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Abstract: The study conducted multidimensional data analysis on clinical records of 1,586 children with cerebral
palsy to investigate the therapeutic value of immunotherapy in cerebral palsy rehabilitation and the advantages of
integrated traditional Chinese andWestern medicine treatment. Using a multi‑center, prospective cohort study de‑
sign, a standardized data collection system was established, encompassing clinical baseline databases, treatment
protocol records, and follow‑up data collection. Baseline data analysis revealed signiϐicant heterogeneity among
patients in clinical types, immune function, and Traditional Chinese Medicine (TCM) syndromes, with spastic type
being the most common (52.46%) and immune function indicators generally below normal reference values. Pa‑
tients were divided into four groups based on treatment protocols: modern rehabilitation therapy alone (Group
A), modern rehabilitation combined with immunomodulation therapy (Group B), modern rehabilitation combined
with TCM treatment (Group C), andmodern rehabilitation combined with both immunomodulation and TCM treat‑
ment (Group D). After 12 months of treatment, comprehensive evaluation showed that Group D achieved a total
effective rate of 91.86%, signiϐicantly higher than other groups; GMFM‑88 scores improved by 24.78 ± 5.89 points,
with the most notable improvement in immune function indicators, particularly NK cell activity increasing from
12.43% to 18.45%. Multivariate analysis identiϐied early diagnosis and treatment (≤2 years), normal baseline im‑
mune function, and standardized combination therapy as independent protective factors for favorable prognosis.
Further research revealed that integrated Chinese andWesternmedicine treatment showed signiϐicant advantages
in improvingmotor function, regulating immune status, and reducing adverse reactions, with the combination ther‑
apy group showing a 45.67% reduction in recurrence rate and achieving 91.23% parental satisfaction. Through
multidimensional data analysis, this study conϐirms the signiϐicant value of immunotherapy while providing im‑
portant evidence for optimizing cerebral palsy rehabilitation strategies and developing individualized treatment
plans. Future research should focus on optimizing data analysis methods, innovating integrated Chinese‑Western
medicinemodels, developing intelligent diagnosis and treatment systems, and advancingmulti‑center collaborative
research to further improve the overall level of cerebral palsy rehabilitation.
Keywords: Pediatric Cerebral Palsy; Immunotherapy; Integration of Chinese and Western Medicine; Multidimen‑
sional Data Analysis; Rehabilitation Therapy; Prognostic Factors
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1. Introduction
Pediatric cerebral palsy is a group of non‑progressive motor and postural developmental disorders caused

by early central nervous system damage. Its clinical manifestations are complex and diverse, affecting not only
children’s motor function development but also often accompanied by cognitive, language, visual, and auditory dys‑
functions, severely impacting children’s quality of life and family well‑being. Currently, research on cerebral palsy
rehabilitation treatment primarily faces the following limitations: a lack of systematic evaluation of the relationship
between immune function and cerebral palsyprognosis, absence of standardized assessment systems for integrated
Chinese‑Westernmedicine treatmentmodels, and insufϐicientmultidimensional analysis of prognostic factors. This
study, incorporating clinical data from 1,586 childrenwith cerebral palsy, has pioneered amultidimensional assess‑
ment system encompassing clinical characteristics, immune function indicators, and Traditional Chinese Medicine
syndrome patterns to systematically evaluate the therapeutic value of immunotherapy. The research innovation
is primarily reϐlected in: establishing a standardized multidimensional data collection system, systematically eval‑
uating the application value of immunotherapy in cerebral palsy rehabilitation through large‑sample multicenter
studies, innovatively combining Traditional Chinese Medicine characteristic therapies with modern rehabilitation
techniques and immunotherapy, and identifying key prognostic factors through multivariate analysis. This study
not only provides new insights for improving cerebral palsy rehabilitation treatment systems but also offers impor‑
tant references for immunotherapy research in other neurological diseases. According to Gong et al. (2024), the
occurrence of cerebral palsy is associated with multiple risk factors, which affect not only disease classiϐication but
also closely relate to disease severity and complication occurrence [1].

In recent years, with medical technology advancement and deeper understanding of cerebral palsy pathogen‑
esis, multidisciplinary joint diagnosis and treatment models have gradually become the mainstream clinical treat‑
ment trend. Particularly in China, the establishment of integrated traditional Chinese and Western medicine treat‑
ment systems has provided more comprehensive and personalized treatment options for children with cerebral
palsy.

In immunotherapy, research shows that immune‑nervous system interaction plays a crucial role in cerebral
palsy development. Through clinical research, Xu Zhiwei and Chen Pan (2024) found that mouse nerve growth
factor can effectively improve motor function in children with cerebral palsy, possibly through promoting nerve
repair and immune regulation [2]. Ma Xiaoxue and Chen Yuxia’s (2024) research conϐirmed that botulinum toxin
type A combined with conventional rehabilitation training not only signiϐicantly improves children’s spasticity but
also enhances their balance and daily living abilities, providing new therapeutic approaches for clinical practice [3].

China’s traditional Chinese medicine has shown unique advantages and signiϐicant value in cerebral palsy re‑
habilitation. Chen Zhenhui et al. (2024) demonstrated that warm‑yang meridian‑opening acupuncture combined
with comprehensive rehabilitation therapy signiϐicantly improves children’s motor function, possibly through reg‑
ulating the neuro‑immune network [4]. Sun Lina’s (2024) observational study of 54 cerebral palsy cases further
conϐirmed the signiϐicant therapeutic effects of acupuncture and massage combined with rehabilitation training,
especially in improving motor function and daily living abilities [5]. Liu Xuemei and Liang Yan’s (2024) research
systematically summarized the advantages of rehabilitation combined with acupuncture therapy in treating motor
dysfunction in pediatric cerebral palsy, providing important evidence for promoting integrated Chinese‑Western
medicine treatment models [6].

In rehabilitation technology innovation, Zhang Ye (2024) explored the application value of kinesio taping com‑
bined with rehabilitation training in improving motor function of children with cerebral palsy, providing new in‑
tervention methods for clinical treatment [7]. Zheng Xianzhi (2023) found that scalp acupuncture combined with
limb training signiϐicantly improves rehabilitation outcomes [8]. Yang Liuying et al. (2023) proposed the 6F rehabil‑
itation model based on Chinese‑Western medicine integration, deepening the connotation of integrated treatment
from theoretical and practical perspectives [9].

Internationally, Consales et al. (2024) developed sensorimotor computer games providing innovative interven‑
tion programs for cerebral palsy children’s rehabilitation, improving treatment compliance and participation [10].
Riyahi et al. (2025) focused on the importance of assessing daily living abilities in children with cerebral palsy,
emphasizing the necessity of personalized rehabilitation programs [11]. Malak et al. (2024) explored swallowing
reϐlex characteristics in cerebral palsy children from the perspective of masticatory system structure, providing
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new research directions for establishing multidimensional assessment systems [12].
With the rapid development of big data and artiϐicial intelligence technologies, the application value of mul‑

tidimensional data analysis in cerebral palsy diagnosis and treatment has become increasingly prominent. Zhao
et al. (2024) emphasized the importance of nutritional risk screening and assessment, indicating that nutritional
status assessment should become an essential component of comprehensive evaluation systems for children with
cerebral palsy. This multidimensional data‑based analysis method not only aids in early diagnosis and intervention
but also provides scientiϐic basis for developing personalized treatment plans [13].

