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medicine (TCM) in the treatment of delayed union using data mining, network pharmacology, and molecular docking
techniques. Methods: Literature on TCM treatment for delayed union published from the database inception to June 30,
2025, was collected from the Wanfang Data Knowledge Service Platform (Wanfang) , China National Knowledge
Infrastructure (CNKI) , China Science and Technology Journal Database (VIP) , and China Biology Medicine
disc (CBM) to construct a database. Microsoft Excel was used for data entry, organization, and frequency statistics of
medicinal frequencies, properties, flavors, and meridian tropisms. The Apriori algorithm in the IBM SPSS Modeler
18.0 platform was employed for association rule analysis to identify core herbal combinations for treating delayed union.
Active compounds and corresponding targets of the core herbs were retrieved from the Traditional Chinese Medicine
Systems Pharmacology Database and Analysis Platform (TCMSP) , supplemented with data from PharmMapper and
CNKI literature. Potential therapeutic targets related to delayed union were screened from the Human Gene
Database (GeneCards) and Online Mendelian Inheritance in Man (OMIM) databases. Protein—protein interaction (PPI)
network analysis, Gene Ontology (GO) functional enrichment analysis and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis were performed using the Retrieval of Interacting Genes/
Proteins (STRING) and Cytoscape 3.8.0 software. Molecular docking visualization was subsequently conducted.
Results: A total of 161 prescriptions were included, involving 199 Chinese herbal medicines with a total frequency of
2 008. The herb properties were mainly warm, cold, and neutral. The most frequent flavors were sweet, bitter, and
pungent. The primary meridian tropisms were the liver, kidney, and spleen meridians. The main therapeutic effects
were tonifying deficiency and invigorating blood circulation and removing stasis. The core herbal combination was
identified as Angelicae Sinensis Radix—Dipsaci Radix—Drynariae Rhizoma—Pyritum. The main active components of this
core combination for treating delayed union were naringenin, stigmasta—4, 22-dien—-3-one, cyclolaudenol ester,
cycloartenone, and stigmasta—4—en—3—one. The core targets included phosphatidylinositol 3—kinase catalytic subunit
alpha (PIK3CA) , estrogen receptor 1 (ESR1) , epidermal growth factor receptor (EGFR) , protein tyrosine
phosphatase non—receptor type 11 (PTPN11), and signal transducer and activator of transcription 1 (STAT1). KEGG
analysis primarily involved the Janus kinase—signal transducer and activator of transcription (JAK-STAT) ,
phosphatidylinositol 3—kinase/protein kinase B (PI3K—=AKT), hypoxia—inducible factor-1 (HIF-1), and forkhead box
O (FoxO) signaling pathways. The binding energies of molecular docking between the main active components and core
targets were all less than —5 kcal/mol, indicating stable binding affinity. Conclusion: TCM treatment for delayed union
follows the principles of nourishing the liver and kidney, enriching blood, and activating blood circulation. The core
herbal combination "Angelicae Sinensis Radix—Dipsaci Radix—Drynariae Rhizoma-Pyritum" acts on potential targets
such as PIK3CA, ESR1, EGFR, PTPNI11, and STATI through components including naringenin, stigmasta—4, 22-
dien—-3-one, cyclolaudenol ester, cycloartenone, and stigmasta—4—en—3—one, thereby regulating signaling pathways
such as JAK-STAT, PI3K-AKT, HIF-1, and FoxO to promote osteoblast differentiation and inhibit inflammatory
responses, thus accelerating fracture healing.

Keywords: Delayed union; Traditional Chinese medicine; Data mining; Medication rules; Network
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