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Case Report: Pneumocystis Pneumonia Following Liver Trans-
plantation	Identified	by	High-Throughput	Second-Generation	
Gene Sequencing Technology
Gang Ren, Lei Han, Xibing Zhang*

Department	of	Hepatopancreatobiliary	and	Vascular	Surgery,	The	Affiliated	Calmette	Hospital	of	Kunming	Medical	Univer-
sity,	Kunming	650000,	China.
*Corresponding Author: Xibing Zhang

Abstract: Pneumocystis, a fungus species, has emerged as one of the predominant infectious pathogens in immunocompromised patients, 

particularly in liver transplant recipients who require immunosuppressants. The pathogen colonizes the recipient’s lower respiratory tract and 

induces a pulmonary infection. Respiratory failure is one of the leading causes of mortality in organ transplant recipients, as the disease pro-

gresses swiftly, its diagnosis is difficult, and it is simple for it to occur. This report details the case of a patient admitted to Calmette Hospital, 

affiliated with Kunming Medical University, diagnosed with pneumocystis pulmonary infection post liver transplantation. The diagnosis and 

successful treatment of the patient were facilitated by high-throughput second-generation gene sequencing technology based on metagenom-

ics, enlightening future clinical diagnoses and treatments.

Keywords: Liver Transplantation; Pneumocystis; Metagenomics

1. Introduction

Pneumocystis pneumonia(PCP) is an opportunistic infection caused by pneumocystis pneumonia, which predominantly accumulates

in the airways. Due to the disease’s insidious onset and rapid progression, the lack of rapid and specific diagnostic methods in the past poses 

a grave threat to the lives of patients. This paper describes the successful treatment of pneumocystis pneumonia in a liver transplant recipient 

using Metagenomic next generation sequencing (mNGS) technology.

2. Case Presentation

A 28-year-old male was admitted to the hospital on February 17, 2021 with the chief complaint of “fever for six days, six months after 

liver transplantation.” Six days prior to admittance, the patient experienced high fever (up to 41°C), cough, white and thin sputum due to a 

cold, along with chest discomfort, shortness of breath after activities, and fatigue. The physical examination of the patient revealed low vi-

tality, minor coarse breath sounds in both lungs, and no evident rales. There were no positive abdominal indications. The patient underwent 

allograft orthotopic liver transplantation on September 20, 2020 at a different hospital due to acute liver failure and chronic viral hepatitis 

B. He recovered well and was discharged. The patient was given Tacrolimus sustained release capsule 4 mg/day, Sirolimus 1 mg/day, Pred-

nisone acetate 5 mg/day, and Tenofovir alafenamide Fumarate tablets 25 mg/day after being discharged. Mycophenol sodium enteric-coated

tablet 360 mg, twice daily; Ursodeoxycholic acid capsule 250 mg, twice daily. Regular follow-up in other facilities and discontinuation of

hormone therapy.The patient was diagnosed with acute rejection following liver transplantation after undergoing a liver biopsy on January 6,

2021 due to irregular use of anti-rejection medications. In addition to Methylprednisolone pulse therapy, the patient received Tacrolimus sus-

tained release capsule 7 mg/day, Sirolimus 1 mg/day, and Propofol tenofovir fumarate tablets 25 mg/day. Ursodeoxycholic acid capsule 250

mg/time, Mycophenolate sodium enteric-coated tablets 540 mg/time, and Kadsura japonica L. soft capsule 0.6 g/time, all three administered

twice daily. The patient’s condition improved following treatment, and he was discharged from the hospital.At the time of admittance, the pa-

tient was taking Tacrolimus sustained-release capsules 4 mg per day, Sirolimus 1 mg per day, Prednisone acetate 5 mg per day, and Tenofovir

propofol fumarate tablets 25 mg per day. Ursodeoxycholic acid 250 mg twice daily and Mycophenolate sodium enteric-coated 360 mg twice

daily.White blood cell count was 14.28*109/L, neutrophil percentage was 75.7%, C-reactive protein was 118.77 mg/L, procalcitonin was 0.995

mcg/L, and fungal 1, 3-β-D-glucan (G test) was 235.73 pg/ml. The ratio between CD4+ T cells and CD8+ T cells was 1.11, and the concentra-
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tion of FK506 in the blood was 6.2 ng/ml. alanine aminotransferase was 199 unit/L, aspartate aminotransferase was 161 unit/L, γ-glutamyl 

transpeptidase was 1160 unit/L, and alkaline phosphatase was 278 unit/L. The serum creatinine concentration was 60.3 umol/L. Negative 

IgM serum antibodies were detected against respiratory syncytial virus, adenovirus, influenza A virus, influenza B virus, parainfluenza virus, 

Chlamydia pneumoniae, Legionella pneumophila bacteria, and Mycoplasma pneumoniae. Negative results were obtained for the Aspergillus 

galactomannan test (GM test), sputum bacterial culture, fungal culture, and blood culture. Chest radiograph revealed radiographic evidence 

of pneumonia in both lungs, specifically pulmonary infection (Figure 1A). Chest computed tomography (CT) revealed extensive infectious 

exudative lesions in both lungs (Figure 1B). The patient was diagnosed with pulmonary infection and received antibacterial therapy with 

Cefoperazone sodium and sulbactam sodium 3 g every 8 h, as well as the initial dose of Caspofungin 70 mg, followed by 50 mg daily. Pred-

nisone acetate was discontinued, Sirolimus was reduced to 0.5 mg once daily, Mycophenolate sodium enteric-coated tablets were reduced 

to 180 mg twice daily, and all other oral medications were continued at the original dose. However, the patient continued to exhibit elevated 

fever and worsening dyspnea. Analysis of arterial blood gases revealed that PaO2 was less than 70 mmHg. The medication was altered on 

February 24 to include Imipenem and cilastatin sodium 0.5 g every 8 h, Micafungin 100 mg once daily, and Compound Sulfamethoxazole 0.96 

g four times daily. The reexamination of the chest X-ray on February 25 revealed signs of bilateral pneumonia, including pulmonary infection 

and dense local lesions, and bilateral pneumonia that was more severe than before (Figure 1C). To prevent pulmonary fibrosis and rejection, 

intravenous Methylprednisolone 40 mg was administered daily. Imipenem was discontinued immediately, while Micafunzin and Compound 

Sulfamethoxazole were continued for two and three weeks, respectively. Simultaneously, Methylprednisolone was gradually discontinued. 

A reexamination of the patient’s chest computed tomography(CT) on March 12 revealed extensive infectious exudative lesions in both lungs 

that were largely absorbed (Figure 1D). The blood concentration of FK506 was 4.9 ng/ml. Total bilirubin was 16.46 mol/L, direct bilirubin 

was 10.07 umol/L, and indirect bilirubin was 6.39 umol/L. Additionally, alanine aminotransferase was 77 unit/L, aspartate aminotransferase 

was 64 unit/L, -glutamyl transpeptidase was 527 unit/L, and alkaline phosphatase was 67 unit/L. The levels of serum creatinine, 1, 3--D-glucan 

(G test), and procalcitonin were 50umol/L, 46.48 pg/ml, and 0.119 mcg/L, respectively. Immunosuppressive therapy included oral Tacroli-

mus sustained release capsule 4 mg/day and Sirolimus 1 mg/day. Mycophenolate sodium enteric-coated tablets, 180 mg twice per day. Close 

post-discharge monitoring revealed that the patient did not experience chest tightness, shortness of breath, or abnormal physical activity.

Figure 1 Chest X-ray on 17 February (A) , Chest computed tomography on 17 February (B), Chest X-ray on 25 February (C) ,Chest comput-

ed tomography on 12 March(D)

3. Discussion

Pneumocystis pneumonia (PCP), now referred to as Pneumocystis jirovecii pneumonia, is a fungal infection that typically affects

immune function. This includes those with acquired immunodeficiency syndrome, organ transplant recipients, and individuals undergoing 

chemotherapy for malignant tumors or with autoimmune diseases. It also carries a high morbidity and mortality rate [1-2]. Due to the use of a 

large number of immunosuppressants in the early phase of anti-rejection after liver transplantation, the recipient’s immunosuppression is se-

vere, and the majority of cases develop within 6-9 months, more than 70% of cases develop within 12 months after liver transplantation, but 
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the development can occur as early as 1-3 weeks after liver transplantation [3-4]. The incidence rate among organ transplant recipients ranges 

from 5 to 15%, and the mortality rate can reach as high as 38% due to atypical clinical manifestations, rapid disease progression, critical 

illness, and difficulties in diagnosis and treatment, [5-6]. Therefore, rapid and accurate identification of pathogenic microorganisms and early 

clinical interventions are crucial for reducing mortality and enhancing the prognosis of PCP patients.

PCP is believed to be transmitted from person to person via the airborne route, asymptomatic colonization of the lungs may occur in in-

dividuals with healthy immune systems, and these individuals may unwittingly serve as reservoirs for Pneumocystis transmission to immuno-

compromised individuals [7].The clinical manifestations of PCP are fever, cough, chest tightness, dyspnea, etc., and the positive signs of spe-

cialist physical examination are usually less, dyspnea gradually appears within 1-2 weeks, and respiratory failure will occur in serious cases. 

The pulmonary signs are often not proportional to the severity of respiratory distress.In the typical imaging examination for PCP, chest X-rays 

demonstrate bilateral perihilar diffuse infiltrates, which become progressively more severe as the disease progresses. The computed tomogra-

phy(CT) examination revealed shadows of ground glass density or cystic lesions. The primary diagnostic criterion for PCP still necessitates 

the detection of respiratory bronchoalveolar lavage fluid or sputum samples, but the vast majority of patients are critically ill and cannot tol-

erate it, thereby impeding clinical operations. If a pathogen infection is caused by a complex pathogen, deficiencies such as a lengthy cycle 

and limited precision can lead to diagnostic delay or neglect [7]. Due to the time-consuming and low positive detection rate of conventional 

detection methods, there is an imperative need for pathogen detection and identification techniques with greater diagnostic efficacy.

The rapid development of mNGS technology in recent years has made it a potent tool in medical microbiology, particularly for the de-

tection of uncommon or emerging pathogens. mNGS has greater diagnostic advantages than conventional methods and provides a theoretical 

foundation for the diagnosis of human pathogens [8]. As a novel DNA/RNA sequencing technique, mNGS can directly extract the sample’s 

nucleic acid sequence for detection, and then acquire pathogen data via bioinformatics analysis, which can theoretically identify all micro-

organisms [9]. Compared to the sequencing technology of the first generation, mNGS has thediagnostic advantages of high efficiency, high 

throughput, high sensitivity, and low cost [10]. It has been demonstrated that mNGS has a high clinical application value in the etiological de-

tection and identification of respiratory tract infection [11].

This patient’s primary clinical symptoms were fever, cough, expectoration, chest constriction, and shortness of breath. Specialized 

physical examination and supplementary examination revealed no evidence for the diagnosis of PCP.Due to the patient’s severe hypoxemia 

and inability to cooperate with the operation, bronchoalveolar lavage was not performed at the time of admission. The symptoms were ini-

tially relieved by empirical broad-spectrum antibiotic therapy, but they progressively deteriorated until dyspnea developed. The results of a 

routine blood test revealed that the white blood cell and neutrophil counts were lower than in the past, indicating the absence of a bacterial 

infection. The result of G test was increased, and the possibility of fungal infection with rare pathogens was considered. The diagnosis was 

confirmed using mNGS technology, the treatment plan was actively modified, and the patient’s condition improved progressively. In our ex-

perience, PCP should be considered and mNGS should be performed when pulmonary infection occurs in liver transplant recipients whose 

pulmonary signs are not proportional to the severity of respiratory distress, when traditional etiological tests are repeatedly negative, and 

when conventional anti-infective therapy is ineffective. After diagnosis, Compound Sulfamethoxazole tablets and Micafungin combination 

therapy is advised. The combination therapy was effective in treating this case, and it is deserving of applicability in PCP cases.

In conclusion, organ transplant recipients have a compromised immune system, mNGS technology should be utilized when mixed 

pathogens and rare pathogens are suspected in clinical diagnosis and treatment, particularly in the case of severely ill patients who who re-

quire prompt diagnosis to reduce the duration of bacterial and fungal infections and promote targeted antimicrobial treatment. The use of 

mNGS technology provides significant benefits in terms of improving the recipients’ prognosis.
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The Role of the Pro-Apoptotic Protein Bax in Colon Cancer
Jiazhe Feng*

University	of	Glasgow,	Glasgow	G12	8QQ,	UK.

Abstract: Bax is a pro-apoptotic member of the Bcl-2 family that plays a crucial role in the regulation of apoptosis. Bax can be activated by 

various stimuli and translocate to the mitochondria, where it induces cytochrome c release and caspase activation. Bax expression or activity 

can be altered in colon cancer cells, resulting in resistance to apoptosis and tumor progression. This article summarized the molecular mech-

anisms of Bax activation and function in apoptosis, the alterations of Bax expression or activity in colon cancer cells, and the potential thera-

peutic implications of targeting Bax or its regulators in colon cancer. 

Keywords: Bax; Apoptosis; Colon Cancer

Introduction 

Apoptosis is a programmed cell death process that eliminates unwanted or damaged cells in a controlled manner (Li et al., 2021). Ap-

optosis is essential for maintaining tissue homeostasis and preventing tumorigenesis. Dysregulation of apoptosis can lead to various diseases, 

such as cancer.

The Bcl-2 family is a group of proteins that regulate apoptosis by controlling the permeability of the mitochondrial outer membrane. 

The Bcl-2 family consists of anti-apoptotic proteins (such as BCL-2), pro-apoptotic BH3-only proteins (such as BID and BIM) and pro-apop-

totic effector proteins (such as BAX and BAK) members that share homology in one or more of the four Bcl-2 homology (BH) domains. The 

interaction between BCL-2 family members determines the life and death of cells.

Bax is one of the most studied pro-apoptotic members of the Bcl-2 family. It plays an important role in the suppression of tumorigen-

esis by inducing apoptosis in response to various stresses (Spitz & Gavathiotis, 2022). However, cancer cells often develop mechanisms to 

evade apoptosis by altering Bax expression or activity. 

Colon cancer is one of the most common types of cancer worldwide and has a high mortality rate. Colon cancer can be classified into 

two major subtypes based on the microsatellite status: microsatellite stable (MSS) and microsatellite unstable (MSI). Microsatellites are 

short tandem repeats of DNA sequences that are prone to replication errors. MSI tumors have a high frequency of mutations in microsatellite 

regions due to defects in DNA mismatch repair genes. MSI tumors account for about 15% of sporadic colon cancers and 90% of hereditary 

nonpolyposis colon cancers (HNPCC). MSI tumors have distinct molecular and clinical features compared to MSS tumors, such as better 

prognosis, resistance to 5-fluorouracil-based chemotherapy, and increased immune infiltration.

1. The Molecular Mechanisms of Bax Activation and Function in Apoptosis

Apoptosis is divided into the extrinsic (also called death receptor) pathway and the intrinsic (also called mitochondrial) pathway. The 

pro-apoptotic protein Bax is mainly involved in the mitochondrial apoptosis pathway (Figure 1). The mitochondrial apoptosis pathway is an 

endogenous apoptosis mechanism that mainly involves the following steps (Ichim & Tait, 2016):

• BCL-2 homology domain 3 (BH3)-only protein is activated after cells are exposed to internal or external apoptotic stimuli (such as 

DNA damage, oxidative stress, growth factor loss).

• BH3-only protein activates pro-apoptotic members of the Bcl-2 family of proteins, such as Bax and Bak, and interacts with an-

ti-apoptotic members, such as Bcl-2, leading to mitochondrial outer membrane permeabilization (MOMP).

• The permeability of the outer mitochondrial membrane increases, resulting in a decrease in mitochondrial membrane potential and 

the release of a series of apoptotic factors, such as cytochrome c and SMAC.

• Cytochrome c binds to Apaf-1, forms apoptotic bodies in the presence of ATP, recruits and activates procaspase-9, and forms 
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caspase-9 holoenzyme.

• The caspase-9 holoenzyme further activates effector caspases, such as caspase-3 and caspase-7, initiating the caspase cascade re-

action, cleaving a variety of substrates in the cell, leading to the destruction of the cell nucleus and cytoskeleton, forming typical apoptotic 

morphology feature.

• SMAC is released from mitochondria, binds to IAPs, and inhibits the inhibitory effect of IAPs on caspase, thus indirectly promot-

ing apoptosis.

Figure 1. Mitochondria apoptotic signalling pathways

2. Alterations of Bax Expression or Activity in Colon Cancer Cells for Tumor Development 
and Progression

Bax expression or activity can be altered in colon cancer cells, resulting in resistance to apoptosis and tumor progression. The altera-

tions of Bax expression or activity can be classified into two categories: genetic alterations and epigenetic alterations (Liu et al., 2016).

Genetic alterations refer to mutations or deletions that affect the structure or function of Bax. The most common genetic alteration of 

Bax in colon cancer is the deletion of one guanine in the microsatellite region of exon 3, which results in a frameshift and a premature stop 

codon. This mutation leads to the loss of Bax protein expression and function, which confers resistance to apoptosis and contributes to tumor 

progression. This mutation occurs predominantly in MSI colon cancers due to defects in DNA mismatch repair genes. The frequency of this 

mutation ranges from 30% to 70% in MSI colon cancers, depending on the study population and the detection method. However, alterna-

tive splicing can rescue the expression of a full-length Bax protein by skipping exon 2, which restores the reading frame. This Bax isoform 

is called Bax∆2 and was first discovered in colon cancer patients with MSI. Unlike the parental Baxα, Bax∆2 induces apoptosis through a 

non-mitochondrial pathway that involves caspase-8 activation. Bax∆2 expression has been detected in various human tissues, especially in 

the colon, where it shows an inverse correlation with tissue malignancy. The mechanism of alternative splicing of Bax is not fully understood, 

but it may be influenced by factors such as splicing factors, RNA-binding proteins, or microRNAs.

Epigenetic alterations refer to modifications that affect the expression or activity of Bax without changing its sequence. The most 

common epigenetic alteration of Bax in colon cancer is the methylation of its promoter region, which results in the silencing of its transcrip-

tion. Methylation of Bax promoter has been observed in both MSS and MSI colon cancers, but more frequently in MSS colon cancers. The 

frequency of methylation of Bax promoter ranges from 10% to 60% in colon cancers, depending on the study population and the detection 

method. Methylation of Bax promoter can be influenced by factors such as DNA methyltransferases, histone deacetylases, or microRNAs. 

Methylation of Bax promoter can be reversed by treatment with demethylating agents, such as 5-aza-2’-deoxycytidine (5-AZA) or zebular-
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ine, which can restore Bax expression and induce apoptosis in colon cancer cells.

Other epigenetic alterations of Bax in colon cancer include post-translational modifications or interactions with other proteins that 

modulate its stability, localization, conformation, or interaction with other proteins.