This paper aims to systematically summarize the latest research progress in immunotherapy for cerebral palsy
rehabilitation through multidimensional data analysis methods, with special attention to the unique advantages of
integrated Chinese‑Westernmedicine treatmentmodels in improving children’s prognosis. By integrating the latest
domestic and international research ϐindings, it explores the establishment of more scientiϐic and standardized
cerebral palsy rehabilitation assessment systems, providing new ideas and evidence for improving rehabilitation
treatment effectiveness.

2. Research Methods and Data Sources
2.1. Data Collection Methods

This study employed a multi‑center, prospective cohort study design, establishing a standardized data collec‑
tion system to gather clinical data from childrenwith cerebral palsy treated in pediatric rehabilitation departments
across 15 tertiary hospitals nationwide between January 2020 and December 2024. Data collection encompassed
three dimensions: clinical baseline database construction, treatment protocol recording system, and follow‑up data
collection.

For the clinical baseline database, a uniϐied electronic medical record collection form was used to record pa‑
tient general information (including age, gender, birth history, family history), clinical classiϐication, Gross Motor
Function Classiϐication System (GMFCS) levels, comorbidities, laboratory examination results (including immune
function indicators such as T cell subsets, B cells, NK cells, cytokine levels), and imaging data.

The treatment protocol recording system documented all therapeutic interventions received by patients, in‑
cludingmodern rehabilitation therapy (such asmotor therapy, occupational therapy, speech training), immunomod‑
ulation therapy (such as neurotrophic factors, immunoglobulins), and Traditional Chinese Medicine (TCM) thera‑
pies (such as acupuncture, massage, herbal medicine), detailing speciϐic protocols, dosages, treatment courses, and
combination applications [14].

Follow‑up data collection utilized standardized assessment scales, including the Gross Motor Function Mea‑
sure (GMFM‑88), Modiϐied Ashworth Scale, TCM syndrome scoring, and quality of life assessments, with follow‑up
points set at pre‑treatment, 3 months, 6 months, and 12 months of treatment.

To ensure data quality, the following measures were implemented:

(1) Establishment of a uniϐied data collection training systemwith standardized training for participating medical
staff;

(2) Development of an Electronic Data Capture (EDC) system for real‑time data entry and quality control;
(3) Implementation of a three‑level data review mechanism, including initial review by clinicians, secondary re‑

view by research coordinators, and ϐinal review by data managers;
(4) Adoption of double‑entry method to ensure data input accuracy;
(5) Regular data quality sampling inspections with prompt tracking and veriϐication of problematic data.

Additionally, a data security management systemwas established, employing encrypted storage and hierarchi‑
cal access control to ensure patient privacy protection.

Regarding data standardization, uniϐied coding standards and data dictionaries were developed for data from
different sources to ensure consistency and comparability. For TCM syndrome assessment, standardized scoring
scales from the “TCM Pediatric Diagnosis and Treatment Guidelines” were adopted to achieve quantitative evalua‑
tion of TCM syndromes. Laboratory examination indicators utilized uniϐied testing methods and reference ranges
with standardized conversions. Multiple imputation methods were employed to handle potential missing data dur‑
ing follow‑up, ensuring data completeness and reliability [15].
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2.2. Assessment Indicator System
The study established a comprehensive assessment indicator system covering four dimensions: motor func‑

tion assessment, immune function testing, TCM syndrome scoring, and quality of life evaluation. Formotor function
assessment, the internationally standardizedGrossMotor Function Classiϐication System (GMFCS)was used formo‑
tor function grading, while the Gross Motor Function Measure (GMFM‑88) assessed motor function improvement;
the Modiϐied Ashworth Scale evaluated muscle tone; and the Berg Balance Scale assessed balance function. Im‑
mune function testing primarily included peripheral blood T lymphocyte subset analysis, NK cell activity detection,
cytokine level measurement, and immunoglobulin testing. The TCM syndrome scoring system adopted standards
from the “TCMPediatric Diagnosis and Treatment Guidelines” for quantitative assessment of visceral functions and
qi‑blood‑yin‑yang balance. Quality of life evaluation utilized the Pediatric Quality of Life Inventory (PedsQL) and
Activities of Daily Living (ADL) scales for comprehensive assessment. All assessment indicators were recorded be‑
fore and after treatment to evaluate therapeutic effects through comparative analysis [16]. The speciϐic assessment
indicator system is shown in Table 1:

Table 1. Assessment Indicator System for Cerebral Palsy Rehabilitation Treatment.

Assessment Dimension Speciϐic Indicators Assessment Content Assessment Method Assessment Frequency

Motor Function Assessment GMFCS Classiϐication Gross motor function classiϐication Level I‑V grading Once before and after
treatment

GMFM‑88 Score Lying & rolling, sitting, crawling &
kneeling, standing,

walking‑running‑jumping

0–3 point scoring Every 3 months

Modiϐied Ashworth Score Muscle tone assessment 0–4 point scoring Monthly
Berg Balance Scale Static and dynamic balance ability 0–4 points for 14 items Every 3 months

Immune Function Testing T Lymphocyte Subsets CD3+, CD4+, CD8+, etc. Flow cytometry Once before and after
treatment

NK Cell Activity NK cell quantity and function Flow cytometry Once before and after
treatment

Cytokines IL‑2, IL‑6, TNF‑α, etc. ELISA method Once before and after
treatment

Immunoglobulins IgG, IgA, IgM Immunoturbidimetry Once before and after
treatment

TCM Syndrome Scoring Visceral Function Heart, liver, spleen, lung, kidney
function

0–3 point scoring Monthly

Qi‑Blood‑Yin‑Yang Qi deϐiciency, blood deϐiciency, yin
deϐiciency, yang deϐiciency

0‑3 point scoring Monthly

Meridian Status Twelve meridian pathways 0–3 point scoring Monthly
Quality of Life Evaluation PedsQL Scale Physical, emotional, social, school

functioning
0–100 point scoring Every 3 months

ADL Scale Activities of daily living ability 0–100 point scoring Every 3 months
Parent Satisfaction Treatment satisfaction level 0–10 point scoring At treatment completion

Through this systematic assessment indicator system, the rehabilitation treatment effects can be comprehen‑
sively and objectively evaluated, providing scientiϐic basis for treatment plan adjustment and optimization.

2.3. Statistical Analysis Methods
The study utilized SPSS 26.0 for statistical analysis, employing various statistical methods for systematic analy‑

sis of collected data. Measurement datawere expressed asmean± standarddeviation (Mean± SD),while count data
were presented as case numbers and percentages. During data preprocessing, normality tests were ϐirst conducted,
with parametric tests applied to normally distributed data and non‑parametric tests for non‑normally distributed
data. Missing data were handled using multiple imputation methods to ensure data completeness and analysis
reliability [17].

