbs”, “Light fingerprints”, “Phlegm rales in the throat”,
“Frequent clear urination”, “Diarrhea”, “Stunted growth”, “Stiff neck”, “Susceptibility to colds”, and a persistent state of
“Fatigue and weakness”. Although these non-core symptoms provide valuable clinical insights into the overall health and
state of the individual with CP, they are not as pivotal as the core symptom in characterizing the condition. By addressing
the core symptom that play a central role in spastic CP, TCM practitioners can give treatment method that encompass
a holistic approach striving for enhanced therapeutic outcomes and improved quality of life for affected individuals. This
statement aligns with both the TCM knowledge and adheres to the scientific achievements of data mining technology.

Based on the core and non-core symptom observed in the study, the TCM perspective attributes the pathogenesis of
these symptom to an exuberant of liver Qi, weakness in spleen Qi, and the dominant and overpowering nature of liver Qi
over the weaker spleen. This categorization aligns with TCM syndrome differentiation as the “liver exuberant and spleen
weakness” pattern.*> In TCM theory, the liver is believed to govern the body’s tendons and fascia,*® playing a vital role
in storing and regulating blood.>* On the other hand, the spleen is responsible for managing the body’s muscles,
controlling the processes of digestion and absorption, and serving as the fundamental source for Qi and blood
generation.”> When the liver exerts dominance and overpowers the spleen, especially when the spleen is weak, its
functionality diminishes.*® This weakening leads to compromised digestion and absorption processes, resulting in
a deficiency of Qi and blood generation. Consequently, insufficient blood storage in the liver and its impaired ability
to regulate blood volume lead to the muscles losing their nourishment from Qi and blood. This deficiency manifests as
stiffness in the limbs, neck rigidity, and difficulty in swallowing, often referred to as the “internal wind” phenomenon or

920 https: Journal of Multidisciplinary Healthcare 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Wang et al

the “five Ying” concept in TCM, characterized by involuntary muscle spasms and rigidity. When the child’s limbs are
stimulated, the muscle spasms intensify. Hence, by addressing the imbalance and strengthening the spleen while
regulating liver Qi, practitioners possibility could restore balance in the body, ultimately ameliorating the symptom
and enhancing the overall well-being of children with spastic CP.

Conclusion

This research employed an interdisciplinary methodologies, integrating data mining techniques, evidence-based medi-
cine, computer technology, big data mining, and TCM. The comprehensive approach was aimed at conducting an in-
depth investigation of medical records to explore and understand the TCM symptom prevalent in patients with spastic
CP. This study identified the core symptom of spastic CP and tentatively suggests that the clinical manifestations of
spastic CP are essentially consistent with the TCM pattern “liver exuberance and spleen weakness”. This finding has
facilitated the preliminary establishment of correlations between TCM pattern differentiation and the disease in medicine.
It is anticipated that this correlation will bring tangible benefits to a larger number of children with spastic CP. However,
it’s important to acknowledge the limitations of this study, which primarily stem from the constraints of individual
resources. Only 231 cases of spastic CP were included for analysis. Considering that spastic CP is not a common
condition, we still believe that the study results hold valuable insights and merit consideration. Looking ahead, more data
mining study and clinical interventional research in the subsequent phase, built upon the insights derived from this study,
is expected to bring tangible benefits to a larger number of children grappling with spastic CP.
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As a data mining study, it did not include any individual patient details. So, the ethics committee allowed it without
needing parental consent. Still, the study strictly followed all principles of the Declaration of Helsinki.
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