3. Potential Therapeutic Implications of Targeting Bax or Its Regulators in Colon Cancer

Bax is a potential therapeutic target for colon cancer, as restoring or enhancing its expression or activity can induce apoptosis and in-

hibit tumor growth. Several strategies have been developed to target Bax or its regulators in colon cancer, such as gene therapy, small mole-

cules, peptides, antibodies, or nanomaterials (Walensky, 2019).

Gene therapy involves the delivery of exogenous genes that encode Bax or its activators to colon cancer cells using viral or non-viral 

vectors. For example, adenovirus-mediated transfer of Bax gene can induce apoptosis and suppress tumor growth in colon cancer xenograft 

models. Adenovirus-mediated transfer of Bid gene can also induce apoptosis and suppress tumor growth in colon cancer xenograft models. 

However, gene therapy faces several challenges, such as low efficiency, immunogenicity, toxicity, or specificity.

Small molecules are organic compounds that can modulate the expression or activity of Bax or its regulators by binding to their targets 

with high affinity and specificity. For example, ABT-737 is a small molecule that mimics the BH3 domain of Bad and binds to anti-apoptotic 

proteins, such as Bcl-2, Bcl-xL, and Bcl-w, displacing Bax from them and activating it. ABT-737 can induce apoptosis and inhibit tumor 

growth in colon cancer cell lines and xenograft models. However, ABT-737 has limited efficacy against Mcl-1-expressing colon cancer cells, 

which can be overcome by combining it with other agents, such as obatoclax, sorafenib, or navitoclax. TW-37 is another small molecule that 

mimics the BH3 domain of Bad and binds to anti-apoptotic proteins, such as Bcl-2, Bcl-xL, and Mcl-1, displacing Bax from them and acti-

vating it. TW-37 can induce apoptosis and inhibit tumor growth in colon cancer cell lines and xenograft models. However, TW-37 has low 

solubility and bioavailability, which can be improved by using nanocarriers, such as liposomes, micelles, or nanoparticles.

Peptides are short sequences of amino acids that can modulate the expression or activity of Bax or its regulators by binding to their 

targets with high affinity and specificity. For example, BH3 peptides are synthetic peptides that mimic the BH3 domain of BH3-only proteins 

and bind to anti-apoptotic proteins, displacing Bax from them and activating it. BH3 peptides can induce apoptosis and inhibit tumor growth 

in colon cancer cell lines and xenograft models. However, BH3 peptides have low stability, permeability, and specificity, which can be en-

hanced by using modifications, such as D-amino acids, cyclization, stapling, or conjugation.

Antibodies are proteins that recognize and bind to specific antigens on the surface or inside of cells. Antibodies can be used to activate 

Bax or inhibit its inhibitors in colon cancer cells. For example, 6A7 is an antibody that recognizes and binds to the inactive form of Bax and 

induces its conformational change and activation. 6A7 has been shown to induce apoptosis and sensitize colon cancer cells to 5-fluorouracil 

or cisplatin. Alternatively, antibodies can be used to inhibit the expression or activity of epigenetic modifiers that repress Bax expression in 

colon cancer cells. For instance, EZH2 is an antibody that recognizes and binds to EZH2, which is a subunit of PRC2 that catalyzes H3K27 

methylation of the Bax promoter, resulting in its silencing and apoptosis resistance. EZH2 has been shown to induce apoptosis and enhance 

the efficacy of 5-fluorouracil or irinotecan in colon cancer cells.

Nanoparticles are particles that have a size range of 1-100 nanometers and can carry various cargoes, such as genes, drugs, peptides, or 

antibodies. Nanoparticles can be used to deliver Bax or its activators or inhibitors into colon cancer cells with high specificity and efficiency. 

For example, liposomes are nanoparticles that consist of lipid bilayers that can encapsulate hydrophilic or hydrophobic substances. Lipos-

omes can be used to deliver Bax gene, ABT-737, SAHB, or 6A7 into colon cancer cells and induce apoptosis and chemosensitization. 

4. Conclusion & Discussion 

Bax has shown amazing potential in targeting Bax or its regulators in colon cancer. However, there are still many unanswered ques-

tions and challenges that need to be addressed in future studies. For example, what are the molecular determinants and dynamics of Bax 

oligomerization and pore formation? How do different Bax isoforms interact with each other and with other proteins? How do different mi-

croenvironments and signaling pathways affect Bax expression or activity in colon cancer cells? How can we overcome the heterogeneity and 
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resistance of colon cancer cells to Bax-targeted therapies? How can we optimize the delivery and specificity of Bax-targeted therapies? How 

can we combine Bax-targeted therapies with other conventional or novel therapies for synergistic effects? These questions warrant further 

investigation and exploration to elucidate the role of Bax in colon cancer and to develop more effective and personalized treatments for colon 

cancer patients.
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Abstract: Mitochondrial DNA mutation will lead to a series of diseases, and Defective mitochondrial DNA will lead to organ dysfunction.The 

increase of mutation frequency caused by nuclear DNA repair defect, replication error, carcinogen exposure and aging is generally consid-

ered to drive the occurrence of cancer.In contrast, the status and role of mitochondrial genome mutation in cancer are not clear.We reviewed 

the variation in number and structure of mtDNA in colorectal cancer, liver cancer, breast cancer , aiming to illustrate the important role of 

mtDNA in the occurrence and development of cancer, and to provide some reference for early diagnosis, treatment and prognosis evaluation 

of cancer.
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Introduction

Mitochondria possess their own DNA, which encodes many key proteins used for the assembly and activity of mitochondrial respira-

tory complexes. The mtDNA does not bind to histones or form chromosomes, but instead forms a mtDNA-protein complex with many pro-

teins, forming a nucleoid uniformly distributed in the mitochondrial matrix, which is essential for mitochondrial function. Since the structural 

characteristics of mtDNA are different from nuclear DNA with more than ten times more than nuclear DNA, defects or mutations in mtDNA 

cause a series of diseases and damaged mtDNA can be eliminated by mitophagy[1]. Mitochondria have been shown to play an important role 

in apoptosis, a fundamental biological process in which cells die in a controlled manner, playing a key role in cancer development and the 

cellular response to anticancer drugs. Therefore, it is important to understand the biological characteristics of mtDNA and its role in tumor 

development and development. Otto Warburg The observation that cancer has acquired the unusual property of absorbing and fermenting 

glucose into lactate in the presence of oxygen raises defects in mitochondrial respiration as the underlying basis for aerobic glycolysis and 

cancer. However, not all tumors have this aerobic glycolytic property, and it is now clear that defects in mitochondrial respiration are gen-

erally not often the cause of aerobic glycolysis[2]. In recent years, the research on mtDNA in cancer has attracted much attention, and many 

studies explain the role of mtDNA mutations and mtDNA copy number variants in cancer occurrence[3,4]. Therefore, this paper outlines the 

variant characteristics of mtDNA in multiple cancers and its role in cancer development, aiming to further elucidate the complex relationship 

between mtDNA and cancer,It provides some reference basis for the early diagnosis, treatment and prognosis evaluation of cancer.

1. Basic knowledge of mitochondria:

Mitochondria is a bilayer membrane organelle that generates about 90% of its cellular energy in mammalian cells, by oxidative phos-

phorylation (OXPHOS), in the form of adenosine triphosphate (ATP). Mitochondria also play important roles in a range of signaling path-

ways, including the tricarboxylic acid cycle (TCA), β -oxidation of fatty acids, and cell death in cell apoptosis[5,6]And the cell cycle[7,8]Play an 

important role in the process.

Unlike other organelles in mammalian cells, mitochondria have their own genetic material, which encodes a range of key proteins as-

sociated with mitochondrial respiration. Each mitochondrion contains one or more copies of mtDNA, located in the mitochondrial matrix[9]. 

significantly different from the structure of nuclear DNA, mtDNA is closed circular duplex DNA, the outer ring is rich in purine, called heavy 

chain (H chain), and the inner ring is rich in pyrimidine, called light chain (L chain). Therefore, the component of mtDNA is highly asym-

metric. In human cells, mtDNA consists of 16,569 base pairs and encodes 37 genes, including 13 polypeptides, two ribosomal RNA, and 22 

transport RNA[10]. Most of the non-coding DNA of the human mitochondrial genome is located within an ~ 1 kb region called the non-coding 
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region (NCR). The NCR is the most strongly polymorphic site in the mtDNA, with several known polymorphic sites within the two hyper-

variable regions (HVR) of the NCR[11]. Non-coding regions (NCR) exert a regulatory function in the mtDNA, exerting control on transcrip-

tion and translation. The mtDNA control region contains the replication origin of one strand and the transcription origin of both strands, the 

control region is also the location of the mtDNA displacement loop (D-loop), and the mtDNA replication begins at the D loop, which also 

contains the promoter of the transcript adjacent to the D loop. Although the exact function of the D-loop is unknown, it is noteworthy that this 

region is highly sequence variability[12], And has been shown to be associated with the incidence of specific types of cancer[13]。

Mitochondrial dysfunction, often characterized by the loss of oxidative phosphorylation efficiency, is a hallmark of aging and various 

chronic diseases[14]. Mitochondrial dysfunction leads to inefficient cellular energy production and increased levels of reactive oxygen species 

(ROS), which may damage lipids, proteins, and nucleic acids[15]. Mitochondrial dysfunction also affects the expression of nuclear genes in-

volved in metabolism, growth, differentiation, and apoptosis[16]. A major limitation of the routine assessment of mitochondrial dysfunction 

in clinical practice is the lack of reliable measures of mitochondrial dysfunction that can be used in the clinic. And mitochondrial DNA copy 

number (mtDNA-CN) is a promising biomarker of mitochondrial dysfunction and is likely to be widely used in clinical practice.

2. Mitochondrial DNA variants and cancer:

During cancer development, tumor cells not only undergo metabolic changes to support cell growth, but also other types of mtDNA 

damage. The mtDNA mutations have been identified in all types of human tumors, including the non-coding and coding regions of mtDNA. 

Larman et al studied different cancer types and found that the frequency of somatic mtDNA mutations ranged from 13% in glioblastoma to 

63% in rectal adenocarcinoma[17]. There are data suggesting that at least one observed tumor mtDNA mutation can confer a selective advan-

tage to cancer cells, further supporting the hypothesis that mtDNA somatic mutations play an important role in promoting tumor cell prolifer-

ation[18]. In addition to the structural abnormalities in mtDNA, mtDNA copy number changes have also been frequently described in cancer. 

For example, elevated mtDNA content was found in primary head and neck squamous cell carcinoma, papillary thyroid carcinoma, and 

endometrial carcinoma, while gastric cancers exhibited mtDNA depletion. The mtDNA copy number in a cancer may depend on the specific 

mutation site associated with this cancer. Thus, increased mtDNA copy number can serve as a compensatory response to mitochondrial dys-

function or mutations in nuclear genes indirectly involved in the control of mtDNA copy number. Conversely, mutations in the D loop region 

that controls mtDNA replication are expected to result in copy number reduction. In many cases, fewer mtDNA copies were accompanied by 

a reduction in mitochondrial gene expression, suggesting an inhibition of mitochondrial activity in these tumor types. The mtDNA damage 

causes not only mtDNA copy number changes, but also new point mutations and deletions in mtDNA, impaired mitochondrial function, and 

changes in cellular and tissue functions. Indeed, Reznik et al found that mtDNA copy number is associated with the incidence of key driver 

mutations leading to cell carcinogenesis[19]. It is noteworthy that although mtDNA copy number affects the transcript level of mtDNA genes, 

not all cancer types exhibit a correlation between mitochondrial gene expression and mtDNA copy number.

3. Molecular characterization of mtDNA in intestinal cancer:

Although colonoscopy is widely used for early detection and resection of colorectal adenomas, a precursor to most colorectal cancers, 

colorectal cancer remains a cause of cancer death and is the only major cancer that affects essentially equally in men and women[20]. Oxi-

dative stress of reactive oxygen species (ROS) is believed to have an important role in colorectal cancer. In addition, several studies have 

identified oxidative stress as an important risk factor for colorectal adenoma, suggesting that abnormal oxidative stress may be important in 

early colorectal carcinogenesis. ROS are mainly derived from mitochondria, and they are by-products of aerobic respiration. Under physi-

ological conditions, the amount of cellular mitochondrial DNA remains relatively stable, and it has been found that qualitative and quanti-

tative mtDNA changes, such as somatic mitochondrial mutations and mtDNA copy number changes in colorectal tumor tissue, may play an 

important role in colorectal carcinogenesis[21,22]. Similarly, changes in mtDNA copy number in non-neoplastic tissues (e. g., peripheral blood) 

may reflect the end result of interactions between genetic and environmental factors that may increase oxidative stress and colorectal cancer 

risk. In support of this hypothesis, some studies have found an association between mtDNA copy number in peripheral blood and multiple 
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cancers[23,24]. In particular, a case-control study in the Singapore Chinese Health cohort[25]And a prospective nested case cohort study[26], Both 

found that mtDNA copy number in the peripheral blood was associated with an increased risk of colorectal cancer. Despite the association 

between mtDNA copy number and CRC, it is unclear whether the altered mtDNA copy number is a risk factor for CRC or a biomarker for a 

confirmed diagnosis of CRC.

Colorectal cancer is the result of the accumulation of multiple genetic alterations, for example point mutations, copy number variations 

and epigenetic modifications[27]. To date, two major pathways of colorectal carcinogenesis have been precisely described. The first pathway 

involves chromosomal instability (CIN) and is mainly characterized by the continuous accumulation of genetic alterations in APC, KRAS, 

and p53[28], The second pathway is the microsatellite instability (MSI)[29]. There is increasing evidence for the functional role of mtDNA ab-

normalities (including point mutations, deletions, inversions, and copy number alterations) in mitochondrial dysfunction and colorectal car-

cinogenesis. However, it is unclear whether these mutations initiate or promote tumorigenesis, or whether they are simply a result of genomic 

instability. Peripheral blood mitochondrial DNA content is associated with risk of colorectal cancer and is proposed as potential biomarkers, 

however, some studies have failed to confirm this association, suggesting that relative mtDNA copy number in peripheral blood is more like-

ly to be considered as markers of early CRC occurrence than a biomarker that can be used to assess CRC risk[30]。

The molecular mechanisms leading to mtDNA copy number changes are still under investigation. In a study of 65 colorectal cancers, it 

has been proposed that hypomethylation of the D-loop region may be involved in the regulation of mtDNA copy number[31]. Recently, it has 

been reported that polymorphisms within the nuclear-encoded polymerase γ gene (POLG) may contribute to reducing a key component of 

the mitochondrial genome maintenance machinery, resulting in mitochondrial copy number changes[32]. The D loop region contains essential 

transcription and replication elements and is a well-known somatic mutation hotspot in colorectal tumors. This region is formed by two hy-

pervariable regions, the HV-I (nt.16024-16383) and HV-II (nt.57-333)[33]. MtDNA variants in the D-Loop region are associated with risk and 

survival in colorectal cancer patients and, therefore, they are proposed as valuable markers for assessment of colorectal cancer outcome[34]. 

Mitochondrial microsatellite instability (mtMSI), the change in the length of the D loop repeat between normal and tumor tissues, has been 

described as a common molecular event in colorectal carcinogenesis (approximately 30% of colorectal tumors), but its prognostic value re-

mains controversial[35]。

4. Molecular characterization of mtDNA in liver cancer:

Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide, with the third highest mortality rate[36,37]. About 

434000 new cases of HCC each year[38]. Several risk factors have been proposed to participate in the development of HCC, including aflatox-

in exposure, alcohol consumption, viral hepatitis, etc.

Several types of somatic mtDNA alterations have been identified in human HCC, and these mtDNA alterations include point muta-

tions, deletions, insertions, and copy number changes. Screening for somatic point mutations in the whole mitochondrial genome of HCC 

samples indicates that approximately 52% of HCC patients carry at least one homogenous or heterogeneous point mutation in their tumor 

tissue mtDNA. Of the identified point mutations, 76% are located in the D-loop regions, 2% in rRNA genes, 3% in tRNA genes, and 19% in 

mRNA genes[39]. The D-loop region is a hot spot for somatic mtDNA mutations in HCC and other cancers. That the D loop regions of mtD-

NA, especially mononucleotide repeats in the np 303-309 poly-C sequence, are the sites most susceptible to oxidative damage compared to 

other regions of mtDNA, implies that oxidative damage contributes to point mutations in the D loop and the instability of mononucleotide or 

dinucleotide repeats in mtDNA. And because the D-loop region controls mtDNA replication and transcription, mutations in the D-loop region 

may affect mtDNA copy number and expression of the mitochondrial genome. Thus, somatic mutations in the mtDNA D-loop region may 

affect mitochondrial function by reducing mtDNA copy number and transcription in HCC, thus leading to HCC progression. The reduction 

in mitochondrial DNA copy number is a common event in HCC, with more than 60% of HCC having lower mtDNA copy numbers than their 

corresponding normal liver tissue.

Several types of somatic mtDNA alterations have been identified in HCC, but the role of these mtDNA alterations in HCC progression 
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is still unclear, and some studies confirm the pathological role of mtDNA mutations and mitochondrial dysfunction in HCC. Most somatic 

point mutations in mtDNA copy number and reduction in the mitochondrial coding region may contribute to mitochondrial dysfunction in 

HCC, and these findings provide a molecular basis for the Warburg effect. Furthermore, it has been shown that low mtDNA copy number 

in HCC is significantly associated with large tumor size, liver cirrhosis, and poor 5-year survival[40]. Thus, mtDNA mutations and reduced 

mtDNA copy number and mitochondrial dysfunction may alter the progression of HCC. However, the presence of somatic mtDNA point mu-

tations in HCC does not seem to be associated with patient age or sex, tumor size or grade, hepatitis virus infection, or survival of patients[41]. 

Furthermore, heterogeneous or homogeneous levels of the same mtDNA mutation may lead to different consequences of tumorigenesis. 

Therefore, the role of specific mtDNA mutations and their levels during HCC progression warrants further investigation.

5. Molecular features of mtDNA in breast cancer:

With regard to breast cancer, multiple studies have investigated the effect of mtDNA content on phenotype, prognosis, and drug re-

sponse. Lower mtDNA content was observed in approximately 70% of breast cancer specimens when compared to the surrounding normal 

epithelium[42,43]. There are indications that low mtDNA content in breast cancer may produce a more aggressive phenotype and altered treat-

ment response. Depletion of mtDNA in in vitro models affects the mRNA and protein expression levels of several genes involved in epithelial 

stromal transition (EMT)[44,45], The transition to a mesenchymal phenotype has been recognized as an important mechanism for promoting 

cancer metastasis[46]. Thus, the low mtDNA content used as a marker of the mesenchymal phenotype may identify tumor aggressiveness.