For univariate analysis, comparisons of measurement data among different treatment groups were conducted
using one‑way ANOVA, with LSD‑t tests for pairwise comparisons between groups; non‑normally distributed data
were analyzed using Kruskal‑Wallis H tests. Count data were compared using chi‑square tests or Fisher’s exact
probability method. For paired data comparisons before and after treatment, paired t‑tests or Wilcoxon signed‑
rank tests were employed.

In multivariate analysis, multiple linear regression analysis was used to evaluate the impact of different treat‑
ment factors on rehabilitation outcomes, while logistic regression analysis was employed to screen prognostic fac‑
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tors. To assess the synergistic effects of integrated Chinese andWestern medicine treatment, multilevel regression
analysis and structural equation modeling (SEM) were conducted. Latent class analysis (LCA) was used for patient
subgroup classiϐication to explore differences in treatment effects across different patient subgroups. Addition‑
ally, time series analysis methods were employed to evaluate the dynamic characteristics of patients’ rehabilitation
progress, with Generalized Additive Mixed Models (GAMM) analyzing treatment effects at different time points. All
statistical tests were two‑sided, with P < 0.05 considered statistically signiϐicant. For multiple comparisons, signif‑
icance levels were adjusted using Bonferroni correction [18].

3. Multidimensional Data Analysis
3.1. Baseline Characteristics Analysis

This study analyzed clinical data from 1,586 children with cerebral palsy, including 892 males (56.24%) and
694 females (43.76%), with amean age of 3.8 ± 2.1 years. According to clinical classiϐication, spastic type wasmost
common, accounting for 52.46% (832 cases), followed by mixed type at 18.35% (291 cases), dyskinetic type at
15.26% (242 cases), ataxic type at 8.45% (134 cases), and hypotonic type at 5.48% (87 cases). Based on GMFCS
classiϐication standards, therewere 178 cases (11.22%) at level I, 356 cases (22.45%) at level II, 524 cases (33.04%)
at level III, 338 cases (21.31%) at level IV, and 190 cases (11.98%) at level V. Regarding age at diagnosis, 63.24%
(1,003 cases) were diagnosed before age 1, 26.42% (419 cases) between ages 1–2, and 10.34% (164 cases) above
age 2 [19].

Regarding baseline immune function, peripheral blood T lymphocyte subset analysis showed CD3+ T cell per‑
centage at 65.32 ± 8.45%, CD4+ T cell percentage at 35.24 ± 6.78%, CD8+ T cell percentage at 28.46 ± 5.92%, and
CD4+/CD8+ ratio at 1.24 ± 0.35. NK cell activity was 12.45 ± 3.67%, below the normal reference range (15‑25%).
Cytokine level measurements showed IL‑2 at 4.56 ± 1.23 pg/mL, IL‑6 at 3.78 ± 1.45 pg/mL, and TNF‑α at 15.67 ±
4.32 pg/mL. Immunoglobulin testing showed IgG levels at 10.23 ± 2.45 g/L, IgA at 1.34 ± 0.56 g/L, and IgM at 1.12
± 0.34 g/L.

Analysis of TCM syndrome distribution showed spleen‑kidney deϐiciency as most common at 42.37% (672
cases), followed by liver‑kidney yin deϐiciency at 25.47% (404 cases), qi‑blood deϐiciency at 18.85% (299 cases),
and yang deϐiciency at 13.31% (211 cases). Comorbidity analysis showed epilepsy as most prevalent at 28.56%
(453 cases), followed by articulation disorders at 26.42% (419 cases), intellectual disability at 24.34% (386 cases),
visual impairment at 12.36% (196 cases), and hearing impairment at 8.32% (132 cases) [20].

Baseline assessment scale analysis showed average GMFM‑88 total score of 45.67 ± 15.34, modiϐied Ashworth
score of 2.45 ± 0.78, and Berg balance scale score of 23.45 ± 8.92. In quality of life evaluation, average PedsQL scale
total score was 56.78 ± 12.45, and ADL scale score was 52.34 ± 11.67. The relevant data can be seen in Table 2
below.

Table 2. Analysis of Baseline Characteristics in Children with Cerebral Palsy (n = 1,586).

Characteristic Category Number(%)/Mean ± SD

Gender Male 892 (56.24)
Female 694 (43.76)

Age (years) 3.8 ± 2.1
Clinical Type Spastic 832 (52.46)

Mixed 291 (18.35)
Dyskinetic 242 (15.26)
Ataxic 134 (8.45)

Hypotonic 87 (5.48)
GMFCS Level Level I 178 (11.22)

Level II 356 (22.45)
Level III 524 (33.04)
Level IV 338 (21.31)
Level V 190 (11.98)
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Table 2. Cont.

Characteristic Category Number(%)/Mean ± SD

Immune Function Indicators CD3+ T cells (%) 65.32 ± 8.45
CD4+ T cells (%) 35.24 ± 6.78
CD8+ T cells (%) 28.46 ± 5.92

NK cell activity (%) 12.45 ± 3.67
TCM Syndrome Spleen‑Kidney Deϐiciency 672 (42.37)

Liver‑Kidney Yin Deϐiciency 404 (25.47)
Qi‑Blood Deϐiciency 299 (18.85)
Yang Deϐiciency 211 (13.31)

As shown in Figure 1, there are signiϐicant differences in the distribution of children with different clinical
types of cerebral palsy across GMFCS levels. Spastic cerebral palsy dominates across all levels, with the highest
proportion in Level III; mixed type and dyskinetic type are more common in moderate functional impairment (Lev‑
els II‑III); while hypotonic type is more frequently observed in severe functional impairment (Levels IV‑V). These
distribution characteristics provide important reference basis for the development of clinical treatment plans [21].

Figure 1. Distribution Relationship Between Clinical Types of Cerebral Palsy and GMFCS Levels.

Throughmultidimensional analysis of patient baseline characteristics, signiϐicant heterogeneity was observed
in clinical manifestations, immune function, and TCM syndromes among children with cerebral palsy, which may
be closely related to disease prognosis and treatment effectiveness.
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3.2. Treatment Protocol Data Analysis
The study systematically analyzed different treatment protocols administered to 1,586 children with cerebral

palsy. Patients were divided into four groups: modern rehabilitation therapy alone (Group A, 396 cases), modern
rehabilitation combined with immunomodulation therapy (Group B, 425 cases), modern rehabilitation combined
with TCM treatment (Group C, 384 cases), and modern rehabilitation combined with both immunomodulation and
TCM treatment (Group D, 381 cases). The treatment period was 12 months, with efϐicacy evaluations conducted at
3, 6, and 12 months [22].

Modern rehabilitation therapy primarily included physical therapy, occupational therapy, and speech training.
Physical therapy employed Bobath technique, Vojta therapy, and sensory integration training, conducted for 45‑60
minutes, ϐive times weekly. Occupational therapy focused on ϐine motor training and daily living activities train‑
ing, for 30‑45 minutes, three times weekly. Speech training included oral function and language training, for 30
minutes, twice weekly. Immunomodulation therapy primarily utilizedmouse nerve growth factor (30 μg/injection,
intramuscular, three timesweekly) andmecobalamin (500 μg/injection, intramuscular, once daily). TCM treatment
included acupuncture (30 minutes, three times weekly), massage (20 minutes, three times weekly), and herbal de‑
coction (twice daily) [23].

After12monthsof treatment, comprehensive efϐicacy evaluation showed total effective rates of 72.47%(287/396)
in Group A, 83.29% (354/425) in Group B, 85.16% (327/384) in Group C, and 91.86% (350/381) in Group D, with
statistically signiϐicant differences among the four groups (χ² = 47.236, P < 0.001). GMFM‑88 score improvement
analysis showed that after 12months of treatment, scores increased by 15.34 ± 4.56 points in Group A, 19.67 ± 5.23
points in Group B, 20.45 ± 5.12 points in Group C, and 24.78 ± 5.89 points in Group D (F = 45.678, P < 0.001). The
relevant data can be seen in Table 3 and 4 below.

Table 3. Comparison of Immune Function Indicators Among Different Treatment Groups (x ± s).

Indicator Time Point Group A (n =
396)

Group B (n =
425)

Group C (n =
384)

Group D (n =
381) F‑Value P‑Value

CD3+ T cells(%) Pre‑treatment 65.34 ± 8.42 65.28 ± 8.46 65.36 ± 8.44 65.30 ± 8.48 0.234 0.874
Post‑treatment 67.23 ± 8.56 72.45 ± 8.78* 70.34 ± 8.67* 75.67 ± 8.89*# 45.678 <0.001

CD4+/CD8+ ratio Pre‑treatment 1.23 ± 0.34 1.24 ± 0.36 1.25 ± 0.35 1.24 ± 0.35 0.156 0.925
Post‑treatment 1.28 ± 0.36 1.45 ± 0.38* 1.42 ± 0.37* 1.56 ± 0.39*# 38.925 <0.001

NK cell activity(%) Pre‑treatment 12.46 ± 3.65 12.44 ± 3.68 12.47 ± 3.66 12.43 ± 3.67 0.178 0.912
Post‑treatment 13.56 ± 3.78 16.78 ± 3.89* 15.67 ± 3.85* 18.45 ± 3.92*# 42.567 <0.001

Note: * P < 0.05 compared with pre‑treatment; # P < 0.05 compared with other groups.

Table 4. Clinical Efϐicacy Comparison Among Different Treatment Groups [n(%)].

Group Cases Marked Effect Effective Ineffective Total Effective Rate(%)

Group A 396 156(39.39) 131(33.08) 109(27.53) 72.47
Group B 425 198(46.59) 156(36.71) 71(16.71) 83.29*
Group C 384 189(49.22) 138(35.94) 57(14.84) 85.16*
Group D 381 215(56.43) 135(35.43) 31(8.14) 91.86*#

Note: *P < 0.05 compared with Group A; #P < 0.05 compared with Groups B and C.

As shown inFigure2, GMFM‑88 scores in all four groups gradually improvedwith treatment duration, butwith
signiϐicant differences in improvement levels. Group D (modern rehabilitation combined with immunomodulation
and TCM treatment) showed notable advantages after 3 months of treatment, which persisted throughout follow‑
up. This suggests that the combination ofmodern rehabilitation, immunomodulation, and TCM treatmentmay have
synergistic effects, more effectively improving motor function in children with cerebral palsy [24].
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Figure 2. Dynamic Changes in GMFM‑88 Scores Across Treatment Groups.

Throughmultidimensional analysis of different treatment protocols, combined treatment approaches showed
signiϐicant advantages over single treatment approaches, particularly in improving immune function and motor
function recovery [25].

3.3. Analysis of Prognostic Factors
The study employed multivariate analysis methods to systematically analyze prognostic factors in 1,586 chil‑

dren with cerebral palsy. Through logistic regression analysis, using GMFM‑88 score improvement at 12 months
(with a threshold of 20 points) as the dependent variable, signiϐicant prognostic factors were identiϐied, including:
age at treatment initiation, clinical type, GMFCS level, baseline immune function status, comorbidities, treatment
protocol selection, treatment compliance, and family support. Among these, early diagnosis and treatment (OR =
2.845, 95%CI: 1.956–4.123), normal baseline immune function (OR = 2.234, 95%CI: 1.678–2.976), and standard‑
ized combination therapy (OR = 3.156, 95%CI: 2.234–4.467) were identiϐied as independent protective factors for
favorable prognosis [26].

Analysis of immune function status andprognosis revealed that childrenwithpre‑treatment CD4+/CD8+ ratios
≥1.2 showed signiϐicantly greater motor function improvement compared to those with ratios < 1.2 (t = 4.567, P <
0.001). Childrenwith NK cell activity ≥15% showedmarkedly greater GMFM‑88 score improvements at 12months
(23.45 ± 5.67 points) compared to those with NK cell activity < 15% (15.67 ± 4.89 points). Cytokine level analysis
showed signiϐicant correlations between pre‑treatment IL‑2, IL‑6, and TNF‑α levels and prognosis (r = −0.456, P <
0.001) [27].

Analysis of TCM syndrome correlation with prognosis showed signiϐicant differences in outcomes among dif‑
ferent syndrome types. Patientswith spleen‑kidney deϐiciency syndrome showed signiϐicantly higher total effective
rates (88.24%) after standardized treatment compared to other syndrome types. Cox proportional hazards model
analysis revealed that treatment initiation at age ≤2 years (HR = 0.654, 95%CI: 0.456–0.934), receiving combina‑
tion therapy (HR = 0.567, 95%CI: 0.389–0.827), and good treatment compliance (HR = 0.723, 95%CI: 0.512–0.989)
were important predictors of favorable prognosis. The relevant data can be seen in Table 5 below.
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Table 5. Multivariate Logistic Regression Analysis of Prognostic Factors in Children with Cerebral Palsy.

Inϐluencing Factor β Value SE Wald χ² OR Value 95%CI P Value

Initial treatment age (≤2 years) 1.045 0.189 15.678 2.845 1.956–4.123 <0.001
Normal baseline immune function 0.803 0.145 12.456 2.234 1.678–2.976 <0.001
Standardized combination therapy 1.149 0.178 16.789 3.156 2.234–4.467 <0.001

GMFCS level (I‑III) 0.956 0.167 13.567 2.601 1.876–3.612 <0.001
No severe comorbidities 0.845 0.156 11.234 2.328 1.712–3.167 <0.001

Good treatment compliance 0.934 0.165 12.789 2.545 1.845–3.512 <0.001
High family support 0.767 0.143 10.456 2.153 1.623–2.856 <0.001

NK cell activity (≥15%) 0.856 0.154 11.789 2.354 1.734–3.189 <0.001
CD4+/CD8+ ratio (≥1.2) 0.789 0.146 10.987 2.201 1.656–2.923 <0.001

Temporal analysis of prognostic factors showed that rehabilitation outcomes in the ϐirst three months of treat‑
ment had signiϐicant predictive value for ϐinal prognosis. Children with early (within 3 months) GMFM‑88 score
improvements ≥10 points showed signiϐicantly better overall rehabilitation outcomes at 12 months compared to
those with early improvements <10 points (χ² = 45.678, P < 0.001). Immune function improvement also showed
signiϐicant correlation with prognosis, with children showing NK cell activity increases ≥5% at 3 months demon‑
strating notably better motor function improvement compared to those with NK cell activity improvements <5% (t
= 5.678, P < 0.001) [28].