Somatic mtDNA variation is frequently observed in primary breast tumors[47]. Most of these variants are single-nucleotide variants 

rather than small insertions or deletions, which are distributed along the entire mitochondrial genome and show great heterogeneity between 

cases. To date, no somatic mtDNA mutations have been described that clearly affect breast cancer tumorigenesis or progression. With more 

somatic mtDNA variants in the primary tumors of patients diagnosed at a higher age. Furthermore, there is substantial heterogeneity in so-

matic mtDNA variants within primary breast tumors. Although mtDNA content in primary breast tumors is not associated with any traditional 

clinicopathological marker, low mtDNA levels in primary breast tumors indicate that cancers are more aggressive[48]。

6. Summary and Outlook:

Mutations in mtDNA affect tumor development and progression, which makes the presence of the mitochondrial genome add to both 

the unique and complex biological properties of this organelle. In recent years, with the vigorous development of next-generation sequencing 

technology and single-cell sequencing technologies, the biological characteristics of mtDNA in tumors have been gradually elucidated. The 

structure of mtDNA, mtDNA copy number and others have unique changes in the development of cancer. The mtDNA abnormalities (including 

point mutations, deletions, inversion, and copy number alterations) have a role in mitochondrial dysfunction and colorectal carcinogenesis, 

The mtDNA copy number in the peripheral blood is associated with an increased risk of colorectal cancer, The D loop region contains essen-

tial transcriptional and replication elements, Is a well-known hotspot of somatic mutations in colorectal tumors, Variation in this region is as-

sociated with risk and survival in colorectal cancer patients; Several types of somatic mtDNA alterations have been identified in human HCC, 

These mtDNA alterations include point mutations, deletions, insertions, and copy number changes, Somatic mutations in the mtDNA D-loop 

region may affect mitochondrial function by reducing mtDNA copy number and transcription in HCC, Thus leading to the HCC progression, 

besides, Low mtDNA copy number in HCC was associated with tumor size and cirrhosis of the liver; Single-nucleotide variants in somatic 

mtDNA are frequently observed in primary breast tumors, Low mtDNA content can be used as a mesenchymal phenotype marker, And then 

identify the aggresnature of the tumor. As mtDNA has certain clinical significance in many kinds of cancers, this paper reviews the features 

of mtDNA variation in cancer, and provides relevant basic information for clinical and scientific research staffIt provides some reference ba-

sis for the early diagnosis, treatment and prognosis evaluation of cancer.
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Abstract: Doctors discuss the treatment of chronic liver disease from the perspective of dampness, poison, and blood stasis, less from the 

perspective of spleen Yin loss. The author discusses the physiological function of spleen Yin and its relationship with chronic liver disease, 

and analyzes that spleen Yin deficiency is an important cause of chronic liver disease, and also an important manifestation of chronic liver 

disease, and puts forward three methods of solid spleen, liver and spleen treatment, sweet and flat tonic, sour and sweet Yin.
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Introduction

Chronic liver disease mainly includes chronic toxic hepatitis, autoimmune liver disease, fatty liver, chronic drug-induced liver injury 

and other unexplained liver damage, etc. If not controlled, it is easy to progress to cirrhosis, or even liver cancer. In recent years, a large 

number of clinical data show that TCM has certain advantages in inhibiting virus, protecting liver enzymes, fighting liver fibrosis, relieving 

symptoms, and few adverse reactions in the treatment process, which has become an important means for clinical treatment of chronic liver 

disease [1]. Most doctors for the treatment of this disease is detailed in the perspective of relieving liver and relieving depression, clearing heat 

and dampness, nourishing liver and kidney, less from the point of view of spleen Yin loss. The author discusses the relationship between the 

physiological function of spleen Yin and chronic liver disease, in order to provide useful reference for the traditional Chinese medicine diag-

nosis and treatment of chronic liver disease.

1. Theoretical origin

The meaning of spleen Yin was first seen in the Huangdi Neijing. “Su Wen”  “its virtue is caring”, “taste is too bitter, temper is not car-

ing, stomach qi is thick” respectively discussed the performance of spleen Yin in the human body from the perspective of physiological pa-

thology. In what Zhang Zhongjing, he proposed the spleen contract syndrome, which is the embodiment of the theory of spleen Yin, and fur-

ther developed the theory of spleen Yin. The idea of “the Yin of the spleen soil was injured, and the official was negligent” was put forward 

by Zhu Danxi, a doctor in the Ming Dynasty, who believed that the spleen Yin was one of the basic conditions for the spleen to play its phys-

iological function. Miao Zhongchun put forward the view that “the world only know that the fragrance and heat are the way to treat spleen 

deficiency, but do not know that the cold and nourishing Yin are beneficial to the spleen”, and believed that the spleen and Yin deficiency 

should be governed by law with sweet and cold. Wu Pei in the treatment of the new, put forward “now in the palace, not dry its body fluid” 

like the prescription of Yin solid Yang, like spleen solid stomach, head and tail phase win-win method [2]. Mr.Zhang Xichun believes that “the 

spleen is too Yin, is the long of the three Yin, so the treatment of Yin deficiency, should mainly nourish the spleen Yin foot, can irrigate the 

viscera” [3]. Yang Jiutian [4] Based on the scattered records of spleen Yin deficiency in successive doctors, spleen Yin deficiency is divided into 

three common clinical evidence types: deficiency injury to spleen Yin, gastric heat injury and spleen Yin and dampness-heat injury to spleen 

Yin, which provides a better theoretical basis for clinical practice.

2. Splenic Yin theory and chronic liver disease

Chronic liver disease belongs to the category of “jaundice”, “flank pain”, “swelling” and so on. Traditional Chinese medicine be-

lieves that it is mostly based on “damp and heat” evil spirit. For example, as saying, “damp and heat alternate, and the people should be 

yellow”.”Wet trapped spleen and stomach” and “hot knot Yang Ming”, damp and heat evil gas is the most easy to invade the middle coke 



2023 ǀ Volume 12 ǀ Issue 4  -17-

spleen and stomach because of its pathological characteristics. Wet evil sticky, trapped Yang Qi, internal depression fire, damage spleen Yin; 

heat evil connotation, accumulation of spleen and stomach, also hurt Yin gas. This disease is easy to delay is easy to fire injury Yin, more see 

the image of spleen Yin loss, it can be seen that loose stool, grain, do not think about diet, etc.”Su ask angry through heaven” said: “Yin is 

born in the five tastes.”Eating bias can also lead to the imbalance of qi, blood and Yang, such as excessive drinking, excessive eating fat and 

spicy products are more likely to aggravate dampness and heat, damage spleen Yin. Moreover, liver wood by spleen soil, “Golden Chamber 

synopsis” cloud: “see liver disease know liver pass spleen”, liver wood long disease, evil accumulation, straight into the spleen and stomach, 

Yin and Yang are damaged. Secondly, in terms of emotion, worry and think tired, injury and spleen Yin. Liver main drainage, like to tune 

up to, chronic liver disease patients liver qi is not smooth, many affection is not successful, depressed. Its disease is more likely to aggravate 

emotional failure, hard illness, internal consumption of Yin blood, damage to spleen Yin. For example, “disease because of the pulse” said: 

“the cause of dysentery: sad thinking will hurt the spleen.”Long illness deficiency loss, too much use of warm dry, spleen dark consumption. 

The spleen is the length of the three Yin, the main irrigation four sides, for the source of qi, blood and body fluid. Liver, heart, lung and kid-

ney four serious diseases, long illness, injury and Yin, can dark consumption spleen Yin. Medical see diarrhea for a long time, cloudy Yang 

has been empty, with a large dose of fragrance, warm dry products, resulting in hot and dry endogenous, can also further hurt the spleen Yin. 

Pan Ciming [5] put forward the idea of liver and spleen cooperation, body Yin with Yang, and further linked the two from the perspective of 

physiology and pathology. Splenic Yin deficiency syndrome characteristic is spleen Yin deficiency and spleen health symptoms in [6], such 

as food, abdominal distension, especially after eating, thin stools, or secret, loose knots, dry mouth, thin, face, fatigue, hands, heart heat, red 

tongue, moss less or no, pulse weak “, such symptoms and chronic liver disease late qi Yin two injury is very similar, and from the disease of 

the performance of the will link the two.

3. Treat prescription drugs

In the treatment of chronic liver disease, “softening the liver benefits the spleen, nourishing the Yin and nourishing the stomach”. Xu 

Jingshi [7], a master of Chinese medicine, put forward four points of “nourishing the spleen, nourishing and nourishing the spleen, nourishing 

the spleen”, and relieving the liver and regulating qi, and the prescription should be based on ganping. Therefore, the treatment should be 

based on the spleen, and to relieve the liver, the first place without evil.

3.1 Treatment of liver and spleen

“Soil wood and reach”, liver wood smooth, can be transported for the spleen body fluid. The general adjustment of fluid fluid is Yin 

and Yang. Based on the perspective of the close relationship between the liver and the spleen, just as the “wood”, the soil wet by evil, spleen 

disease born yan “. Some scholars put forward that in modern medicine, liver disease and spleen transmission is equivalent to bad emotions 

such as sadness, anger, sympathetic-adrenal system stress and parasympathetic nerve inhibition, weakened digestive function, anorexia, gas 

and acid swallowing, that is, soil, spleen transport loss [8]. At the same time, the spleen and stomach are weak, qi and blood are passive, liver 

loss, drainage disorder, and spleen disease into the liver. In different pathological stages of chronic liver disease, the methods of regulating 

liver are adopted flexibly. Shabuhu, tangerine peel, chuanxiong, sweet, slow, white peony root, angelica, white, soft, white peony root, angel-

ica, xiong, and to strengthen the spleen, because the spleen soil “Yang”, “spleen is Yin, not Yang medicine is not effective” characteristics [9], 

so in the selection of drugs can be mixed with a small dose of Poria cocos, gold, amomum, white and other spleen to smooth the gas machine, 

prevention and control of Yin damage and Yang, balance of Yin and Yang.

3.2	Gan	weak	flat	fill

“The theory” cloud: “to make the spleen solid, gas without stagnation full, no sedentary, food without too acid, no food all creatures, 

should be sweet appropriate light”, put forward the sweet and light products can nourish the spleen Yin, such as yam, lotus seed meat, dang-

shen, white surgery, etc., yam flat fill three Yin, can fill the spleen Yin. Wu Ju tong cloud: “the stomach Yin mo if gan cold, sour taste sour 

sweet Yin also”, then with sour sweet products can nourish Yin Shengjin, and straight into the spleen and stomach, ping the Yin of the spleen 
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and stomach. At the same time, “the liver is bitter and urgent, urgent food to slow”, “the liver disease... with acid” so sour and sweet products 

in the treatment can also play a slow.

4. Conclusion

Chronic liver disease is difficult to treat clinically, especially when the disease develops to the stage of cirrhosis, which is a long pro-

cess regardless of Chinese and Western medical treatment, and also brings pressure on the patient’s body, spirit, economy, etc. Therefore, we 

have to dig deeper into the classics of traditional Chinese medicine, which will bring more ideas for us to treat this disease. From the theory 

of spleen-yin, this article proposes three treatments, hoping to provide clinical ideas for the treatment of related diseases for the benefit of our 

colleagues.
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Abstract: Treatment strategies for acute ischaemic stroke focus on two main areas: improving blood circulation to the brain and neuropro-

tection. However, these measures are only effective in the treatment of vascular stenoses. However, they are only effective within a narrow 

therapeutic window and are therefore limited. This article now provides a brief summary of the clinical treatment of acute ischaemic stroke 

and its future directions, with the aim of providing an updated direction and theoretical basis for relevant drug development.

Keywords: Acute Ischemic Stroke; Intravenous Thrombolysis; Intravenous Thrombolysis

1. Introduction 

Stroke is the leading cause of death and disability worldwide, and the economic costs of treatment and post-stroke care are enormous[1]. 

Many factors are closely associated with the onset of stroke, including age, gender Acute ischaemic stroke is a condition in which the brain is 

damaged by the activation of neurons, astrocytes and oligodendrocytes.Treatment strategy of stroke focuses on improving cerebral circulation 

and neuroprotection[3].

2. Intravenous thrombolysis

The lysis technique has become the most commonly used treatment for vascular disease today. It uses the action of enzymes to dissolve 

the clot in the blood vessel, thus breaking up the clot in the vessel, and can effectively remove the tissue from the clot, thus improving the 

quality of life of the patient.Recent studies have found that thrombus composition may have a significant impact on the outcome of mechan-

ical endothrombectomy, including a reduction in the number of recanalisation procedures, lower resistance to recovery and improved throm-

bolytic capacity. In a recent study, analysis of retrieved stroke thrombi revealed 2 main thrombotic zones with varying composition: (1) red 

cell-rich, fibrin-poor zones; or (2) platelet-rich, fibrin-rich zones.Embolism containing fibrinogen is associated with increased recanalisation 

operations, delayed treatment and poor clinical outcomes compared with embolism containing red blood cells. In general, intravenous throm-

bolytic therapy is the most effective means of managing severe ischaemic stroke, but his disadvantages are a tightly controlled time window, 

strict indications and the potential for serious adverse effects such as haemorrhage.

3. Endovascular therapy

In recent years, endovascular therapy has become an important tool for the diagnosis and treatment of acute ischaemic stroke, includ-

ing mechanical thrombectomy and arterial thrombolysis techniques, which can significantly improve patient survival and prognosis [10-12]. 

Nevertheless, there are still many issues that need to be addressed. Firstly, how to select the right patients for the procedure, especially those 

who are not suitable for intravenous thrombolysis; and secondly, whether all patients can benefit from endovascular treatment Endovascular 

mechanical thrombectomy is performed by delivering an appropriate stent directly to the site of thrombotic occlusion, locally closing the 

stent, thereby creating a complete union between the cerebral embolus and the stent, and then slowly retracting the stent, where the stent and 

vessel will form The slow retraction creates friction between the stent and the vessel, using the adsorption function of the stent in the middle 

of the vessel to gradually bring up the cerebral embolus; arterial thrombolysis, on the other hand, is accomplished by introducing the catheter 

directly into the corresponding occluded vessel through an interventional device; and arterial thrombolysis technology can effectively inject 

thrombolytic drugs into the lesion of cerebral embolism quickly, thus achieving effective treatment. More revascularisation can be achieved 

and the risk of cerebral haemorrhage reduced, but this benefit is offset by delayed initiation [13]. Overall, endovascular treatment remains an 

important direction.
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4. Antiplatelet therapy

Anti-platelet cell therapy is also one of the cornerstones of prevention in patients with ischaemic stroke. It reduces platelet clotting in 

damaged capillaries, thereby reducing cerebral embolism and clot production, keeping capillaries open [3], inhibiting the continued develop-

ment of acute cerebral infarction and reducing its serious consequences. However, there are still many patients who have doubts and miscon-

ceptions about this approach. Therefore, there is a need to enhance knowledge dissemination in clinical practice to help patients understand 

and actively participate in antiplatelet therapy. Therefore, it is important to strengthen the prevention and treatment of stroke and to continu-

ously explore and improve antiplatelet therapy protocols to reduce the incidence of stroke and disability.

5. Anticoagulation

In the acute phase of acute ischaemic stroke, anticoagulation may not be the only treatment, but rather because there is insufficient 

medical information to suggest that anticoagulation can prevent early recurrent stroke and thus prevent further deterioration of peripheral 

nervous system disease, thereby reducing mortality and disability and promoting recovery of peripheral nervous system function. In such cas-

es, anticoagulation may be seen as a stopgap measure. However, in patients with other risk factors (e.g. hypertension, diabetes, etc.) or at risk 

of bleeding, anticoagulation should remain the first-line treatment option.Finally, anticoagulation therapy is not suitable for all people and 

needs to be considered in the context of individual differences. In conclusion, anticoagulation is an important secondary prevention measure 

that should not be overlooked, but should not be misused either.

6. Neuroprotective agents

Neurological monitoring has been one of the mainstays of ischaemic stroke prevention and treatment.Neuroprotective agents can re-

duce hypoxic damage and rescue brain cells in the hypoxic-ischaemic hemisphere by inhibiting aspects of the ischaemic cascade, thereby 

keeping brain cells undamaged prior to and during revascularisation, thereby extending the therapeutic window for intervention and thereby 

improving functional levels. As a result, there is growing interest in the development of effective neuroprotective agents.

Edaravone has emerged as an effective neuroprotective agent with multiple effects, one of the most important of which is the blocking 

of ion channels, the elimination of free radicals and its ability to effectively counteract oxidative induction, making it a safe and effective 

choice for randomised double-blind trials.

Conclusion

In recent years, progress has also been made in preventing acute ischaemic stroke and reducing the prognosis of mortality, but cur-

rently only rt-PA and MT intravenous thrombolysis are the most effective means of diagnosing acute ischaemic stroke. However, they are 

only effective within a narrow therapeutic window and are therefore limited. Neuroprotective therapies for neuron-focused AIS have failed.

In conclusion, this paper concludes from a literature review that the pathogenesis of AIS is complex and requires a variety of approaches to 

prevention and treatment. 
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Abstract: To explore the clinical efficacy of budesonide nasal spray in the treatment of allergic rhinitis. Methods: 100 patients with allergic 

rhinitis who received treatment in our hospital from January 2022 to January 2023 were selected as the study subjects. Patients were ran-

domly divided into two groups, a control group and an experimental group, with 50 patients in each group. Both groups of patients require 

treatment with loratadine. On this basis, patients in the experimental group were more likely to use budesonide nasal spray than patients in 

the control group. Observe the efficacy and adverse reactions of the two groups of patients. Results: The treatment effect and recurrence rate 

of rhinitis in the experimental group were better than those in the control group, and the treatment effect was good. The recurrence rate of pa-

tients was also decreasing. There was no significant difference in adverse reactions between the two groups (P>0.05). Conclusion The exper-

imental group of budesonide nasal spray has good efficacy and prognosis in the treatment of allergic rhinitis, with safety assurance and ideal 

application effect, which is worthy of clinical promotion and application.

Keywords: Allergic Rhinitis; Budesonide Nasal Spray; Therapeutic Efficacy; Prognosis; Loratadine

1. Data and Methods

1.1 General information of the experimental group

During the period from experimental group 2022, experimental group year, experimental group 1, experimental group month, to Jan-

uary 2023, 100 patients with allergic rhinitis in the experimental group who came to our hospital for treatment were randomly divided into 

experimental group and control group, with 50 patients in each group. After comparing the basic data of patients in the two experimental 

groups, there was no significant difference, which can be compared (P experimental group>experimental group 0.05).

1.2 Inclusion and Exclusion Criteria

Inclusion criteria: The patient was identified as an allergic rhinitis patient after examination, and the patient was over 18 years old. 

The patient’s disease cycle is more than 1 year, and before coming to our hospital for treatment, the patient has not received glucocorticoids, 

antihistamines, or other related treatment within the shortest three months. Personnel participating in the experiment should undergo blood 

routine tests and liver and kidney function tests to determine that the patient’s organs do not have pathological changes. Before participating 

in the experiment, all patients and their families were informed and signed an informed consent form. Exclusion criteria: The patient was not 

tested for allergic rhinitis. Testing is required for the drugs used, and non drug resistant patients cannot participate in the experiment. Patients 

with nasal polyps, sinusitis, and bronchial asthma cannot participate in the experiment. Patients with mental and psychological abnormalities 

cannot participate, and patients during pregnancy and lactation are excluded from participating in the experiment. Patients with malignant 

tumors and a history of allergy to some drugs, who have been using other drugs for a long time, and patients with chronic diseases cannot 

participate in the experimental study.