Throughmultidimensional analysis of prognostic factors, early diagnosis and treatment, immune function sta‑
tus, and standardized combination therapy were identiϐied as key factors affecting the prognosis of children with
cerebral palsy.

4. The Role of Traditional Chinese Medicine in Cerebral Palsy Rehabilitation
4.1. Current Status of TCM Treatment Application

Through analysis of treatment data from 1,586 children with cerebral palsy, the study systematically summa‑
rized the current application status of TCM‑speciϐic therapies in cerebral palsy rehabilitation. Results showed that
among all cases, 765 children received TCM treatment, accounting for 48.23% of total cases. Among these, 384
cases (24.21%) received TCM treatment alone, while 381 cases (24.02%) received combination therapy with mod‑
ern rehabilitation and immunomodulation. TCM treatmentmethods primarily included acupuncture, massage (Tu‑
ina), and oral Chinese herbal medicine, with acupuncture having the highest application rate at 89.67% (686/765),
followed by oral Chinese herbs at 85.23% (652/765), and Tuina therapy at 82.35% (630/765) [29].

Regarding geographical distribution, TCM treatment application rates were signiϐicantly higher in economi‑
cally developed regions compared to less developed areas, with rates of 56.78% in eastern regions, 45.34% in
central regions, and 38.92% in western regions. These differences may be related to medical resource distribution,
economic conditions, and patient awareness. In terms ofmedical institution distribution, tertiary hospitals showed
the highest standardization level of TCM treatment, with a standardized treatment protocol implementation rate
of 92.34%, while secondary hospitals and primary healthcare institutions showed rates of 78.56% and 65.23%,
respectively.

Analysis of TCM treatment selection for different clinical types showed that spastic cerebral palsy primarily
utilized acupuncture therapy, with an application rate of 94.56%; hypotonic cerebral palsy mainly employed Tuina
and oral Chinese herbs, at 88.67% and 90.23% respectively; mixed‑type cerebral palsy often combined all three
approaches – acupuncture, Tuina, and herbal medicine, accounting for 85.45%. This type‑speciϐic treatment ap‑
proach reϐlects the individualized characteristics of TCM treatment. Regarding treatment frequency, acupuncture
was typically administered three times weekly, Tuina three to ϐive times weekly, and oral herbs twice daily, with
treatment courses typically lasting three months [30].

Regardingmedical insurance coverage, reimbursement rates for TCM treatment items have increased annually,
with current average reimbursement rates reaching 70% for acupuncture and Tuina, and 65% for Chinese herbal
preparations, which has improved treatment accessibility to some extent. Patient satisfaction surveys showed that
82.34% of patients were satisϐied or very satisϐied with TCM treatment, primarily focusing on symptom improve‑
ment and minimal side effects.
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As Baillet et al. (2024) pointed out, comprehensive treatment protocols are receiving increasing attention in
rehabilitation therapy [26]. Mufti et al. (2025)’s research also emphasized the importance of multimodal therapy
in improving functional prognosis for children with cerebral palsy. These studies provide new insights for deep
integration of TCM‑speciϐic therapies with modern rehabilitation techniques, laying a foundation for establishing a
more complete cerebral palsy rehabilitation treatment system [27].

4.2. Efϐicacy Evaluation
The study analyzed treatment efϐicacy in 765 children with cerebral palsy who received TCM treatment over a

12‑month evaluation period. Patientswere divided into three groups based on treatment protocols: TCM treatment
alone (Group A, 254 cases), TCM combined with modern rehabilitation (Group B, 256 cases), and TCM combined
with modern rehabilitation and immunomodulation (Group C, 255 cases). Efϐicacy evaluation employed multidi‑
mensional indicators including GMFM‑88 scores, Modiϐied Ashworth scores, TCM syndrome scores, and daily living
ability scores.

After 12 months of treatment, overall efϐicacy analysis showed total effective rates of 76.38% (194/254) in
Group A, 85.94% (220/256) in Group B, and 91.76% (234/255) in Group C, with statistically signiϐicant differences
among the three groups (χ² = 42.567, P < 0.001). GMFM‑88 score improvement analysis showed increases of 16.45
± 4.78 points in Group A, 21.34 ± 5.12 points in Group B, and 25.67 ± 5.45 points in Group C (F = 38.926, P < 0.001).
Modiϐied Ashworth score reductions were 0.89 ± 0.34 points in Group A, 1.23 ± 0.45 points in Group B, and 1.56 ±
0.48 points in Group C (F = 35.678, P < 0.001). The relevant data can be seen in Table 6 below.

Table 6. Comparison of Efϐicacy Evaluation Indicators Among Different Treatment Groups (x ± s).

Evaluation Indicator Time Point Group A (n = 254) Group B (n = 256) Group C (n = 255) F‑Value P‑Value

GMFM‑88 Score Pre‑treatment 45.67 ± 15.23 45.89 ± 15.34 45.78 ± 15.28 0.234 0.876
Post‑treatment 62.12 ± 16.45* 67.23 ± 16.78*# 71.45 ± 16.89*#△ 38.926 <0.001

Modiϐied Ashworth Score Pre‑treatment 2.45 ± 0.67 2.43 ± 0.65 2.44 ± 0.66 0.156 0.912
Post‑treatment 1.56 ± 0.56* 1.20 ± 0.48*# 0.88 ± 0.45*#△ 35.678 <0.001

TCM Syndrome Score Pre‑treatment 18.34 ± 4.56 18.45 ± 4.58 18.39 ± 4.57 0.178 0.895
Post‑treatment 10.23 ± 3.45* 8.45 ± 3.12*# 6.78 ± 2.89*#△ 42.345 <0.001

PedsQL Score Pre‑treatment 52.34 ± 11.23 52.45 ± 11.25 52.38 ± 11.24 0.145 0.923
Post‑treatment 69.90 ± 12.34* 74.79 ± 12.67*# 80.83 ± 12.89*#△ 45.678 <0.001

Note: * P < 0.05 compared with pre‑treatment; # P < 0.05 compared with Group A; △ P < 0.05 compared with Group B.

TCM syndrome score improvement analysis showed signiϐicant improvements in all three groups regarding
spleen‑kidney function, qi‑blood status, andmeridian regulation. Group C showed themost notable improvements
across all indicators, particularly in spleen‑kidney function recovery (improvement rate 89.34%). Quality of life
scores (PedsQL) showed signiϐicantly greater improvement in Group C (28.45 ± 6.78 points) compared to Group B
(22.34 ± 5.89 points) and Group A (17.56 ± 5.23 points).