1.3 Method

The included patients were first given symptomatic treatment such as spasmolysis, cough relief, and asthma relief; Antibiotic treatment 

is required for patients with infection. Both groups of patients were given oral treatment with loratadine (Hainan Xinshitong Pharmaceutical 

Co., Ltd., Guoyao Zhunzi Experimental Group H20041886). On the basis of this, patients in the experimental group were given budesonide 
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nasal spray (Swedish experimental group McNeil experimental group Sweden experimental group AB, Guoyao Zhunzi experimental group 

J20180024), Daily experimental group 2 experimental groups and each side of nasal spray experimental group 64 ug/experimental group 

times. Both groups of patients were continuously treated for 4 weeks in the experimental group. During the implementation of treatment, 

patients in both experimental groups were strictly prohibited from eating more greasy foods, and more attention should be paid to keeping 

warm and avoiding various allergens.

1.4 Observations of the experimental group

(1) Treatment effectiveness: It is divided into significant, effective, and ineffective. Significant indicates that the patient’s clinical symp-

toms completely disappear after treatment, and there is no recurrence within three months. Effective indicates that the patient’s clinical symp-

toms have significantly improved after treatment, and ineffective indicates that the patient’s clinical symptoms have not significantly changed 

before and after treatment. The total effective rate of treatment is calculated based on significant and effective; (2) Adverse reactions: These 

include itching of the skin, dry nasal passages, and bloodstains in mucus; (3) Recurrence rate.

1.5 Experimental Group Statistical Methods

This research data was all analyzed using the experimental group SPSS22.0 experimental group software, and the count data was 

expressed as “[experimental group example (%)]”“ χ 2 “Test data differences; The measurement data is expressed as “(x ± s)”, and the data 

difference is tested with “t”. If the experimental group P is less than the experimental group 0.05, it is significant.

2. Results

2.1	Comparison	of	clinical	efficacy	between	the	experimental	group	and	the	two	groups

After treatment, the total effective rate of clinical treatment in the experimental group was significantly higher than that in the control 

group, with significant differences in data comparison between the groups (P<0.05 in the experimental group).

2.2 Comparison of adverse reactions in the experimental group

During the treatment period, the incidence of adverse reactions in the experimental group was 7 cases (14%), of which 2 patients in the 

experimental group developed itching of the skin, 1 patient in the experimental group developed dry nasal cavity, and 4 patients in the exper-

imental group developed bloodstains in the nasal discharge; The incidence of adverse reactions in the control group was 5 patients (10.00%) 

in the experimental group, of which 1 patient in the experimental group developed skin itching and 4 patients in the experimental group de-

veloped nasal dryness. There was no significant difference in the incidence of adverse reactions between the two groups (χ 2=0.125, P=0.723, 

P experimental group>experimental group 0.05).

2.3 Comparison of recurrence

After months of treatment in experimental group 3, 4 patients in experimental group experienced recurrence, with a recurrence rate of 8% 

in experimental group 2; Patients in the control group experienced 10 relapses in the experimental group, with a recurrence rate of 10 cases 

(5%) in the experimental group. The recurrence rate of patients in the experimental group was significantly lower than that of patients in the 

control group, with significant differences in data comparison between the groups (χ 2=5.165, P=0.023, P experimental group<experimental 

group 0.05).

3. Discussion

Allergic rhinitis is mainly caused by the patient’s own cell hypertrophy, while the IgE antibody in the experimental group binds to al-

lergens on basophils, resulting in allergic lesions. The clinical manifestations of patients with allergic rhinitis include sneezing, nasal conges-
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tion, and itching. Severe patients may experience shortness of breath and mutual shortness of breath. Therefore, in conducting the research 

experiment, the selected patients participating in the experiment cannot have diseases such as nasal polyps, sinusitis, and asthma. The most 

serious problem with allergic rhinitis is that the disease cannot be eradicated and is prone to relapse. After long-term medication, patients are 

prone to develop drug resistance. What is more serious is that patients are affected by the constant changes in the external environment, and 

eventually will have a more serious recurrence. The etiology of allergic rhinitis is relatively complex, and the pathogenesis cannot be deter-

mined at all. There are many causes of the disease, including air pollution, dietary structure, or sulfur monoxide issues.

At the present stage, conventional western medicine is often used in clinical treatment of allergic rhinitis, including the intervention of 

anti allergic drugs and hormone drugs. Although certain clinical effects can be achieved, there are many adverse reactions, and long-term use 

has drug resistance. The patient’s disease recurrence rate is high, which is not conducive to improving the prognosis of the patient. As a long-

term antihistamine, loratadine can competitively inhibit histamine by binding to receptors in the histamine experimental group H1 experimen-

tal group, thereby effectively relieving symptoms such as nasal itching, nasal congestion, and sneezing. However, this drug has a slow onset 

of action and its single use is not ideal. Therefore, on the basis of regular drug treatment, the use of glucocorticoid preparations for treatment 

has positive significance, As a glucocorticoid preparation, budesonide nasal spray has a good anti allergic effect. It can inhibit inflammatory 

mediators and reduce their secretion and synthesis, effectively control rapid local allergic reactions. It has a rapid and lasting effect, and has 

ideal curative effect. Budesonide nasal spray has good anti allergic and local anti-inflammatory effects. Nasal spray with aerosol can increase 

the concentration of local drugs, quickly improve airway inflammation, inhibit inflammatory damage mediated by immunoglobulin test group 

E, enhance the stability of smooth muscle cells and endothelial cells, reduce the sensitivity of stimulation receptors, and reduce the release 

of inflammatory mediators, thereby quickly relieving nasal congestion, runny nose Clinical symptoms such as nasal itching and sneezing can 

also regulate cytokines and eosinophils, thereby promoting the synthesis of anti-inflammatory proteins in cells. Budesonide nasal spray can 

play a therapeutic role in many ways, with strong anti-inflammatory effects, rapid onset, and lasting effects, which can promote patients’ early 

recovery.

This time, patients in the control group were treated with loratadine orally. On this basis, patients in the experimental group were treat-

ed with budesonide nasal spray. The results showed that the clinical efficacy and recurrence rate of patients in the experimental group were 

significantly better than those in the control group (P<0.05 in the experimental group), and there was no significant difference in adverse reac-

tions between the two groups (P>0.05); This shows that in patients with allergic rhinitis, the combination of loratadine and budesonide nasal 

spray has a more ideal effect, and can reduce the recurrence rate of patients without causing more adverse reactions. It can provide long-term 

and stable control of the condition, with higher clinical application safety.
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Abstract: Objective: To explore the application of single hole laparoscopic technique in gynecological accessory surgery. Methods: From 

January 2021 to December 2022, 30 patients in the hospital department who applied single hole laparoscopic appendage surgery were se-

lected for the experiment. Thirty patients were divided into the control group and the observation group, with 15 patients in each group. The 

patients in the control group were treated with conventional three hole laparoscopic surgery, and the patients in the observation group were 

treated with single hole Laparoscopy. The relevant indicators of patients in the two experimental groups during the operation and the scores 

of postoperative recovery were compared. Result: After the experiment, it was found that the sample removal time of the observation group 

patients was significantly faster than that of the control group. The pain score of the observation group patients at 24 hours after surgery was 

significantly lower than that of the control group, and the incision beauty score of the patients at 14 days after surgery was higher than that of 

the control group, with a statistically significant difference (P<0.05). Conclusion: The application of single hole laparoscopic surgery in gyne-

cological accessory surgery has a good effect. This type of surgical treatment will make patients more satisfied. Compared with conventional 

Laparoscopy, it can better reduce the postoperative scar of patients.

Keywords: Single Port Laparoscopic Technique; Gynecology; Attachment Surgery; Application

Introduction

At present, three hole and four hole Laparoscopy are the most commonly used surgical methods in gynecological clinic in China. These 

operations have good effects. Single hole Laparoscopy is mainly performed with the help of natural scars on the human umbilical. According 

to relevant survey data, the effect of single hole Laparoscopy in the treatment of gynecological accessory diseases will be better. This type of 

surgery can achieve the goal of scar free abdominal wall, which is more beautiful and can effectively improve the quality of life of current 

young women. Exploring the application effect of single hole laparoscopic technology in gynecological accessory surgery, analyzing the safe-

ty and feasibility of its surgical treatment method, the following report is presented.

1. Experimental Data and Methods

1.1 Experimental data

Collect information on 30 patients who underwent single port laparoscopic appendage surgery in the hospital from January 2021 to 

December 2022, and use them as experimental subjects. Among them, the observation group had a minimum age of 22 years and a maximum 

age of 37 years, with an overall average age of 30 years; The minimum body mass is 20kg/m2, the maximum body mass is 23kg/m2, and the 

average body mass is 22kg/m2; 4 cases were unmarried and 11 cases were married; There were 8 cases of fallopian tube lesions and 7 cases 

of ovarian lesions. The minimum age of patients in the control group was 23 years old, and the maximum age was 36 years old, with an over-

all average age of 30 years; The minimum body mass is 20kg/m2, the maximum body mass is 22kg/m2, and the average body mass is 22kg/

m2; 5 cases were unmarried and 10 cases were married; There were 9 cases of fallopian tube lesions and 6 cases of ovarian lesions. The gen-

eral data comparison between the two experimental groups showed no statistically significant difference (P>0.05), indicating comparability.

1.2 Experimental Methods

The patients in the two experimental groups used the same preparation method before surgery. They prepared skin routinely and 
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cleaned the umbilicus position of the patients. They should abstain from eating and drinking. In the afternoon before surgery, they needed to 

take compound polyethylene glycol orally for intestinal preparation, and Tracheal intubation was used for general anesthesia.

The patients in the control group used conventional laparoscopic three hole surgery. The pneumoperitoneum needle was placed in the 

longitudinal incision at the lower edge of the patient, and carbon dioxide was injected. After the pressure reached 13 mmHg, the laparoscopic 

probe was used for exploration. In combination with the type of disease of the patient, appropriate operating instruments were selected for 

subsequent treatment such as removal of Ovarian cyst.

The patients in the observation group were treated with single hole Laparoscopy. Using the special equipment for single hole laparo-

scopic surgery, a 2 to 3 cm arc skin incision was made at the upper edge of the patient, and the pneumoperitoneum needle was punctured into 

it. The pneumoperitoneum was constructed. When the patient’s pneumoperitoneum pressure was maintained at about 13 mmHg, a PORT 

was set in the middle of the arc incision to explore the patient’s pelvic cavity and abdominal cavity, and evaluate the feasibility of single hole 

surgery through the umbilical cord. According to the type of patients, different operating equipment should be selected to perform partial sal-

pingectomy or Ovarian cyst stripping on the affected side. If necessary, use a specimen bag to remove the specimen and send it to the patho-

logical examination. After the surgery is completed, remove the puncture sleeve and stitch the position of the patient’s umbilical incision 

layer by layer, with 2 intermittent stitches.

2. Results

2.1 Comparison of specimen retrieval times between two groups of patients

The sample removal time of patients in the observation group was significantly faster than that of the control group, and the difference 

was statistically significant (P<0.05), as shown in Table 1.

group Number of cases Sample removal time

Observers 15 15.30±5.64

control group 15 22.36±6.75

P ＞ 0.05

2.2 Comparison of surgical related indicators and incision beauty scores between the two groups

The pain score of patients 24 hours after surgery will be significantly lower than that of the control group, and the incision beauty score 

of patients on the 14th day will exceed that of the control group on the 14th day after surgery, with a statistically significant difference (P<0.05).

3. Conclusion

Laparoscopy is a particularly important treatment for gynecological accessory diseases, and its role is particularly significant. With 

the improvement of people’s living standards at this stage, under the influence of various factors, the number of gynecological patients who 

choose Laparoscopy continues to increase, and with the improvement of people’s requirements for the quality of surgery, Laparoscopy not 

only needs to ensure the treatment effect, but also should gradually achieve the goal of minimizing surgical trauma. The application of single 

hole Laparoscopy through the umbilical cord will cause less surgical trauma, and there is no statistical difference between the exhaust time, 

intraoperative bleeding, etc. and the relevant indicators of conventional Laparoscopy. However, the time for taking out the specimen of single 

hole surgery will be shorter, the overall patient’s postoperative pain score will be lower, and the aesthetic satisfaction will be higher (P<0.05), 

which is roughly the same as the results of previous studies. Single hole Laparoscopy can significantly reduce the removal time, prevent the 

embarrassment of traditional treatment of cutting tissue and remove, and reduce the risk of specimen residue, because the removal hole is 

large during specimen removal. Single hole Laparoscopy has all the advantages of traditional laparoscopy, so it is more and more popular 

with patients, so it has good prospects for development. However, the traditional Laparoscopy instrument is difficult to overcome the bottle-

neck of single hole laparoscopy, and the bendable instrument has poor controllability and is not an ideal tool. At present, almost all research-
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ers focus on the research and development of robot systems. LESS has many advantages that are worth promoting, and problems such as 

surgical instruments and techniques can also be effectively solved. However, it is not suitable for everyone and has its own indications. The 

evaluation of its safety and feasibility should be comprehensively considered based on the patient’s situation. Individualization of Minimally 

invasive procedure is reflected in every link of diagnosis and treatment. Blind minimally invasive surgery will increase the potential risks of 

surgery and anesthesia. Therefore, when using LESS technology, it is necessary to understand the gynaecological diseases, the patient’s age, 

basic status, whether there are complex complications and other complications, previous surgical history, beauty requirements, economic 

conditions and other factors, and also consider the local medical equipment and medical resources at the time. Using the existing Da Vinci 

robotic surgery system, KaouK and others have completed robotic single hole Laparoscopy. The new generation of flexible robot systems has 

successfully completed nephrectomy and pyeloureteroplasty on animals, and it is believed that they will also be applied in the field of gyne-

cology in the near future, making greater contributions to the vast number of gynecological patients.

To sum up, the single hole laparoscopic technique is an important part of Laparoscopy. The application of its surgical method can ef-

fectively reduce the postoperative pain of patients, improve the body surface aesthetics, and its operation will be less difficult, with advantag-

es such as convenient operation. Operators need to possess certain operational skills and grasp the indications of patients in order to provide 

more suitable surgical treatment services and reduce postoperative scars.
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Abstract: Modification of M6A RNA methylation is the most prevalent form of RNA editing in eukaryotic organisms. The m6A-methylated 

regulatory protein is intimately associated with biological processes, including GC proliferation, invasion, and metastasis. This protein is 

anticipated to serve as a target for the clinical treatment of GC in the future. This comprehensive review delineates the most recent advance-

ments and clinical implications of m6A aberrant modification in GC, aiming to furnish a novel research avenue for the exploration of GC’s 

future direction.
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Introduction

The term gastric cancer (GC) refers to a malignant tumor that develops within the digestive system. As per the Global Cancer Statistics 

Report in 2020, GC ranks as the fifth most prevalent cancer globally and stands fourth in terms of cancer-related mortality. Annually, more 

than one million new cases are reported[1]. The early signs of GC are subtle and often overlooked, resulting in a majority of diagnoses occur-

ring in the middle to late stages. This delays the initiation of optimal treatment, placing patients at a higher risk of missing the best therapeu-

tic window or experiencing intolerable systemic toxic reactions due to chemotherapy drugs. Consequently, the prognosis for these patients is 

generally unfavorable[2]. The development of GC can be influenced by numerous unmodifiable risk factors, such as advancing age[3], being 

male[4],and inheritable genetic factors[5],among others. Additionally, there are several modifiable pathogenic factors that can contribute to the 

onset of GC, including Helicobacter pylori infection[6],EB virus infection[7],and the presence of GC stem cells[8].

Precise epigenetic factors significantly contribute to the genesis and progression of tumors. The ever-expanding scope of epigenetic 

research has revealed a potential link between the invasive and metastatic capabilities of GC cells and epigenetics[9]. Among the various 

aspects, the investigation of the interaction mechanism between m6A RNA methylation and its regulatory molecules has emerged as a prom-

inent research hotspot[10]. Modification of m6A RNA is intimately associated with the incidence, progression, prognosis, and drug respon-

siveness of GC. Consequently, targeting abnormal m6A modifications holds great. The present article reviews the current advancements in 

research and clinical application of m6A aberrant modification in GC, aiming to inspire the exploration of novel therapeutic targets for this 

malignancy.

1. Overview of M6A RNA Methylation

The term “m6A RNA methylation” refers to the modification of base A at its sixth nitrogen atom through methylation. This modifica-

tion, known as m6A, is the most prevalent form of RNA modification and is widely observed in the mRNAs and lncRNAs of eukaryotes[11]. 

The regulation of m6A modification encompasses a wide range of RNA metabolic activities, including but not limited to RNA maturation, 

cleavage, transportation, degradation, and translation. The m6A modification, similar to DNA methylation or histone methylation, is a dy-

namic and reversible process primarily mediated by methyltransferase enzymes, demethylase enzymes, and RNA methylation-binding pro-

teins[12].

The methylation of the sixth nitrogen atom in RNA adenine is catalyzed by methyltransferase, which primarily consists of methyltrans-

ferase-like protein 3 (METTL3), methyltransferase-like protein 14 (METTL14), and Wilms tumor 1 associated protein 1-associated protein 

(WTAP) et al. [13]. The demethylation of RNA is primarily catalyzed by two demethylases, namely fat mass and obesity-associated protein 
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(FTO) and alpha-ketoglutarate-dependent dioxygenase homolog 5 (ALKBH5) [14]. The methylated reading protein is capable of recognizing 

and binding the M6A-modified base, thereby recruiting the RNA into a specialized protein complex. This process influences the metabol-

ic pathway of RNA and regulates the expression of target genes. The previously identified m6A recognition protein harbors the YT521-B 

homology (YTH) domain, encompassing YTHDF1, YTHDF2, YTHDF3, YTHDC1, and YTHDC2. These proteins play a pivotal role in 

facilitating mRNA degradation. The insulin-like growth factor 2 mRNA binding protein (IGF2BP), including IGF2BP-1, IGF2BP-2, and 

IGF2BP-3, is also a methylated RNA-binding protein. In contrast to the YTH domain family proteins, IGF2BP enhances mRNA stability and 

promotes protein translation[15].The present article provides a comprehensive review on the pivotal role of m6A-modified proteins in the initi-

ation and progression of GC.

2. Research Progress of M6A Methylation and GC

With the continuous advancement of science and technology, our comprehension of m6A methylation modification has progressively 

deepened. Through intricate mechanisms, m6A modification exerts a certain impact on the occurrence and progression of GC.