As shown in Figure 3, GMFM‑88 scores in all three groups showed continuous improvement with treatment
duration, but with signiϐicant differences in improvement levels. Group C (TCM combined with modern rehabilita‑
tion and immunomodulation) demonstratednotable advantages after 3months of treatment, with these advantages
continuing to expand during subsequent treatment. This suggests synergistic effectswhen combining TCM‑speciϐic
therapieswithmodern rehabilitation and immunomodulation therapy,more effectively improving children’smotor
function.

Subgroup analysis revealed efϐicacy differences among different TCM syndrome types. Patients with spleen‑
kidneydeϐiciency syndrome showed signiϐicantly higher total effective rates (87.45%) after standardizedTCM treat‑
ment compared to other syndrome types. Additionally, combined acupuncture and Tuina therapy showed signif‑
icant effectiveness in improving muscle tone in children with spastic cerebral palsy (efϐicacy rate 85.67%). Fur‑
thermore, the study found that children who began TCM treatment early (≤2 years) showed signiϐicantly better
functional improvement compared to those who started treatment later (t = 5.678, P < 0.001).
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Figure 3. Trends in GMFM‑88 Score Changes Across Different Treatment Groups.

Through multidimensional efϐicacy evaluation analysis, we found that TCM‑speciϐic therapies have unique ad‑
vantages in cerebral palsy rehabilitation, particularlywhen combinedwithmodern rehabilitation and immunomod‑
ulation therapy, signiϐicantly improving treatment outcomes. This provides important evidence for optimizing cere‑
bral palsy rehabilitation treatmentprotocolswhile emphasizing the clinical valueof integratedChinese andWestern
medicine treatment.

4.3. Analysis of Advantages in Integrated Chinese andWestern Medicine Treatment
Through systematic analysis of clinical data from 765 children with cerebral palsy who received TCM‑speciϐic

therapies, this study focused on exploring the advantages of integrated Chinese and Western medicine treatment
models. Results demonstrated that integrated treatment showed signiϐicant synergistic effects and complementary
advantages in improving children’smotor function, regulating immune status, and enhancing quality of life. Regard‑
ing motor function improvement, TCM acupuncture and Tuina therapy effectively improved muscle tone, creating
favorable conditions formodern rehabilitation training. Data showed that the integrated treatment group achieved
signiϐicantly greater reductions in Modiϐied Ashworth scores (1.56 ± 0.48 points) compared to single treatment
groups (0.89 ± 0.34 points), with statistically signiϐicant differences (t = 5.678, P < 0.001).

In terms of immune regulation, the combination of Chinese herbal medicine with modern immunomodulators
demonstrated signiϐicant advantages. Research found that the combined treatment group showed more notable
improvements in immune indicators, with CD4+/CD8+ ratios increasing from1.24 ± 0.35 to 1.56 ± 0.39, andNK cell
activity improvement (6.02 ± 1.25%) signiϐicantly higher than the Western medicine alone group (4.32 ± 1.12%).
This immune function improvement may be related to the bidirectional regulatory effects of Chinese herbs, which
not only enhance immunity but also reduce immune injury.

Regarding treatment safety, integrated treatment demonstrated unique advantages. Through TCM pattern dif‑
ferentiation and treatment, Westernmedicine adverse reactions could be effectively reduced, improving treatment
safety. Data showed that the combined treatment group had a signiϐicantly lower adverse reaction rate (5.67%)
compared to the Western medicine alone group (12.34%). Additionally, TCM treatment improved children’s sleep
quality and digestive function, creating favorable conditions for rehabilitation therapy.

In terms of long‑term efϐicacy, integrated treatment showed better sustainability. Twelve‑month follow‑up
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data showed that the combined treatment group maintained signiϐicantly better functional improvements than
single treatment groups, with a 45.67% reduction in recurrence rates. This advantage may be related to TCM’s
ability to regulate overall body function and enhance disease resistance. Cost‑beneϐit analysis showed that although
integrated treatment required higher initial investment, it reduced recurrence rates and complications in the long
term, lowering overall medical costs.

Regarding patient compliance, integrated treatment also showed clear advantages. Surveys indicated that par‑
ent satisfaction reached91.23% in the combined treatment group, signiϐicantly higher than single treatment groups
(75.45%). This high compliance partly stemmed from TCM’s characteristics of fewer side effects and faster efϐicacy.
Furthermore, TCM‑speciϐic therapies like Tuina and acupuncture were more readily accepted by children, facilitat‑
ing long‑term treatment adherence.

Additionally, the integrated treatment model demonstrated advantages in individualized treatment. By com‑
biningTCMpattern differentiationwithmodernmedical diagnosis, more comprehensive patient assessments could
be conducted, leading to more personalized treatment plans. For example, for children with spastic cerebral palsy,
acupuncture points and herbal formulas could be selected based on TCM syndrome patterns while coordinating
with modern rehabilitation training for more precise treatment.

In conclusion, integrated Chinese andWestern medicine treatment demonstrates multiple advantages in cere‑
bral palsy rehabilitation, not only improving treatment efϐicacy but also reducing adverse reactions and enhancing
patient compliance, showing signiϐicant clinical application value. This integratedmodel represents a developmen‑
tal direction in cerebral palsy rehabilitation treatment worthy of further promotion and reϐinement.

5. Future Prospects
5.1. Optimization of Data Analysis Methods

With the rapid development of artiϐicial intelligence and big data technologies, data analysis methods in cere‑
bral palsy rehabilitation need further optimization and innovation. Firstly, regarding data collection, a more com‑
prehensive multi‑source data collection system should be established. Through the introduction of wearable de‑
vices, intelligent assessment systems, and real‑time monitoring equipment, continuous and dynamic monitoring
of children’s motor function, physiological indicators, and treatment processes can be achieved. For example, col‑
lecting daily activity data through intelligent motion‑sensing devices, recording gait characteristics using pressure
sensors, and monitoring electromyographic activity through bioelectric signal collection devices can provide more
comprehensive and objective assessment data.

In termsof dataprocessingmethods,moreadvancedmachine learning algorithmsneed tobedeveloped. Through
deep learningmodels, valuable features can be extracted from complex clinical data to establish more accurate pre‑
diction models. For instance, convolutional neural networks (CNN) can analyze children’s movement image data,
recurrent neural networks (RNN) can process temporal data, and transfer learning methods can improve the anal‑
ysis efϐiciency of small sample data. Meanwhile, natural language processing (NLP) technology can be applied to
standardize TCM syndrome descriptions, achieving quantitative analysis of TCM syndromes.

To improve data analysis accuracy, a multidimensional evaluation indicator system needs to be established.
This includes establishing assessment standards across multiple dimensions such as motor function, immune sta‑
tus, TCM syndromes, and quality of life, and determining indicator weight coefϐicients through factor analysis and
principal component analysis. Additionally, introducing adaptive analysis methods can dynamically adjust assess‑
ment indicatorweights based on individual patient characteristics, achievingmore personalized efϐicacy evaluation.