2.1 M6A Methyltransferase and GC

The role of ADAMTS9 as a downstream regulator of METTL3 in GC has been demonstrated by multiple studies, highlighting its 

ability to activate the PI3K/AKT pathway and drive the progression of GC[16]. METTL3-mediated m6A modification of lncRNA SNHG3 ac-

celerates GC progression by regulating the miR-186-5p/cyclinD2 axis[17]. The miR-181-5p/KLHL5 complex facilitates the proliferation, mi-

gration, and invasion of GC cells by modulating METTL3 to activate the m6A process[18]. The WTAP-mediated FAM83H-AS1 facilitates GC 

development through m6A modification, thereby offering a novel biomarker for the diagnosis and targeted therapy of GC[19]. The oncogenic 

role of KIAA1429 in GC is mediated by its ability to stabilize c-Jun mRNA, independent of m6A modification[20]. Studies have demonstrated 

that METTL16 can contribute to the promotion of GC by augmenting the stability of cyclin D1 mRNA[21]. These findings suggest that cer-

tain m6A methyltransferases play a role in promoting the initiation and progression of GC, thus necessitating further investigation into their 

mechanisms of action within this context.

The expression of METTL14 led to an increase in the m6A methylation level of circORC5 and a subsequent inhibition of its expres-

sion. This resulted in the up-regulation of miR-30c-2-3p and down-regulation of AKT1S1 and EIF4AB, ultimately leading to the suppres-

sion of GC progression[22]. The METTL14 protein serves as a prominent regulator of aberrant m6A modification in GC, exerting its tumor 

suppressor role by deactivating the PI3K/AKT/mTOR pathway and modulating the EMT pathway, thereby impeding GC cell progression 

and invasion[23]. The findings suggest that the m6A methyltransferase METTL14 exerts inhibitory effects on GC, indicating its potential as a 

promising biological target with significant implications in GC.

2.2 M6A Demethylase and GC

The M6A demethylase FTO has the ability to enhance PI3K/AKT signal transduction, thereby facilitating GC progression. Conse-

quently, FTO serves as a valuable prognostic biomarker for GC[24]. The FTO enzyme also facilitates caveolin-1 mRNA degradation through 

demethylation, regulates mitochondrial fission/fusion and metabolism, and enhances GC proliferation and metastasis[25]. According to Hu 

et al., PKMYT1 is identified as the downstream target gene of ALKBH5, which undergoes m6A modification and can subsequently be rec-

ognized and bound by the “reader” protein IGF2BP3. This interaction leads to enhanced mRNA stability and increased expression levels of 

PKMYT1, ultimately resulting in a significant promotion of GC metastasis[26]. The diverse findings imply the necessity for further investiga-

tion into the mechanisms of various m6A demethylases in GC, aiming to offer novel insights and targets for clinical management of stomach 

malignancies.

2.3 M6A Reading Protein and GC

Chen et al. discovered that PLAGL2 enhances the expression of Snail and promotes GC progression through the UCA1/miR-145-
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5p/YTHDF1 pathway, indicating that targeting PLAGL2 could be a potential therapeutic strategy for GC therapy[27]. The overexpression of 

YTHDF1 in GC is associated with a pro-tumor role. Loss of YTHDF1 leads to the upregulation of IFNGR1 and activation of JAK1/2-STAT1 

pathways in tumor cells, potentially restoring sensitivity to anti-tumor immune responses. Targeting YTHDF1 can enhance adaptive anti-tu-

mor immunity, thereby facilitating effective immunotherapy for GC[28]. The study conducted by Shen et al. demonstrated that YTHDF2 exerts 

inhibitory effects on the growth of GC cells through negative regulation of FOXC2, thus suggesting its potential as a prognostic marker for 

GC[29]. The m6A reader IGF2BP2 binds to and stabilizes CSF2 mRNA in GC MSCs, while CSF2 induces Notch1 ubiquitination for the re-

programming of MSCs[30].

3. Progress in the Clinical Treatment of M6A Methylation and GC

Chemotherapy plays a pivotal role as a non-surgical therapeutic modality for patients diagnosed with GC. Current research endeavors 

in the field of m6A modification in GC predominantly revolve around unraveling mechanisms underlying chemotherapy resistance. Wang et 

al.’s study demonstrated that knockdown of METTL3 induced apoptosis in oxaliplatin (OXA)-resistant GC cells and significantly inhibited 

the DNA repair pathway. Therefore, targeting METTL3 could potentially enhance the efficacy of oxaliplatin in treating GC[31]. The promotion 

of KIAA1429 enhances the resistance of GC cells to OXA by facilitating the stabilization of FOXM1 mRNA[32]. Zhu et al. discovered that 

KIAA1429 was upregulated in cisplatin-resistant GC cells, and its regulation of GC cell sensitivity to cisplatin was mediated through the 

stabilization of FOXM1 mRNA, providing supporting evidence for potential therapeutic strategies[33]. Liu et al. discovered that WTAP plays 

a crucial role in accelerating TGF-β signaling, thereby promoting the epithelial mesenchymal transition (EMT) of GC cells and conferring 

enhanced resistance to chemoradiotherapy. Consequently, WTAP exhibits promising potential as a predictive biomarker for GC[34].

4. Summary and Prospect

Currently, numerous studies have demonstrated the dual regulatory role of m6A modification in GC. The modulation of m6A modifica-

tion levels can either facilitate or impede the progression of GC. The m6A modification system, comprising a diverse array of regulatory pro-

teins, is intricately associated with GC. Although significant advancements have been made in current research, there remains a substantial 

gap in fully elucidating the complete picture, warranting further investigation.

In conclusion, the investigation of m6A modification and regulatory proteins presents a novel concept for the diagnosis, prognosis, and 

treatment of GC, thereby paving the way for exploring its underlying mechanisms. Anticipated advancements in clinical studies are expected 

to facilitate its application in medical practice, benefiting a substantial number of patients with GC.
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Abstract: This report explores the utilization of big data and artificial intelligence (AI) in the healthcare sector, focusing on the case of Ping 

An Health (formerly Ping An Good Doctor) in China. The rapid advancement of Internet technology has propelled the widespread adoption 

of these technologies across various industries. Ping An Health leverages its platform’s advantages to continuously innovate and enhance user 

experience, positioning itself at the forefront of the industry. The report delves into Ping An Health’s AI and big data technologies, offering 

critical analyses of the ethical, political, and social implications surrounding the company.
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Introduction

The rapid development of Internet technology has promoted the rapid popularization of big data and artificial intelligence. These two 

emerging technologies have been well applied in many fields (Mittelstadt & Floridi, 2016). In the field of healthcare, many medical technol-

ogy companies have made breakthrough achievements by applying big data and artificial intelligence to online medical service systems. Ping 

An Healthcare and Technology Co., Ltd. makes full use of the advantages of the platform to continuously develop emerging technologies to 

create excellent medical experience for users, so that it has been at the forefront of the industry (“Ping An Good Doctor,” 2021). This report 

will use the Chinese Ping An Health (Ping An Good Doctor) as an example to describe the company’s artificial intelligence and big data tech-

nologies and critically analyse the ethical, political and social issues of the company.

1. Ping An Health (Ping An Good Doctor)

Ping An Good Doctor was renamed Ping An Health on January 27, 2021. However, as Ping An Good Doctor is more well-known to the 

audience, most people in China are still accustomed to calling it Ping An Good Doctor. Founded in November 2014, Ping An Good Doctor is 

a healthcare software company based in Shanghai, China (“Ping An Good Doctor,” 2021). The company provides a platform for online con-

sultations, hospital referrals and appointments services (“Ping An Healthcare and Technology Co Ltd,” 2021). Social distance was important 

during the past three years, and the Internet medical platform alleviated the problem of difficult medical treatment at that time, even changed 

the medical habits of many potential users in a short time (Oak, 2020).

Currently, in China, most users with Internet medical needs will choose Ping An Health. Ping An Health is China’s leading medical 

platform. Relying on the leading AI medical technology, Ping An Health integrates its own medical team, external contracted doctors and 

offline medical network resources to provide online consultations and drug purchases services (“Ping An Good Doctor Global Medical Con-

sultation Platform,” 2021). In addition, Ping An Health’s real-time consultation and health content services are constantly changing people’s 

health awareness. Ping An Health gradually establishes a personal health file for each user, so that they can have a clearer understanding of 

their health status (“Ping An Good Doctor,” 2021).

2.	Artificial	Intelligence	and	Big	Data

Big data is a method of processing and analysing data that is too large or complex to be processed by traditional data processing appli-

cations (Kitchin, 2014a). Big data is to collect, store, process, analyse, apply and display the generated data, and finally realize the value of 

the data (Kitchin, 2014a). Artificial intelligence is a new technological science that researches and develops theories, methods, and applica-



-34-  Advanced Emergency Medicine

tion systems for simulating, extending and expanding human intelligence (Bartoletti, 2020).

Big data and artificial intelligence are inseparable and mutually promote each other. The rapid development of the new generation of 

information technology has enabled the value of big data to be demonstrated (Kitchin, 2014b). At the same time, with the rapid accumulation 

of massive data, artificial intelligence based on big data has gained the source for sustainable development (Bartoletti, 2020). Many big data 

applications are attributed to artificial intelligence. Big data and artificial intelligence technologies are closely integrated and can understand, 

analyse and make decisions on data, so that more accurate information can be obtained from data and the value behind data can be mined 

(Kitchin, 2014b).

Big data and artificial intelligence are new concepts emerging with the growth of network computing technology (Géczy, 2014). Big 

data is characterized by massive data, high speed, wide variety, detailed scope and flexibility. It can help enterprises in all walks of life dig out 

users’ needs from massive data, so that data can truly generate value (Kitchin, 2014b). The application of big data and artificial intelligence 

has penetrated into agriculture, industry, commerce and medical field, etc., and become an important factor affecting industrial development 

(Mittelstadt & Floridi, 2016). Ping An Health’s application of big data and artificial intelligence is a good example in the medical field.

3. The Emerging Technology Application of Ping An Health

On Ping An Health platform, users can first make a preliminary diagnosis of their physical condition through artificial intelligence, 

such as describing symptoms and past medical history to the artificial intelligence (“Ping An Good Doctor,” 2021). In addition, the artificial 

intelligence of the platform can also make use of the online consultation function to prescribe different prescriptions for individuals according 

to their physical conditions, age, and geographical location, etc. In China, most people do not have enough health awareness and judgment 

about their health status. As the largest healthcare platform in China, Ping An Health is committed to providing each family with a family 

doctor, each person with an electronic health record and a health management plan through artificial intelligence (“Ping An Good Doctor,” 

2021). Artificial intelligence can regularly monitor the health of family members, and save the results as data to provide evidence support for 

users’ future medical treatment (“Ping An Good Doctor,” 2021).

Many patients need to go to offline hospitals for further diagnosis and treatment after going through the real-time consultation process 

through the Ping An Health platform (Kexuepindao, 2018). As a data open platform, Ping An Health has accumulated a large number of pa-

tients’ medical and health information through big data. When users go offline for medical treatment, Ping An Health connects with coopera-

tive hospitals through the intelligent auxiliary diagnosis and treatment system. With the consent of the patient, users’ data is opened, allowing 

doctors to gain a deeper understanding of their health information through digitized medical records, thus reducing repeated consultations. 

This has improved the efficiency of the entire medical service (“Ping An Good Doctor,” 2021). In addition, by combing and mining user med-

ication data, Ping An Health can obtain rational drug use information of different patients, which helps pharmaceutical enterprises to develop 

new drugs and provide users with more reasonable health care and medication advice.

4. The Ethical, Political and Social Issues

Ping An Health is a platform with both praise and controversy. On the platform, users can use their mobile phones to ask doctors online 

and enjoy professional and convenient online consultation services. On the other hand, Ping An Health has also encountered many doubts. 

Firstly, some people think that a good doctor may not have enough time to treat online users every day, and they doubt the professionalism of 

doctors on the platform (Ji, 2018). Secondly, measurement bias will also cause some problems in the application of big data (Bishop, 2020). 

Therefore, some people are also skeptical about whether the platform’s AI technology is accurate enough to diagnose human diseases (Ji, 

2018). Thirdly, many people, especially the elderly, are not skilled enough in the use of new media technologies such as mobile phones, so 

they are unfamiliar with medical consultations and medicine purchases via the Internet. These are the risks faced by Ping An Health. If the 

above risks cannot be well solved and lead to the loss of users, the owners of the platform, as well as the doctors, hospitals, pharmacies, med-

ical device companies, insurance companies, banks, and other stakeholders who make profits from the platform, will all be affected by these 

risks. Thus, the above issues need to be improved and resolved by Ping An Health as soon as possible.
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Data is not neutral, and it is political in nature (Keyes, 2019). In China, the online medical industry is in line with the direction of pol-

icy encouragement. The government takes a positive attitude towards the inclusion of Internet medical services and online medical consul-

tations into medical insurance reimbursements, and actively introduces relevant supporting policies (Jasanoff, 2017). National policies con-

tinue to benefit the development of the Ping An Health platform. When technologies are adopted and used, it is because they are considered 

to achieve a specific human purpose and improve a specific social environment or to promote the interests of individuals and social groups 

(Winner, 1993). There are many links in the medical industry, and these issues are both challenges and opportunities for Ping An Health. Ping 

An Health company can improve user experience and promote the overall development of the medical industry through big data and artificial 

intelligence technologies (Mittelstadt, Allo, Taddeo, Wachter, & Floridi, 2016).

5. Conclusion

The rapid development of Ping An Health is a successful example of artificial intelligence and big data application in the medical in-

dustry. The platform is controlled by Ping An Healthcare and Technology Co., Ltd. On this platform, doctors, hospitals, pharmacies, medical 

device companies, insurance companies, and banks will all profit from it. Besides, this report also conducts a detailed analysis of Ping An 

Health’s artificial intelligence and big data applications, and believes that the company faces the risk of losing users due to the user’s distrust 

of the platform’s medical resources. So Ping An Health needs to further improve artificial intelligence, big data and other emerging technolo-

gies, and improve the accuracy of the platform in professional aspects so as to increase the trust of users and lay a good technical foundation 

for promoting the development of the entire medical industry.
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Abstract: Objective: To explore the clinical treatment methods and specific therapeutic effects of gynecological endocrine disorders. Method: 

An experiment was conducted on endocrine disorders patients admitted to the gynecology department of a certain hospital in China from No-

vember 2021 to November 2022. Forty patients were randomly selected as the experimental study subjects and divided into a control group 

and a study group. Among them, the control group adopts conventional treatment methods, while the research group adopts clomiphene 

capsules and hormone therapy based on conventional treatment methods. The clinical efficacy of the two experimental groups of patients is 

compared to determine the appropriate conventional treatment method. The levels of sexual hormones before and after the two experimental 

groups of patients and the clinical treatment effect are compared. Result: The treatment effect of the control group patients will be lower than 

that of the study group, and the treatment effectiveness rate of the control group patient group is about 70%. The effective rate of treatment in 

the patient group of the research group is about 95%. Conclusion: Through experimental argumentation, it can be understood that adding hor-

mone and clomiphene capsules to the clinical treatment effect based on conventional treatment methods will be better, and it can be promoted 

and popularized.

Keywords: Gynecology; Endocrine Disorders; Clinical Treatment; Effect

Introduction

Under the influence of gender differences and other factors, once women have endocrine disorders, they will form many adverse reac-

tions, such as irregular menstruation, Melasma on the face, etc., so they need to receive treatment in time, or their health will be affected. Ex-

ploring the current clinical treatment methods in China, the effectiveness of conventional treatment methods is relatively weak. To improve 

clinical treatment effectiveness, multiple methods such as adding clomiphene and pituitary stimulating hormone can be combined to effec-

tively control patients’ endocrine disorders and ensure their physical health.

1. Experimental Data and Methods

1.1 Experimental data

This experiment will select 40 patients with endocrine disorders admitted to the gynecology department in the hospital as the experi-

mental research subjects. These 40 patients will be randomly sampled and divided into a study group and a control group, with 20 patients in 

the control group and 20 patients in the study group. Among them, the youngest patient in the control group is 25 years old, the oldest is 40 

years old, and the overall average age is 31 years old. The youngest patient in the study group is 25 years old, the oldest is 41 years old, and 

the overall average age is 32 years old. Comparing the basic information of the two experimental groups, it was confirmed that there was no 

significant difference, and the basic information was not statistically significant (P>0.05).

1.2 Experimental Methods

The patients in the control group took the conventional treatment method, and the patients were treated with Estradiol valerate tab-

lets+progesterone. Estradiol valerate tablets were mainly used, and the treatment was carried out every 15 days, with 15 days as a course of 

treatment. At the beginning of the second course of treatment, progesterone was added twice a day. The patients need to communicate with 

their families during the course of taking the drugs. And provide correct medication guidance, so that patients can strictly follow the pre-
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scription to take medication correctly. The control group of patients received correct psychological health guidance, while also popularizing 

patients’ understanding of endocrine disorders, which improved the effectiveness of drug treatment and increased patients’ dependence. The 

study group needs to take the conventional group treatment scheme as the benchmark, and add pituitary Gonadotropin and clomiphene. The 

patients start treatment during the menstrual period. The patients use clomiphene capsules on the the fourth day of the menstrual period, with 

a daily dose of 80 mg. The patients receive pituitary Gonadotropin treatment on the 12th day of the menstrual period. During the drug treat-

ment, the medical staff should always pay attention to the improvement of the patients’ symptoms, In order to make timely adjustments to the 

medication, the daily dosage adjustment should be controlled within the range of five milligrams.

1.3 Observation indicators

The significant effect is that the patient’s endocrine disorders have been effectively controlled, some obvious symptoms have been 

alleviated, and no adverse reactions have occurred during the treatment process; The effect is generally that the overall treatment effect of 

the patient can achieve the expected goals, with some symptoms noticeably disappearing, but there may be certain adverse reactions during 

the treatment process; Poor treatment effect means that the patient’s treatment effect is average, and the symptom recovery effect is average. 

During the treatment process, there may be adverse reactions, which can be further refined into symptoms such as abdominal pain, physical 

fatigue, and dizziness.

1.4 Evaluation criteria

Clinical evaluation: After treatment, if there is no ovulation phenomenon, there is no improvement in clinical symptoms, and even 

more severe, it is considered ineffective; After treatment, ovulation occurs, with bipolar type being the basal body temperature type, and 

clinical symptoms are largely improved to be effective; After treatment, ovulation occurs, with bipolar type being the basal body temperature 

type and clinical symptoms completely disappearing as significant effect. The sum of significant and effective rates is the total effective rate 

of treatment.

2. Results

Firstly, the treatment effects of two experimental groups were compared. In the control group, there were 12 patients with significant 

effects, 2 patients with average effects, and 2 patients with poor effects. The overall group cure effective rate was 70%; The study group had 

a significant effect on 15 patients, a general effect on 4 patients, and a poor effect on 1 patient. The overall group cure rate was 95%. Through 

comparison, it can be seen that the treatment effect of the study group patient group is better than that of the control group group, and the ef-

fective rate and indicators of significantly effective patients are higher than those of the control group.

Table 1 Comparison of treatment effects between two experimental groups

grouping Number of cases significant effect The effect is average Poor effect Cure effectiveness

control group 20 12 2 6 70%

study group 20 15 4 1 95%

P p ＜ 0.05 p ＜ 0.05 p ＜ 0.05 p ＜ 0.05

3. Discussion

Through experimental comparison, it can be concluded that the treatment effect of patients in the study group will be better, indicating 

that the use of clomiphene capsules and hormones as a benchmark for conventional treatment methods is worth popularizing and applying 

in clinical practice. If the patient has endocrine disorders and does not receive timely treatment, it can cause serious damage to the patient’s 

body. Although traditional treatment methods can achieve certain therapeutic effects, in order to further improve treatment effectiveness, it is 

still necessary to optimize the treatment plan and add clomiphene capsules and hormones. In addition, in the process of formulating a treat-

ment plan, it is necessary to pay attention to the following points. In terms of drug treatment, it is necessary to control the dosage of various 
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drugs. When giving a certain drug dosage, it is necessary to analyze the actual situation of the patient, determine the past medical history, and 

after determining the treatment plan, repeatedly confirm the main status of various drugs to ensure treatment effectiveness. Irritability is the 

main cause of endocrine disorders in patients. Qi and blood stasis or yin deficiency can lead to blood stasis in the patient’s body, hindering 

the smooth operation of the patient’s veins, and increasing the risk of external toxin invasion, resulting in endocrine disorders. And during the 

actual adjustment of medication administration, it is necessary to analyze the improvement status of endocrine disorders in patients, and opti-

mize and adjust their plans based on their improvement status. If the patient’s condition improves significantly, it is necessary to moderately 

reduce the dosage of medication. If the patient’s condition does not recover, it is necessary to moderately increase the dosage of medication 

to control the patient’s condition as soon as possible. In addition, patients also need to adjust their medication regimen based on the various 

adverse reactions they experience. During the treatment process, patients often need to take multiple types of drugs, which can lead to differ-

ent adverse reactions that affect their physical functions and even have negative psychological effects. To ensure treatment effectiveness and 

reduce the probability of adverse reactions in patients, various forms such as reducing dosage or suspending administration are needed.

Conclusion

In summary, based on conventional treatment methods, increasing the application of clomiphene+hormone capsules will have a better 

effect and can quickly control the patient’s condition. In this regard, relevant medical personnel need to further improve and optimize clinical 

treatment plans for endocrine disorders, adhere to targeted and personalized treatment principles, study the medicinal mechanisms of various 

drugs, and determine appropriate treatment plans based on the actual physical and mental conditions of patients to ensure treatment effec-

tiveness. Regulating the imbalance of patients’ endocrine system enables them to develop good lifestyle habits, while ensuring sufficient rest 

and sleep time, relaxing their mood, improving their endocrine disorders, enhancing their physical fitness, and enabling them to have strong 

resistance to diseases.
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Abstract: Objective: Objective: To explore the surgical effect of suture through bone canal in the treatment of reconstruction of acute prox-

imal interphalangeal joint metacarpal anchorage. Methods From July 2018 to August 2021, we retrospectively analyzed 9 cases of avulsion 

of metacarpal plate near interphalangeal joint, including 7 males and 2 females, aged 17-40 years, with an average of 34 years. There were 4 

cases of index finger, 3 cases of middle finger and 2 cases of ring finger. Early flexion and extension exercises were performed after opera-

tion. The last follow-up included the range of motion of the proximal interphalangeal joint and joint pain. Results All patients were followed 

up (4-12 months) after operation. According to the TAM method, 7 cases were excellent and 2 cases were good. Conclusion Transosseous su-

ture for acute proximal interphalangeal joint metacarpal reconstruction has the advantages of simple operation, safety, firm fixation and rapid 

postoperative recovery.

Keywords: Palmar Plate Injury; Avulsion Reconstruction

Introduction
Injury of the proximal interphalangeal joint of the finger is a common injury of the finger, which is often accompanied by injury of 

the metacarpal plate when the finger is overstretched violently. If the injury of the metacarpal plate is not handled in time, joint stiffness will 

appear in different degrees. The palmar plate is located below the flexor tendon, and it is often torn off from the stopping point when there is 

great violence. At present, the methods of micro-anchoring are mostly used to reconstruct the palm plate, but the cost of micro-anchoring is 

high. From July, 2018 to August, 2021, 9 cases of avulsion of metacarpal joint near interphalangeal joint in our hospital were reconstructed 

by suture through bone canal, and satisfactory clinical results were obtained.

1. Materials and Methods

1.1 General information

There were 9 patients with 9 fingers, 7 males and 2 females, aged 17-40 years, with an average age of 34 years. There were 4 index 

fingers, 3 middle fingers and 2 ring fingers. There were 5 cases of sports violence injury, 3 cases of collision injury and 1 case of crush injury. 

All of them were open injuries. The time from injury to operation was 4-7 hours, and all patients underwent emergency surgery.

1.2 Surgical procedure

After successful brachial plexus block anesthesia, the patient takes the supine position, washes with normal saline and hydrogen perox-

ide, puts on a towel by routine disinfection, makes a “Z” incision on the palm side of the proximal interphalangeal joint of the affected finger, 

thoroughly debrides from shallow to deep, removes the contaminated tissue, explores the proper nerves and blood vessels of both fingers 

under a microscope, and repairs them together if there is any injury, cuts the sheath and A3 pulley, and pulls the flexor tendon to one side to 

expose the lower palmar plate, as shown in. Preserve the small piece of avulsion bone cortex connected with the metacarpal plate, rinse and 

soak it with normal saline, hydrogen peroxide and dilute iodophor again, and drill holes on both sides of the base of the middle phalanx (far 

from the articular surface) with a Kirschner wire with a diameter of 1.0mm from the palm to the back at an angle of 45 degrees to form a 

cross, and the cross point is located in the medullary cavity of the middle phalanx (try to complete it once to prevent fracture). 4-0 absorbable 
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suture was used to sew the joint capsule around the metacarpal plate, 5-0 sliding suture was used to sew the wound, and sterile dressing was 

used to bind and fix it. Plaster external fixation was performed at the position of slight flexion of the affected finger.

    
                            A                                   B                                  C                                            D                                         E

F                                                        G

Patient, female, volleyball player. A, B: External image of the patient’s preoperative finger injury C: Intraoperative exploration of the 

palmar plate is completely broken at the point of insertion, and there is a small avulsion bone D: Kirschner needle parallel to the base at a and 

b, 45° angle cross punching, 3-0 Prolene’s suture needle, from point A to point B, and then knotted at the suture proximal to the palmar plate. 

E: Firmly fix the palmar plate insertion point F: 1 year after surgery, left index finger front external image, left index finger fully extended, no 

obvious scarring G: 1 year after surgery, left index finger lateral external image, flexion function is normal.

1.3 Postoperative treatment and follow-up

Prophylactic antibiotics are used within 24 hours after surgery, patients are instructed to passively perform digital flexion and extension 

exercise after 1 week after surgery, routine stitch removal 2 weeks after surgery, external fixation of mild flexion cast of affected finger for 4 

weeks after surgery, strenuous activities are strictly prohibited within 4 weeks, and the cast is removed for active flexion and extension activi-

ties after 4 weeks.

2. Results

 After the postoperative follow-up was 4-12 months, all patients did not have infection of the postoperative wound and did not have 

skin necrosis. At the last follow-up, there were no joint contracture deformities, joint stiffness, limited flexion and extension movements, etc., 

and no pain in the affected fingers after surgery. According to the total active movement (TAM) [1]: 7 cases were excellent and 2 cases were 

good.

3. Discussion

 The proximal interphalangeal joint is a synovial hinge joint with an active flexion-extension movement of 110°-0°, surrounded by a 

box-like complex, and the palmar side maintains the stability of the palmar side of the joint by the palmar plate. The palmar plate originates 

from the proximal phalangeal head, and its proximal part thickens laterally called the limiting ligament, and ends distally at the palmar side at 

the base of the middle phalange, and is composed of hard fibrocartilage. The palmar plate is an important structure for maintaining anteropos-

terior stability and preventing hyperextension of the proximal interphalangeal joint [2].

The palmar plate is typically avulsed at the distal insertion point, where fusion with the middle phalange is weak, while the proximal 

portion is confined to the proximal phalangeal bone where the confined ligament is firmly attached to the proximal phalange and rarely rup-

tures [3]. Clinically, palmar plate injuries are mostly classified by Eaton, type I is simple palmar avulsion injury, type II is an avulsion fracture 
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with a small mid-segment base, and type III is a larger fracture piece on the palmar side of the base of the middle phalange, often involving 

larger articular surfaces [4]. Clinically, type II is common.

 For type II palmar plate injury, Adi M et al. [5] reported that the prognosis of proximal interphalangeal palmar plate injury does not de-

pend on the presence of avulsion fracture. Thus, palmar injuries with closed stability can be managed conservatively [5]. The traditional brace 

external fixation, using flexion 30°, often causes the contracture of the palmar plate, further leads to joint contracture deformity, affecting the 

finger straightening function, therefore, Edward A. Stanley et al. [6] in the finger neutral dorsal splint treatment of palmar plate injury, can lead 

to less joint flexion deformity, less requirements for hand treatment, and faster recovery of daily activities. Paschos NK et al. [7] reported that 

stable palmar plate injury without fractures, orthodactyly fixation and aluminum orthosis are a safe and effective fixation method, and com-

pared with aluminum orthosis fixation, orthodic fixation is associated with earlier recovery of activity, finger swelling and pain relief. Com-

plications of conservative management of palmar plate injury are joint stiffness, proximal interphalangeal flexion deformity, and osteoarthri-

tis. Failure of conservative management is associated with joint dislocation, fracture displacement, and possible rotation of bone fragments 
[8]. In order to minimize the occurrence of complications and achieve rapid recovery, it has become a clinical problem that needs to be solved. 

Therefore, the indications for surgery in this group: (1) open injury, there may be damage to blood vessels and nerves; (2) Type II palm plate 

injury

The traditional surgical treatment methods of palmar plate insertion reconstruction include steel wire suture dorsal withdrawal press 

fixation method, anchor fixation method, double-line compression fixation method, and improved suture anchor suture method. The ten-

sion strip wire fixation method [9] is simple and accurate to operate, but the steel wire is buried under the skin of the back of the finger, the 

steel wire irritates the skin, there is a risk of skin infection, and the steel wire needs to be withdrawn again. Anchoring is the most common 

method [10-11], but anchorage is expensive and difficult to place in the setting of multiple fractures at the base of the middle phalangeal bone. 

Double-line compression fixation has little damage to periarticular structures, but intraoperative procedures are more complicated. The tran-

soskeletal suture fixation method used in this group has no compression on the skin of the back of the finger, little skin irritation, and no built-

in remains, and there is no need for Kirschner needle to fix the joint after surgery, and no secondary surgery is required. After surgery, under 

the guidance of a physician, early finger flexion and extension exercise is performed. The effect was satisfactory during the follow-up, and 

the intraoperative operation was simple and easy to promote.

The key points of operation during the operation are to carefully clean up the small fracture block to prevent the small bone block from 

rotating, and to press and reset the small avulsion bone piece connected to the metacarpal plate. If it is difficult to handle, it can be removed. 

Fabrication of bone tunnel: drill holes on both sides of the metacarpal side at the base of middle phalanx, far away from the articular surface, 

with a Kirschner pin with a diameter of 1.0mm, showing an internal figure of eight, so as to avoid repeated drilling. Use 3-0 prolene thread 

to sew the stop point of metacarpal plate first, and then increase the arc of the sewing needle of 3-0 prolene thread appropriately, and pass 

through two bone holes. When tying the knot, the force should be moderate to prevent the suture from breaking.

Among the 10 patients, 9 patients have achieved satisfactory results, and 1 patient has a thicker proximal interphalangeal joint than the 

healthy finger, but the flexion and extension activities have recovered well. However, this operation method also has some limitations. When 

the avulsion fracture of the metacarpal plate is large, this method can not fix the fracture, and Kirschner wire internal fixation is needed at this 

time.
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Abstract: Coronary artery anomalies encompass a wide spectrum of clinical presentations and pathophysiological mechanisms, exhibiting 

significant heterogeneity. The majority of coronary artery anomalies exhibit negligible clinical manifestations.. Among these anomalies, 

the occurrence of a single left coronary artery with congenital right coronary artery agenesis represents an exceedingly rare manifestation. 

This case report presents the clinical profile of a 37-year-old male patient who underwent intervention and coronary CT to confirm his acute 

myocardial infarction and a solitary left coronary artery. A thorough understanding of coronary variations and the identification of coronary 

lesions can enable cardiovascular physicians to adopt more personalized treatment strategies for their patients.

Keywords: Coronary Angiography; CT Angiography; Myocardial Infarction; Single Coronary Artery

1. A synopsis of the case

On November 10, 2022, a 37-year-old male patient was admitted to the hospital with a complaint of chest pain and tightness that had 

persisted for six hours. The patient presented with chest pain of unknown etiology that had begun six hours prior, characterized by persistent 

posterior sternal pressure pain that worsened in paroxysms without relief. The patient reported no accompanying symptoms such as fever, 

heartburn, acid reflux, nausea, vomiting, palpitations, or dyspnea. Following evaluation at a local hospital, an electrocardiogram indicated 

an acute inferior wall ST-segment elevation myocardial infarction, and urgent examination revealed ultrasensitive troponin T (hs-TnT)levels 

of 1556.0 pg/ml and N-terminal pro-brain natriuretic peptide (NT-proBNP) levels of 773 pg/ml. The patient received treatment consisting 

of “BAY ASPIRIN 300 mg, POLIVET 300 mg”. Subsequently, emergency coronary angiography and percutaneous coronary intervention 

(PCI) were conducted through the emergency green channel. The catheter was directed to the left coronary artery using a 5F Tig, and mul-

ti-angle angiography was performed. The results indicated no apparent abnormalities in the left main trunk. However, the distal segment of 

the circumflex branch displayed a blood vessel occlusion stump, resulting in thrombolysis in myocardial infarction(TIMI) grade of 0 forward 

blood flow(Figure 1). Subsequently, the catheter was directed towards the right sinus utilizing 5F TIG, SAL 1.0, and AL0.75, consecutively. 

The absence of the right coronary artery was observed, leading to the conclusion that the patient possessed a solitary coronary artery (Figure 

2). Following this, the femoral artery was punctured, and the 7F EBU3.75 was substituted into the left coronary artery orifice.An attempt to 

occlude the lesion via the circumflex using a Runthrough guidewire was unsuccessful. Subsequently, the PILOT50 guidewire was substituted 

to traverse the occlusion to the distal end, revealing that the lesion was obstructing the right coronary artery originating from the circumflex, 

as evidenced by the guidewire trajectory (Figure 3). After pre-expansion balloon Maverick 2.0×12mm was used to dilate the lesioned vessel, 

PROMUS PREMIER 2.75×38mm and RDESI I 3.0×24mm DES were delivered along the guidewire to the lesion site for accurate position-

ing and released at 10atm. Subsequently, post-expansion balloon Quantum 3.0×15mm was employed to dilate the stent. Upon conducting a 

subsequent coronary angiogram, it was observed that the stent had undergone satisfactory expansion, exhibiting robust walls and the rein-

statement of antegrade flow with a TIMI grade of 3. (Figure 4-5).After undergoing surgery, a computed tomography angiography (CTA) of 

the coronary arteries indicated the presence of a single coronary artery (Type I). Following coronary artery stenting, the patency of the stent 

was confirmed(Figure 6-7). The patient continued to receive postoperative medication, resulting in a significant improvement in their chest 

pain and other symptoms compared to pre-surgery. Six months post-discharge, the patient remained asymptomatic and in good overall health 

without any notable discom fort.
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2. Discussion

Coronary artery anomalies encompass a heterogeneous array of lesions that exhibit varying degrees of clinical significance. Literature 

reports a prevalence rate of 1.3% for coronary artery abnormalities, with the majority of such anomalies being asymptomatic and incidental 

findings[1]. Various forms of coronary variants comprise fistulous coronary arteries, single coronary arteries, aneurysmal dilatation of coro-

nary arteries, and anomalous origins of coronary arteries. A solitary coronary artery, which emerges from the aortic arch, perfuses the entirety 

of the myocardium.. Smith[2] classified a solitary coronary artery into three distinct types based on the distribution of its arteries: type I, which 

exhibited a conformal alignment with the typical left and right coronary arteries; type II, which bifurcated into two branches following the 

left and right normal coronary arteries, respectively; and type III, which lacked a discernible travel pattern.

Myocardial ischemia can be induced in patients with coronary artery malformations and coronary atherosclerosis due to insufficient 

blood supply to the myocardium caused by coronary stenosis, as well as the potential for the malformed coronary arteries to exacerbate 

the flow-limiting effect[3]. The patient in this case presented with acute myocardial infarction and a solitary left coronary artery. Despite a 

decade-long smoking habit, which is a known risk factor for coronary heart disease, the patient was previously asymptomatic and in good 

health, without any atypical discomfort or symptoms such as chest tightness, chest pain, or syncope.The patient under consideration exhibited 

a singular left coronary artery and acute myocardial infarction. Prior to the onset of the ailment, the patient was asymptomatic with regards 

to chest tightness, chest pain, or syncope, despite having smoked for a decade, which is a significant risk factor for coronary heart disease. 

Multiple angiographies of the right coronary artery were conducted at varying angles, but failed to reveal its presence.Circumflex occlusive 

segments exhibit vascular morphology in their distal regions. Subsequently, the physician opted to employ a guide wire and balloon dilated 

vascular imaging technique to ascertain the presence of a solitary coronary artery in this region, which fell within the normal right coronary 

artery’s blood supply range. Notably, there was a discernible amelioration in symptoms post-intervention.

Various techniques are available for identifying coronary artery malformations, such as coronary angiography, coronary computed to-

mography, coronary MRI, and stress echocardiography. Each imaging modality presents distinct advantages and disadvantages. It is widely 

acknowledged that coronary angiography is the benchmark for diagnosing coronary artery disease, while coronary computed tomography (CT) 

imaging is a valuable tool for detecting coronary artery abnormalities[4]. Owing to its ability to offer a detailed depiction of the coronary arter-

ies, it furnishes a comprehensive account of the genesis and interrelation of anomalies in the coronary arteries, great vessels, and ventricles, 

thereby providing complete three-dimensional information. The principal therapeutic interventions for coronary anomalies that result in clin-

ically significant events are cardiac surgery or percutaneous coronary intervention.In recent years, the advent of interventional catheterization 

devices has led to the emergence of distinctive advantages and features of percutaneous coronary intervention (PCI) in the management of 

patients with coexisting coronary malformations and coronary artery disease[5, 6]. In the context of acute myocardial infarction and an abnor-

mal coronary origin, it is imperative for an interventional cardiologist to expeditiously assess and analyze the patient’s coronary artery. This 

assessment is based on the findings of guidewire travel angiography. In order to effectively preserve the lives of patients, cardiologists must 

possess a comprehensive understanding of cardiac vascular anatomy and execute precise interventional procedures on the affected vessel in a 

timely manner.