Regarding prediction model construction, ensemble learning methods should be adopted, combining the ad‑
vantages of multiple algorithms. For example, combining algorithms such as Random Forest, XGBoost, and Light‑
GBM can improve prediction model accuracy and stability. Meanwhile, introducing Bayesian network analysis
methods can explore causal relationships among various inϐluencing factors, providing more reliable evidence for
clinical decision‑making.

To improve the interpretability of data analysis results, explainable artiϐicial intelligence (XAI) technology
needs to be developed. Through methods such as SHAP (SHapley Additive exPlanations) value analysis and LIME
(Local Interpretable Model‑agnostic Explanations), clinicians can better understand model decision processes, im‑
proving the credibility and practicality of analysis results.
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For analyzing integrated Chinese and Western medicine data, specialized data fusion algorithms need to be
developed. By establishing correspondence relationships betweenTCMsyndromes andmodernmedical indicators,
integrated assessment models can be developed. For example, using fuzzy mathematics methods to process TCM
syndrome data and association rule mining algorithms to discover association patterns between TCM syndromes
and modern medical indicators.

Furthermore, standardizeddata sharing platformsneed to be established to promotemulti‑center data integra‑
tion and analysis. Blockchain technology can ensure data security and traceability, while establishing data quality
control systems ensures analysis result reliability. Meanwhile, developing real‑time analysis processing capabili‑
ties through edge computing technology can achieve rapid data processing and feedback, providing timely decision
support for clinical treatment.

Finally, strengthening clinical validation and application research of data analysis results is essential. Through
prospective studies validating prediction model accuracy, conducting multi‑center randomized controlled trials
evaluating the clinical value of optimized analysis methods, and establishing evidence‑based analysis method eval‑
uation systems, these optimization measures will help improve the scientiϐic rigor and practicality of data analysis
in cerebral palsy rehabilitation, providing more reliable evidence for developing individualized treatment plans.

5.2. Innovation in Integrated Chinese andWestern Medicine Models
Innovation in integrated Chinese and Western medicine treatment models represents a crucial direction for

improving cerebral palsy rehabilitation outcomes. First, at the diagnostic level, a multidimensional assessment sys‑
tem integrating Chinese and Western medicine should be established. Through the integration of modern medical
imaging examinations, laboratory testing indicators, and TCM’s four diagnostic methods, intelligent pattern differ‑
entiation systems should be developed to achieve precise correspondence between TCM syndromes and Western
medical diagnoses. For example, artiϐicial intelligence technology can be used to analyze tongue and pulse diag‑
nostic information from TCM, combined with imaging features and immune function indicators to establish more
comprehensive diagnostic standards.

Regarding treatmentplandevelopment,moreprecise integrated treatmentmodels shouldbe explored. Person‑
alized combination therapy plans should be developed based on different clinical types and syndrome patterns. For
instance, for spastic cerebral palsy, speciϐic acupuncture points can be combined with botulinum toxin injections;
for hypotonic cerebral palsy, Chinese herbs for supplementing qi and blood can be combined with neurotrophic
factor therapy. Meanwhile, exploring combinations of traditional Chinese exercise methods with modern rehabil‑
itation training, such as integrating Daoyin techniques and Tuina manipulation with physical therapy and occupa‑
tional therapy.

In terms of treatment technology innovation, new integrated treatment methods should be developed. For
example, developing intelligent acupuncture equipment to improve standardization and safety through precise
control of needling depth, angle, and timing. Developing rehabilitation training equipment based on TCM theory,
combining traditional Tuina techniques with machine‑assisted training. Additionally, exploring the development
of new Chinese medicine formulations to improve convenience and compliance.

Regarding immunomodulation, in‑depth research on synergisticmechanismsbetweenChinese herbs andmod‑
ern immunomodulators should be conducted. Through systems biology approaches, elucidating the immunomod‑
ulatory effects of Chinese herbal compounds and screening effective components with immunomodulatory proper‑
ties. Conducting clinical research on combined applications of Chinese medicine and immunomodulators to opti‑
mize combination therapy protocols and improve treatment outcomes.

Establishing standardized integrated treatmentprotocols is also an importantdirection for innovation. Through
multi‑center clinical research, summarizing treatmentoutcomesof different integratedprotocols todevelopevidence‑
based treatment guidelines. Meanwhile, establishing quality control systems to standardize TCM diagnostic and
treatment procedures, ensuring treatment safety and effectiveness.

For rehabilitation assessment, developing integrated efϐicacy evaluation systems combining TCM syndrome
scores and meridian function testing with modern rehabilitation assessment scales to establish more comprehen‑
sive efϐicacy evaluation standards. Utilizing modern technological methods, such as biomechanical analysis and
motion image analysis, for objective evaluation of treatment effects.
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5.3. Development of Intelligent Diagnosis and Treatment Systems
The development of intelligent diagnosis and treatment systems will signiϐicantly enhance the precision and

effectiveness of cerebral palsy rehabilitation. First, in intelligent diagnosis, multimodal diagnostic models are be‑
ing constructed through deep learning technology. These systems can integrate imaging data (including MRI, CT,
ultrasound), biomarker detection results, motor function assessment data, and TCM’s four diagnostic information
to achieve early intelligent identiϐication and classiϐication of cerebral palsy. For example, computer vision technol‑
ogy can analyze children’s movement patterns, while deep neural networks process TCM tongue diagnosis images
to establish more precise diagnostic prediction models.

In treatment planning, artiϐicial intelligence‑based treatment decision support systems are being developed.
Through machine learning algorithms analyzing large volumes of clinical case data, intelligent recommendation
systems incorporating modern rehabilitation, immunotherapy, and TCM‑speciϐic therapies are being established.
These systems can automatically generate personalized treatment plan recommendations based on individual char‑
acteristics, disease classiϐication, and treatment responses, with dynamic adjustments based on feedback during
treatment.

In rehabilitation training, intelligent rehabilitation equipment and systems are being developed. By integrat‑
ing virtual reality (VR) and augmented reality (AR) technologies, engaging rehabilitation training games are being
developed to improve children’s training motivation. Intelligent sensor technology monitors motion parameters in
real‑time during training, with machine learning algorithms analyzing movement patterns to automatically adjust
training difϐiculty and content. Meanwhile, intelligent TCM treatment equipment, such as electronic acupuncture
devices with precise positioning and intelligent Tuina robots, are being developed to improve the standardization
and precision of traditional treatments.

For monitoring and assessment, real‑time monitoring and warning systems are being established. Wearable
devices collect daily activity data, physiological indicators, and rehabilitation training data, using Internet of Things
technology for real‑time data transmission and analysis. The systems can automatically identify abnormal situa‑
tions, issue timely warnings, and provide intervention decision support for doctors. Additionally, natural language
processing technology enables automatic analysis and summarization of medical records, assisting doctors in con‑
dition assessment and prognosis prediction.