 
Figure 1                                                                                Figure 2
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Figure 3                                                                           Figure 4

 
Figure 5                                                                          Figure 6

Figure 7
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Abstract: This retrospective study investigates the interaction between COVID-19 and Acute Angle-Closure Glaucoma (AACG), analyzing 

clinical features, laboratory findings, and OCTA images in 20 patients diagnosed with both conditions. Elevated Intraocular Pressure (IOP) 

levels and a decrease in the deep capillary plexus (DCP) and choriocapillaris (CC) foveal vessel density were observed, with inflammation 

and coagulation markers also elevated. These findings suggest that the physiological changes induced by COVID-19 may exacerbate AACG 

symptoms. Despite the study’s limitations, including a small sample size and retrospective design, these insights are pivotal for clinicians and 

underline the importance of careful ocular monitoring in COVID-19 patients. Further research is warranted to explore the long-term implica-

tions of these findings and the mechanistic pathways underlying the interaction between COVID-19 and AACG.

Keywords: COVID-19; Acute Angle-Closure Glaucoma; Intraocular Pressure; OCTA Imaging; Microvascular Alterations; Retrospective 

Study  

Introduction
The COVID-19 pandemic, caused by SARS-CoV-2, has revealed a myriad of medical challenges, including its association with ocular 

conditions like Acute Angle-Closure Glaucoma (AACG). AACG, marked by a sudden rise in intraocular pressure, can lead to irreversible 

blindness without timely intervention. While COVID-19 is primarily a respiratory disease, it has shown extrapulmonary effects, including on 

the eyes. AACG is a pressing eye emergency, especially prevalent in Asian populations, while COVID-19 has a global footprint.(Barosco, 

Morbio et al. 2022).

Given the limited literature on the overlap between these diseases, this study delves into their comorbidity, aiming to detail the clinical 

attributes, examination results, and possible interrelations of COVID-19 and AACG in hospitalized patients. Recognizing how these diseases 

intersect is vital due to their significant health implications and the challenges they present when occurring simultaneously.

The need to explore this comorbidity stems from the severity of both conditions and their collective global health impact. Understand-

ing their concurrent clinical manifestations aids healthcare professionals in effective diagnosis and treatment. Unraveling the shared mecha-

nisms between these diseases enriches our knowledge, helping the medical community address patient care complexities during the pandem-

ic.(Friedman, Masters-Israilov et al. 2022, Golabchi, Rezaee et al. 2022).

1. Methods

1.1 Study Design

This retrospective study examined the interaction between COVID-19 and AACG using medical records from Yancheng First People’s 

Hospital from January 2020 to December 2022. Data extraction commenced after securing ethical approvals and maintaining privacy stand-

ards.

1.2 Participants

We included 20 patients aged 18 or older diagnosed with both COVID-19, confirmed by an RT-PCR test, and AACG, identified through 

comprehensive ocular examinations. Consent was secured from patients or their guardians. Exclusions were based on prior treatments, cer-

tain medical conditions, incomplete records, lack of ocular exams after COVID-19 diagnosis, or refusal to participate.
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1.3 Retrospective Study Rationale

Using a retrospective design, we systematically analyzed pre-existing data, enabling an exploration of the COVID-19 and AACG re-

lationship without new data collection. Medical records offered extensive details on patient histories, treatments, and outcomes. This method 

allowed for quick, efficient insights into the comorbidity while ensuring accuracy, bias mitigation, and ethical considerations.

1.4 Data Collection

Data was gathered to understand the link between COVID-19 and AACG, focusing on demographics, clinical features of both diseases, 

lab results, and imaging. Demographic details, such as age and sex, were noted. For COVID-19, information on infection severity, symptoms, 

and illness duration were collected. In the AACG context, we recorded clinical signs like intraocular pressure, visual acuity, anterior chamber 

status, and treatments administered.

1.5 Data Sources and Extraction

We used electronic medical records (EMRs) from a tertiary hospital. After identifying COVID-19 diagnosed patients within our study’s 

timeframe, we narrowed down to those with a simultaneous AACG diagnosis. Two researchers independently extracted data, and discrepan-

cies were resolved with a third researcher to ensure data accuracy.

1.6 Statistical Analysis

Analyses were done via SPSS, considering p < 0.05 as significant. This approach ensured a thorough data examination, shedding light 

on the studied comorbidity.

2. Patients’ Examination Results

2.1 Patients’ Demographics

Within the study’s time frame from January 2020 to December 2022, a total of 20 patients fitting the inclusion criteria were identified. 

The participants comprised 11 males and 9 females, ranging in age from 48 to 81 years, with a mean age of 67.5 (±9.7) years. These patients 

hailed from various geographic regions, providing a diverse sample for the analysis.

Table 1: Demographic Characteristics of the Patients

Variable Total (N=20) Male (n=11) Female (n=9) P-value

Age (years)

- Mean (±SD) 67.5 (±9.7) 69.3 (±8.5) 65.4 (±11.2) 0.342

- Range 48-81 51-81 48-78

Geographic Location

- Ting Hu 10 (50%) 6 (54.5%) 4 (44.4%) 0.758

- Yan Du 7 (35%) 4 (36.4%) 3 (33.3%)

- Da Feng 3 (15%) 1 (9.1%) 2 (22.2%)

2.2 Clinical Features of COVID-19

The severity of COVID-19 among the patients was variable, with 10 patients having mild symptoms, 7 experiencing moderate illness, 

and 3 with severe manifestations of the disease. The spectrum of symptoms recorded included fever (n=20), cough (n=18), dyspnea (n=14), 

fatigue (n=15), and loss of taste and smell (n=10).

The duration of COVID-19 illness in these patients was also diverse. The mild cases had a shorter duration, ranging from 5 to 10 days, 

while moderate and severe cases had prolonged illness, with durations spanning from 14 to 30 days and 20 to 45 days, respectively. It’s im-

perative to note that the three patients with severe COVID-19 had underlying comorbidities, including diabetes and hypertension.
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Table 2: Clinical Features of COVID-19 in Patients

Variable Total (N=20) Mild (n=10) Moderate (n=7) Severe (n=3) P-value

Symptoms

- Fever 20 (100%) 10 (100%) 7 (100%) 3 (100%) 1.000

- Cough 18 (90%) 8 (80%) 7 (100%) 3 (100%) 0.278

- Dyspnea 14 (70%) 5 (50%) 6 (85.7%) 3 (100%) 0.163

- Fatigue 15 (75%) 7 (70%) 6 (85.7%) 2 (66.7%) 0.762

- Loss of Taste and Smell 10 (50%) 6 (60%) 3 (42.9%) 1 (33.3%) 0.646

Duration of Illness (days)

- Mean (±SD) 15.5 (±12.7) 7.5 (±1.6) 18.9 (±5.4) 32.3 (±7.5) <0.001

- Range 5-45 5-10 14-30 20-45

2.3 Clinical Features of AACG

The Intraocular Pressure (IOP) of patients varied significantly, ranging from 22 mmHg to 52 mmHg, with a mean pressure of 36 

mmHg. Elevated IOP, higher than the normal range of 12-22 mmHg, was a consistent finding, indicating acute pressure build-ups in the eyes 

of the patients.

Visual acuity was assessed using the Snellen Eye Chart, with results ranging from 20/40 to hand motion (HM) at presentation. Patients 

with higher IOP levels were correlated with poorer visual acuity, though it’s essential to consider that factors like the duration of elevated IOP 

and individual variations could impact these outcomes.

Table 3: Laboratory Findings in COVID-19 Patients with AACG

Variable Mean (±SD) Normal Range P-value

D-dimer (mcg/mL) 1.2 (±0.3) <0.5 <0.001

CRP (mg/L) 15 (±5) <10 <0.001

2.4 Laboratory Findings

Patients with both COVID-19 and AACG exhibited certain laboratory abnormalities. COVID-19 patients with AACG had higher D-di-

mer levels, with a mean value of 1.2 mcg/mL (normal range < 0.5 mcg/mL), indicating a hypercoagulable state that is often seen in severe 

COVID-19 cases.

Additionally, C-reactive protein (CRP) levels, a marker of inflammation, were elevated, averaging at 15 mg/L (normal range < 10 mg/L). 

Elevated CRP levels were also associated with increased intraocular pressure in AACG, suggesting a possible link between systemic inflam-

mation due to COVID-19 and the exacerbation of AACG symptoms.

Table 4: OCTA Findings in Post-COVID-19 Patients with AACG

Variable Patient Group Mean Vessel Density (±SD) P-value

DCP Foveal Vessel Density Healthy Control 52% (±4) <0.001

Post-COVID-19 Patient 42% (±5)

CC Foveal Vessel Density Healthy Control 53% (±3) <0.001

Post-COVID-19 Patient 40% (±4)

2.5 Optical Coherence Tomography Angiography (OCTA) Images Study

OCTA images highlighted vascular changes in the eyes of patients with both post-COVID-19 diagnosis and AACG. A standard image 

from a healthy 52-year-old woman displayed normal vascular structures in the SCP, DCP, and CC. However, an image from a 39-year-old 

post-COVID-19 patient showed reduced vascular integrity, especially decreased vessel density in the DCP and CC layers, suggesting possible 

microvascular damage linked to COVID-19.



2023 ǀ Volume 12 ǀ Issue 4  -49-

This decrease indicates potential impaired blood flow to the retina’s deeper sections, possibly intensifying AACG severity. The findings 

emphasize the importance of closely monitoring retinal vascular changes in post-COVID-19 patients, particularly those with AACG symp-

toms. These imaging differences suggest a link between COVID-19’s systemic vascular impact and AACG development or worsening. Rec-

ognizing these OCTA patterns can guide clinicians in AACG management for patients post-COVID-19, underscoring the value of a nuanced 

understanding in patient care for these concurrent conditions.

Figure 1: OCTA Images Comparing Healthy Eye with Post-COVID-19 Eye Affected by AACG

3. Discussion

This study delves into the potential relationship between COVID-19 and AACG by examining clinical features, lab results, and OCTA 

imaging. Elevated IOP levels and systemic inflammation markers suggest that COVID-19 might intensify AACG symptoms. While our find-

ings align with previous research on COVID-19’s systemic effects, the observed decrease in foveal vessel density in post-COVID-19 patients 

presents a fresh perspective on the virus’s ocular impact(Özmen, Özkan Aksoy et al. 2023).

Limitations include a small sample size and the study’s retrospective design, which might introduce biases. The lack of an AACG-only 

control group also hinders pinpointing observed effects as solely due to the comorbidity.

Clinically, these findings prompt increased monitoring for AACG symptoms in COVID-19 patients. The vessel density decrease further 

needs exploration for its long-term effects and treatment possibilities.

(Krishna, Odayappan et al. 2023)

Future studies should be larger, prospective, and include control groups. Delving into the mechanisms behind these observed interac-

tions can pave the way for tailored treatments for patients with both conditions. This research acts as a stepping stone to better understanding 

and managing the intertwined effects of COVID-19 and AACG in the ongoing pandemic context(Zhu, Yan et al. 2023).

Conclusion

This study reveals a significant link between COVID-19 and worsened AACG symptoms, emphasizing increased IOP and unique 

vascular shifts in OCTA imaging. While limited by its sample size and retrospective nature, the findings stress the importance of ocular mon-

itoring in COVID-19 patients, especially those predisposed to AACG. The noticeable retinal vascular changes in post-COVID-19 patients 

highlight the urgency for more research on the virus’s long-term eye implications. Future studies should focus on larger cohorts, prospective 

approaches, and understanding the connection between these health issues to improve patient care in the post-COVID-19 clinical environ-

ment.
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Abstract: As the association of hyperhomocysteinemia in pregnancy with preterm birth, abortion, preeclampsia and other pregnancy compli-

cations has attracted increasing attention, 5-methyltetrahydrofolic acid has attracted much attention as a potential treatment. In this paper, the 

biological mechanism of 5-methyltetrahydrofolic acid, its relationship with hyperhomocysteinemia in pregnancy and clinical studies were 

reviewed to review the research progress of 5-methyltetrahydrofolic acid in regulating hyperhomocysteine levels in pregnancy. The purpose 

of this paper is to explore the role and influence of 5-methyltetrahydrofolic acid in the management of hyperhomocysteinemia during preg-

nancy.

Keywords: 5-Methyltetrahydrofolin; Hyperhomocysteine; Pregnancy Complications; Pregnancy Management

Introduction

Homocysteine (Hcy) is a sulfur-containing amino acid, mainly derived from methionine in the diet, and is the product of demethylation 

of methionine, which is the only source of Hcy [1, 2]. A variety of factors can lead to the accumulation of blood levels of total homocysteine 

(tHcy), resulting in hyperhomocysteinemia (HHcy), referred to as hyperhomocysteine [2]. Hcy, as a new type of toxin in the human body, has 

been named “the new generation of cholesterol” internationally. It can accelerate the oxidation of low density lipoprotein by promoting the 

generation of oxygen free radicals, and can activate the adhesion and aggregation of platelet, damage vascular endothelial cells, and is closely 

related to pregnancy-related diseases, affecting the pregnancy outcome to a certain extent [3].

In recent years, many studies have suggested that hyperhomocysteinemia may be closely related to adverse pregnancy outcomes and 

pregnancy complications in pregnant women, and we should actively manage and treat it. We can adopt healthy lifestyle intervention or 

supplement folic acid, vitamin B12 and other nutritional treatments to prevent or treat hyperhomocysteinemia [2]. Folic acid can effectively re-

duce the concentration of homocysteine in the blood, and is considered as one of the potential therapeutic drugs for vascular diseases caused 

by high homocysteine [4]. Folic acid itself is inactive in the human body, and it must be converted into 5-methyltetrahydrofolate by folate 

metabolizing enzymes in the body before it can participate in the remethylation of homocysteine, thereby reducing the serum homocysteine 

level and further reducing the occurrence of hyperhomocysteinemia in pregnancy.

1. Pathogenesis of hyperhomocysteinemia

Homocysteine is an intermediate product in the metabolism of methionine. Methionine generates homocysteine under the action of a 

series of synthases and hydrolases. The specific synthesis pathway is shown in 

Fig. 1 Hcy synthesis and remethylation pathways
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SMA: S-adenosyl methionine, 2.MAT: methionine adenosyltransferase, 3.SMA synthetase: S-Adenosyl methionase, 4.AdoHcy: 

S-adenosyl homocysteine, 5.Hcy: homocysteine, 6.5-MTHF: 5-methyltetrahydrofolate, 7.MS: methionine synthase, 8.THF: tetrahydrofolate, 

9.DMG: dimethylglycine, 10.BHMT: betaine-homocysteine methyltransferase

The metabolic pathways of homocysteine mainly rely on the transmethylation pathway and the transsulfur pathway, and the transmeth-

ylation mainly includes two: 1 and 5-methyltetrahydrofolate (5-MTHF) provide methyl for homocysteine metabolism, and tetrahydrofolate 

(THF) and methionine are catalyzed by methionine synthase (MS). 2, betaine (trimethylglycine, from choline) as a methyl donor, zinc as a 

cofactor, and then methylated to produce dimethylglycine (DMG) and methionine, as shown in Figure 1 [4, 6-8].

The route of sulfur transfer: cystathione is catalyzed by cystathione bsnthase (CBS) to form cysteine, which is irreverably converted 

to cysteine by Cystathione c-lyase (CTL). Both enzymes require the assistance of pyridoxal phosphate (vitamin B6). In turn, cystathione, 

cysteine, and alpha-ketobutyric acid are used in protein synthesis, mediating a range of biological reactions [7, 8]. 

The causes of hyperhomocysteinemia can be roughly divided into five conditions: cofactor deficiency, enzyme deficiency, excessive 

methionine intake, certain diseases, and the effects of some drugs. 1, cofactor deficiency: Vitamin B2 is a cofactor of methylenetrahydrofolate 

reductase (MTHFR), involved in the production of 5-methyltetrahydrofolate reductase; Vitamin B6 is the co-factor of Hcy to thiotransferase; 

Vitamin B12 is the cofactor of MS, MS is involved in folic acid circulation; Folic acid, also known as vitamin B9, is indispensable in the 

metabolism of Hcy. B vitamins are water-soluble vitamins that are easily excreted in the urine, resulting in HHcy. Compared with other co-

factors, supplementation with 0.5 to 5.0mg of folic acid daily has a good effect on reducing Hcy. 2, enzyme deficiency: enzyme deficiency or 

genetic errors of enzyme genes are directly related to homocysteine levels. Many studies have indicated that allele mutations of C677T TT 

and A1298C CC can increase homocysteine levels [9, 10]. CBS deficiency is the most common cause of Hcy increase, and the polymorphism 

of CBST833C gene can cause mild HHcy in different races. However, not all CBS gene polymorphisms can cause HHcy, and only C699T 

and T1080C gene polymorphisms can enhance folate and reduce Hcy function. MTHFR C677T and MS A2756G polymorphisms are caused 

by defects in the MTHFR and MS genes, and individuals with the MTHFR C677T genotype are at higher risk of HHcy in the presence of 

reduced folate and vitamin B12 levels and high blood lead concentrations. [11, 12]. Zaric et al. showed that decreased MTHFR activity was 

significantly associated with high homocysteine levels. Mutations in C677T and A1298C can lead to inhibition of MTHFR enzyme activity, 

resulting in reduced production of 5-MTHF, and thus reduced production of methionine and tetrahydrofolate from 5-MTHF and cysteine, 

resulting in impaired nucleic acid metabolism and inhibited fetal growth and development. 3, excessive intake of methionine: the only way 

to obtain methionine is to obtain it from food. Studies have found that the concentration of homocysteine-thiolactone (HTL) in urine of mice 

with normal diet or balanced diet is not as high as that of mice with high methionine diet, and the high methionine diet also causes changes in 

plasma HTL, but the changes are not significant. 4, some diseases and drugs caused: (1) Chronic renal failure: Hcy methylase and transferase 

exist in the kidney, chronic renal failure may inhibit or inactivate the activity of key enzymes of Hcy metabolism, resulting in HHcy; (2) hy-

pothyroidism: Relevant data show that hypothyroidism and thyroid drugs may affect HHcy, but the relevant evidence is lacking; (3) Anemia: 

the deficiency of folic acid and vitamin B12 will lead to megalloblastic anemia, and the blood cells contain enzymes that transform Hcy, but 

the deficiency of folic acid and vitamin B12 will lead to abnormal blood cell function, and the enzymes cannot be activated, resulting in the 

normal transformation of Hcy and the formation of HHcy; (4) Malignant tumors: experiments have confirmed that tumor cells, compared 

with normal cells, highly release Hcy, and the density of specific areas in tumor cells increases, resulting in the rapid proliferation of tumor 

cells to deplete folate and inactivate the methylation reaction catalyzed by MS. (5) Drugs: Relevant studies have also shown that cholesty-

ramine and metformin interfere with the absorption of gastrointestinal life-maintaining drugs, and methotrexate, niacin and fibrate derivatives 

directly interfere with folate and Hcy metabolism [7]. According to the relevant literature in recent years, there are many other disease factors 

causing the elevation of Hcy, which will not be listed in this paper.