In telemedicine, 5G technology‑based remote rehabilitation guidance systems are being developed. Through
high‑deϐinition video communication and remote control technology, expert remote consultations and rehabilita‑
tion guidance can be achieved. Systems can analyze rehabilitation training videos through intelligent algorithms,
automatically identifying trainingmovement accuracy andproviding real‑time correction suggestions. Additionally,
intelligent follow‑up systems are being established, regularly collecting rehabilitation information through mobile
applications and automatically generating follow‑up reports and rehabilitation recommendations.

In data management and analysis, intelligent medical big data platforms are being constructed. Blockchain
technology ensures data security and traceability, while cloud computing technology enables massive data stor‑
age and processing. Systems can automatically perform data cleaning, standardization, and analysis, generating
clinical research reports and treatment effectiveness analyses. Meanwhile, knowledge graph technology is being
used to establish cerebral palsy rehabilitation knowledge bases, providing intelligent knowledge support for clini‑
cal decision‑making.

5.4. Advancement of Multi‑Center Collaborative Research
Multi‑center collaborative research advancement is crucial for elevating the quality of cerebral palsy rehabili‑

tation research. First, a national cerebral palsy rehabilitation research collaboration network should be established.
By integrating research resources from tertiary hospitals, specialty hospitals, and primary healthcare institutions,
a uniϐied research platform should be created. This network should include multiple specialties such as neurology,
rehabilitation, pediatrics, and Traditional Chinese Medicine, forming multidisciplinary research teams. Standard‑
ized data collection processes, uniϐied diagnostic criteria, assessment methods, and efϐicacy evaluation standards
should be established to ensure data quality and comparability.

Regarding research design, multi‑level clinical research projects should be conducted. Large‑sample, multi‑
center randomized controlled trials should be designed for different types of cerebral palsy to systematically eval‑
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uate various treatment protocols. Special attention should be paid to optimizing integrated Chinese and Western
medicine treatmentmodels and conducting targeted immunotherapy research. For example, stratiϐied randomized
clinical trials can be designed to compare the combined effects of different TCM treatment protocols with modern
immunomodulation therapy to explore optimal treatment combinations.

Establishing a uniϐied datamanagement platform is key tomulti‑center research. Through cloud platform con‑
struction, real‑time data uploading and sharing among research centers can be achieved. Standardized electronic
medical record systems should be adopted to ensure data collection standardization and completeness. Dedicated
data quality control teams should be established for data veriϐication and cleaning. Meanwhile, data security pro‑
tection mechanisms should be established to ensure patient privacy.

In research implementation, amulti‑level quality control system should be established. A projectmanagement
committee should be responsible for research protocol development and implementation supervision. Regular
researcher training meetings should be held to unify operational procedures and assessment standards. On‑site
inspection systems should be established for periodic center inspections to identify and resolve issues promptly.
Additionally, adverse event reporting and handling mechanisms should be established to ensure research safety.

Promoting research result translation and dissemination is also crucial. Result sharing mechanisms should
be established with regular academic exchange meetings to promote experience sharing among centers. Clinical
guideline development groups should be established to develop and update treatment guidelines based on research
ϐindings. Meanwhile, result translation platforms should be established to promote clinical application of research
ϐindings.

Strengthening international cooperation is another important direction for advancing multi‑center research.
Through establishing partnerships with internationally renowned research institutions, international multi‑center
research projects can be conducted. Advanced researchmethods and technologies should be introduced to enhance
research quality. Meanwhile, active participation in international academic exchanges should showcase China’s
distinctive cerebral palsy rehabilitation research achievements.

Regarding talent development, a multi‑level research talent training system should be established. Through
research methodology training and clinical trial regulation training, researchers’ scientiϐic capabilities can be en‑
hanced. Young researcher development programs should be established to support young physicians’ participation
in multi‑center research. Meanwhile, research team evaluation mechanisms should be established to motivate re‑
searchers.

Research funding support and management should be strengthened. Through applying for national‑level re‑
search projects, research funding support can be secured. Funding usage supervisionmechanisms should be estab‑
lished to ensure reasonable fund utilization. Meanwhile, exploring multiple funding channels can provide support
for sustained multi‑center research. Implementation of these measures will help improve the overall quality of
cerebral palsy rehabilitation research and promote evidence‑based medicine accumulation.

5.5. Implementation Challenges and Response Strategies
In advancing the aforementioned development directions, it is essential to fully consider implementation chal‑

lenges within resource‑constrained environments. (1) The construction of intelligent diagnosis and treatment sys‑
tems requires substantial ϐinancial investment, creating signiϐicant pressure onmedical institutions in economically
underdeveloped regions. (2) There are notable regional disparities in the training of integrated Chinese‑Western
medicineprofessionals andequipment conϐiguration, potentially affecting the standardizedpromotionof treatment
protocols. (3) Multi‑center collaborative research faces challenges such as high costs in building data‑sharing plat‑
forms and difϐicultmaintenance. In response to these challenges, the following strategies are recommended: (1) Es‑
tablish a hierarchical diagnosis and treatment systemwith rational allocation of medical resources, where primary
hospitals prioritize basic rehabilitation equipment procurement and establish remote consultation mechanisms
with higher‑level hospitals; (2) Develop regional talent training programs and promote balanced development of
medical resources through targeted support; (3) Explore government‑led, socially participatory diversiϐied invest‑
ment mechanisms to reduce the burden on medical institutions and patients; (4) Formulate region‑speciϐic inte‑
grated Chinese‑Western medicine treatment protocols based on local conditions to ensure treatment accessibility
and sustainability. Only by fully considering these implementation challenges and developing corresponding coun‑
termeasures can research outcomes truly beneϐit patients.
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6. Conclusion
Throughmultidimensional data analysis of clinical data from 1,586 childrenwith cerebral palsy, this study sys‑

tematically evaluated the application value of immunotherapy in cerebral palsy rehabilitation and the advantages
of integrated Chinese and Western medicine treatment. The results demonstrated that immune function status is
closely related to the prognosis of childrenwith cerebral palsy, and immunomodulation therapy can signiϐicantly im‑
prove children’s motor function and quality of life. The integrated Chinese andWestern medicine treatment model
showed unique advantages, particularly in improving children’s motor function, regulating immune status, and re‑
ducing adverse reactions. Multidimensional data analysis revealed that early diagnosis and treatment (≤2 years),
standardized combination therapy, and good immune function status are key factors affecting prognosis. TCM‑
speciϐic therapies, as an important complement tomodern rehabilitation treatment, play crucial roles in improving
treatment effectiveness, reducing adverse reactions, and enhancing patient compliance. The study also found that
adopting standardized assessment systems and individualized treatment plans can signiϐicantly improve rehabili‑
tation outcomes. Future efforts should focus on optimizing data analysis methods, innovating integrated Chinese
andWesternmedicinemodels, developing intelligent diagnosis and treatment systems, and advancingmulti‑center
collaborative research to providemore reliable scientiϐic evidence for improving cerebral palsy rehabilitation treat‑
ment standards. The results of this study provide important reference for optimizing cerebral palsy rehabilitation
strategies and developing individualized treatment plans.
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