2. The metabolic mechanism of 2, 5-methyltetrahydrofolate in the body

Folic acid can be obtained from foods such as beans and spinach, and can be divided into natural folic acid and synthetic folic acid ac-

cording to its source, and inactive folic acid and active folic acid according to its activity [13].
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Active folate refers to a group of substances, including dihydrofolate, tetrahydrofolate, 5, 10-methylene tetrahydrofolate, 10-formyl-

folate and 5-methyltetrahydrofolate, among which 5-methyltetrahydrofolate is the most active form of folate, which is a necessary basic sub-

stance for human life activities and a key product of active metabolism of synthetic folate. It is also the main component of natural folic acid. 

The active folic acid mainly discussed in this paper is 5-methyltetrahydrofolic acid, and its metabolic form in the body is shown in Figure 

Figure 2 Folic acid metabolism pathway

1.THF: tetrahydrofolate, 2.5,10-MTHF: 5, 10-methyltetrahydrofolate, 3.MTHFR: methyltetrahydrofolate reductase

3. Comparison of 5-methyltetrahydrofolate with ordinary folate

Inactive folic acid generally refers to synthetic folic acid that is not active in itself, and active folic acid generally refers to 5-methyltet-

rahydrofolic acid that is active without metabolism. 5-MTHF as a component of folate is superior to inactive synthetic folate (pteroylglutamate) 

of active folate, the two are different biological characteristics of chemical substances, there is a relatively close relationship. The molecular 

structure is shown in Figure 3.

Figure 3 Molecular structure of synthetic folic acid and 5-methyltetrahydrofolic acid [14]

FA contained in supplements and fortified foods is metabolized to 5-MTHF in the body via the folic acid metabolic pathway [15]. In the 

cytoplasm, 5-MTHF provides methyl for homocysteine remethylation of methionine synthesis, which reduces blood homocysteine levels [16]. 

5-MTHF has an advantage over synthetic folic acid in reducing Hcy levels in pregnancy: it is well absorbed even when gastrointestinal pH 

changes, and its bioavailability is not affected by metabolic defects. Use of 5-MTHF not only prevents the potential negative effects of the 

presence of unconverted folic acid in the peripheral circulation, but 5-MTHF in place of folic acid reduces the likelihood of hematological 

symptoms masking vitamin B12 deficiency, reduces interactions with drugs that inhibit dihydrofolate reductase, and overcomes metabolic 

defects caused by MTHFR polymorphisms [14].
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4. 5-methyltetrahydrofolate in relation to hyperhomocysteinemia in pregnancy

Studies have shown that Hcy levels in pregnant women gradually decline to 50% to 60% of pre-conception levels and then remain 

relatively stable until delivery [17, 18]. Hcy levels increased in the third trimester, but remained low, which was associated with increased ami-

no acid methylation and transmethylation in the third trimester and the needs of fetal growth and development [19]. Hyperhomocysteinemia 

during pregnancy leads to clinical manifestations of abortion, fetal dysplasia, gestational hypertension, diabetes and other pregnancy compli-

cations [20, 21]. Bo Liu et al. [22] designed a randomized controlled study to randomly supplement 164 pregnant women with folic acid (100 µg), 

L-MTHF (113 µg) or placebo daily supplements at 24 weeks of gestation. tHcy, plasma folic acid and erythrocyte folic acid (RCF) concen-

trations were analyzed at baseline and in blood collected at 8, 16 and 24 weeks. The study suggests that 5-MTHF is more effective than folic 

acid in reducing tHcy. 5-methyltetrahydrofolate, as a methyl donor, is involved in the remethylation of Hcy under the catalyst of methionine 

synthetase and vitamin B12 to reduce Hcy levels during pregnancy. The metabolic pathway is shown in the figure below.

Figure 4. Interrelationship between folic acid and homocysteine metabolism

Methylenetetrahydrofolate reductase (MTHFR) is a key enzyme in folate metabolism system and the main enzyme that causes folate 

metabolism disorders. This enzyme catalyzes the conversion of 5, 10-methylenetetrahydrofolate to 5-MTHF, which provides methyl for Hcy, 

thereby reducing Hcy levels (Figure 5). According to domestic and foreign literature reports, MTHFR gene polymorphism can not only lead 

to neural tube malformation in newborns, but also has a close relationship with congenital heart disease, Down syndrome and other neonatal 

defects [23-26]. Folic acid metabolism enzyme gene polymorphism is the main cause of folic acid metabolism disorders, and there are three 

main genotypes: MTHFR 667TT, MTHFR 667CT and MTHFR 667CC genotypes, MTHFR 667TT gene carriers are known as severe folic 

acid metabolism disorders, their folic acid metabolism enzyme activity is only 1/3 of normal people, some even lower, so that the conversion 

of folic acid in their body is difficult to carry out successfully. Resulting in elevated homocysteine levels [27]. Depending on the metabolic 

pathway, 5-MTHF is unaffected by possible mutations in the MTHFR gene.

Folate is metabolized to 5-MTHF in the body, and 5-MTHF acts as a methyl donor to re-methylate homocysteine to methionine and re-

duce tHcy levels in pregnant women, a reaction catalyzed by methionine synthase (MS) and cofactor vitamin B12. A low vitamin B12 state, 

even when the folate state is sufficient, can trap folic acid as 5-MTHF, leading to impaired purine and pyrimidine synthesis. However, folic 

acid can be metabolized to tetrahydrofolate (THF) and is directly involved in nucleotide synthesis (Figure 2). Thus, folic acid can mask the 

hematological (megaloblastic anemia) signs of vitamin B12 deficiency, delay the diagnosis of vitamin B12 deficiency, and allow the neuro-

logical complications of vitamin B12 deficiency to progress unchecked [28]. Recent studies have also shown that 5-MTHF supplementation 

during pregnancy is more effective than folic acid in reducing Hcy levels, reducing the accumulation of unmetabolized folic acid in the body, 

and avoiding the masking of anemia caused by vitamin B12 deficiency (29).

5. Summary

In recent years, the necessity of folic acid supplementation for the prevention and treatment of hyperhomocysteinemia during preg-

nancy has been confirmed by many studies. As reported in relevant literatures at home and abroad, there are polymorphisms in the genes of 
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key enzymes in the process of folic acid metabolism, leading to individual folic acid metabolism disorders. Therefore, the development and 

research of 5-MTHF becomes the key [13, 21, 30]. However, the mechanism of 5-MTHF in the treatment of hyperhomocysteinemia in pregnancy 

is not fully understood, and more large randomized controlled studies are needed to verify the isotropic effect of 5-MTHF versus ordinary fo-

lic acid in pregnant women. The prophylactic dose and therapeutic dose of 5-MTHF for hyperhomocysteinemia in pregnancy still need to be 

confirmed and improved by more experiments in the future.

Hcy is an intermediate metabolite, and recurrent higher than normal Hcy levels during pregnancy may be associated with the risk of 

placenta-mediated complications, such as fetal growth restriction, preterm birth, hypertensive disorders of pregnancy, and recurrent miscar-

riage. However, the physical, mental and psychological trauma brought by adverse pregnancy outcome to a pregnant woman and a family is 

indescribable, and even causes irreparable consequences. Therefore, it is particularly important to reduce the Hcy level and reduce the occur-

rence of pregnancy complications by making pregnant women take 5-MTHF before and during pregnancy. In this paper, we summarized that 

5-MTHF May replace folic acid to reduce Hcy level more effectively. Based on this review, we will further use prospective studies and rand-

omized controlled experiments to track the Hcy level and pregnancy outcome of pregnant women who take oral 5-MTHF and ordinary folic 

acid. To provide favorable experimental evidence for subsequent obstetrical clinicians in pregnancy management of pregnant women.
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Abstract: Objective: Acupuncture is a common treatment for postoperative ACL reconstruction, however, there are still a large number of 

gaps in the literature related to acupuncture for postoperative ACL rehabilitation. This study was conducted by measuring the clinical obser-

vation indexes and meta-analyzing the efficacy of the literature related to acupuncture for postoperative ACL rehabilitation in the CNKI and 

PUBMED databases. Results: The top 5 acupoints were ST34 28 times (14.28%), ST36 27 times (13.77%), SP10 23 times (11.73%), SP 6 

21 times (10.71%), and GB34 20 times (10.2%), and the combination of acupoints with the highest level of support was “ST34→ST36”, fol-

lowed by “ST34→SP10”, both of which had a support degree of >50%.

Keywords: Meta-Analysis; ACLR; Acupuncture Treatment

Introduction

The anterior cruciate ligament (ACL) of the knee is an important structure for maintaining the stability of the knee joint [1]. And ACL 

injury is often accompanied by limitation of knee joint motor function [2]. Most of the patients with ACL injury are combined with medial col-

lateral ligament and meniscus injury, and the patients suffer from knee pain and joint instability after injury, which greatly affects their daily 

life [3]. At present, the clinical treatment of ACL injury mainly adopts arthroscopic ACL reconstruction surgery (ACLR), which has achieved 

good therapeutic effect [4], and relevant studies have also shown that [5] traditional Chinese medicine (TCM) has excellent therapeutic efficacy 

in the treatment of postoperative rehabilitation of ACL injury.

Acupuncture is one of the commonly used therapies in traditional Chinese medicine, and several studies have proved [6, 7] that acupunc-

ture has a positive significance in the recovery of proprioception after ACLR, and that acupuncture treatment has a significant analgesic in-

hibitory effect on pain that occurs in the process of postoperative rehabilitative functional exercise after ACLR [8]. Some researchers [9] found 

that analgesia and anti-inflammation were the two major therapeutic categories of acupuncture by analyzing the disease spectrum of acupunc-

ture. Related studies also found that: 2 Hz low-frequency stimulation can cause the brain to generate and release enkephalins and endorphins, 

and 100 Hz high-frequency stimulation can cause the spinal cord to release dynorphins, which can play an analgesic role; the two can play a 

synergistic effect when used alternately to achieve analgesia [10].

However, reviewing the literature related to acupuncture for ACL postoperative rehabilitation, there is still a large gap in the literature 

related to acupuncture in regulating proprioception and pain after ACLR. Based on this premise, the present study aims to discover the cur-

rent status of research and its future trend in the field of acupuncture in ACL reconstruction and rehabilitation, and to provide research ideas 

for related scholars through meta-analysis of the clinical observation indexes and the therapeutic efficacies of acupuncture in postoperative 

rehabilitation of the ACL in the CNKI and PUBMED databases. The purpose of this study is to investigate the current status and future de-

velopment of acupuncture and moxibustion in the field of postoperative rehabilitation of ACL reconstruction, and to provide research ideas 

for related scholars.
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1. Information and methods

1.1 Search strategy

The Chinese database CNKI and the English database PUBMED were searched for all relevant literature related to acupuncture for 

postoperative ACL treatment from the beginning of the database construction to April 01, 2023. The terms “Acupuncture”, “needling”, 

“Moxibustion”, “Electroacupuncture”, “Fire”, and “Fire” were used respectively. Electroacupuncture” “Fire needle” as a category of subject 

terms, and “AND” to connect “ACL “AND” to “ACL” or “Anterior Cruciate Ligament”.

1.2 Inclusion criteria

CNKI language was limited to Chinese, and PUBMED included English literature by default, with no restriction on the type of study 

and complete, authentic and reliable information. All studies with titles, abstracts, and keywords related to the search subject terms were in-

cluded.

1.3 Exclusion criteria

(i)The type of disease studied excludes “rehabilitation treatment after ACLR”；(ii)Only “anterior cruciate ligament reconstruction” is 

involved, not “acupuncture and moxibustion” related content；(iii) The main subject of the article is “acupuncture therapy”, and the disease 

type is not related to “rehabilitation after ACL reconstruction”; (iv) reviews, animal experiments, and non-RCT related studies; (v) confer-

ence papers and news reports.

1.4 Literature Screening and Data Extraction

Two researchers reviewed the literature according to the inclusion and exclusion criteria, screened the titles and abstracts, and further 

evaluated the full text, and excluded the dissenting literature by third-party negotiation. The literature was downloaded in PDF or CAJ for-

mat, and then integrated and categorized into EXCEL for classification and statistical processing.

1.5 Results of the literature search

By searching the CNKI literature database with ACLR as the search term, the following search terms were logically connected by 

AND, respectively, and the following search results were obtained: Acupuncture 16, Needling 23, Electroacupuncture 20, Fire Acupuncture 0, 

Moxibustion 6; by searching the PUBMED database with ACL, Anterior Cruciate Ligament as the search terms, respectively, the following 

search terms were logically connected by AND The following search results were obtained: “Acupuncture” 25; “Needling” 110; “Moxibus-

tion” 7; “Electroacupuncture” 8; “Needle warming moxibustion” 0. After de-emphasis and exclusion, a total of 41 papers were included.

2. Frequency of acupoints and attribution analysis

Among the 41 papers included, 37 acupuncture prescriptions were extracted, and these acupuncture prescriptions were imported into 

EXCEL for data statistics to obtain the following results:

2.1 Frequency of use of acupuncture points

From the 41 articles included in the literature, a total of 37 prescriptions for acupoints and 4 prescriptions for single acupoints (including 

2 prescriptions for the Ah Yes point) were extracted, and the statistical results involved a total of 38 acupoints, with a total frequency of use 

of 248 times. The top 5 frequently used acupoints were ST34 28 times (14.28%), ST36 27 times (13.77%), SP10 23 times (11.73%), SP 6 21 

times (10.71%), and GB34 20 times (10.2%). See Table 1 (only those with a frequency >5 are shown):
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Name Frequency Percentage Main and collateral channels

ST34 28 11.29% ST

ST36 27 10.89% ST

SP10 23 9.27% SP

SP6 21 8.47% SP

GB34 20 8.06% GB

ST35 19 7.66% ST

ST32 15 6.05% ST

SP9 13 5.24% SP

EX-LE5 11 4.44% EX-LE

EX-LE2 8 3.23% EX-LE

ST40 6 2.42% ST

BL57 5 2.02% BL

Table 1 Acupoints with a frequency of use >5 for ACLR in acupuncture treatment

2.2 Frequency of acupoint attribution to meridians

The included acupoints were categorized into meridians. The categorization results showed that the Foot Yangming Stomach Meridian 

was used 103 times (41.53%), followed by the Foot Taiyin Spleen Meridian 63 times (25.40%) and the Foot Shaoyang Gallbladder Meridian 

33 times (13.31%). In terms of the number of acupoints, the Foot Yangming Stomach Meridian was dominated by 11 points (35.00%), the 

Foot Shaoyang Gallbladder Meridian by 6 points (15.79%), and the Foot Taiyin Spleen Meridian by 5 points (13.16%). See Table 2:

Main and collat-
eral channels

Numbers of acupoints Types of acupoints
Acupoint (Frequency)

Frequency Percentage Frequency Percentage

ST 103 41.53% 11 28.95%
st32 (15) st36 (27) st34 (28) st31 (3) st40 (6) 
st35 (19) st37 (1) st38 (1) st21 (1) st44 (1) 

st39 (1)

SP 63 25.40% 5 13.16% sp10 (23) sp9 (13) sp6 (21) sp8 (4) sp11 (2)

GB 33 13.31% 6 15.79% GB39 (3) GB34 (20) GB33 (4) GB30 (1) 
GB31 (3) GB33 (2)

EX-LE 25 10.08% 4 10.53% EX-LE5 (11) EX-LE2 (8) Siqiang acupoint 
(2) Ashi acupoint (4)

BL 13 5.24% 6 15.79% BL23 (1) BL18 (1) BL40 (4) BL57 (5) 
BL37 (1) BL55 (1)

KI 6 2.42% 4 10.53% ki10 (2) ki3 (2) ki6 (1) ki4 (1)

LI 3 1.21% 1 2.63% LI4 (3)

DU 2 0.81% 1 2.63% DU20 (2)

Table 2. Frequency of acupoint attribution to meridians

2.4 Association rule analysis

A total of 20 sets of eligible cave sets were analyzed according to the set conditions. According to the order of support, the top 5 com-

binations are: ① ST34→ST36; ② ST34→SP10; ③ SP10→SP6; ④ ST36→SP6; ⑤ ST34→SP6, see Table3, and the complex network dia-

gram shows that the core acupuncture point group is “ST34-ST36”, see Table 3:

eventualities antecedent (math.) an actual example Support/% Confidence level/%
ST34 ST36 27 72.97 81.48

ST34 SP10 23 62.16 82.61

SP10 SP6 21 56.76 85.71
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ST36 SP6 21 56.76 80.95

ST34 SP6 21 56.76 80.95

ST34 GB34 20 54.05 80

SP6 SP10, ST34 19 51.35 84.21

ST34 ST35 18 48.65 94.44

ST34 SP6, SP10 18 48.65 88.89

ST36 ST35 18 48.65 83.33

eventualities antecedent (math.) an actual example Support/% Confidence level/%
ST36 SP6, SP10 18 48.65 83.33

SP6 SP10, ST36 18 48.65 83.33

ST34 SP10, ST36 18 48.65 83.33

SP10 SP6, ST34 17 45.95 94.12

SP10 SP6, ST36 17 45.95 88.24

ST36 ST35, ST34 17 45.95 82.35

ST34 SP6, ST36 17 45.95 82.35

ST36 SP6, ST34 17 45.95 82.35

SP10 GB34, ST34 16 43.24 81.25

ST36 ST32 15 40.54 100

Table 3. Support and confidence level of association rule analysis

Figure 1. Network diagram of core acupuncture points

2.5 Cluster analysis

Using SPSS Statistic 25.0 to cluster the acupoints with frequency ≥5, as shown in Fig.2, the high-frequency selected acupoints for 

treating ACLR can be classified into five major categories when the scale is 15: ① SP10, SP9, SP6, GB34, BL57; ② ST35, EX-LE5, ST34; 

③ EX-LE2; ④ ST36, ST32; ⑤ ST40.
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Figure 2. Dendrogram of cluster analysis of core acupoints

3. Meta-analysis

3.1 Search strategy and results

The search method and results were referred to the same as 1.1 above, and after excluding cohort studies and RCT trials in which 

non-acupuncture was used as a variable, a total of 28 papers with 1,747 subjects were included, and the quality of the literature was evaluated 

according to the Cochrane Handbook of Systematic Evaluation 5.3 of the Risk of Bias Assessment Tool for Treatment Evaluation. Data ac-

quisition included the name of the first author, time of publication, intervention, and outcome indicators. Studies with incomplete data were 

supplemented by contacting the original authors.

3.2 Statistical analysis 

Review Manager 5.3 software was used to analyze the data, and the heterogeneity of the included studies was first judged; if there was 

homogeneity among the included studies (P > 0.1, I2 <50%), a fixed-effects model was used, and if the heterogeneity among the included 

studies was obvious (P < 0.1, I2 > 50%), a random-effects model was used, and at the same time, sensitivity analyses were performed to ex-

clude the studies that could cause heterogeneity, and then Meta-analysis was performed; when the included literature > 10, a funnel plot was 

used to test for publication bias. studies, and then Meta-analysis was performed; when the included literature was >10 then the funnel plot 

was used to test for publication bias. The test level was set at α=0.05. 

3.3 General characteristics of included studies    

The literature was published between 2012 and 2022; 17 of them used Lysholm score as diagnostic criterion, 19 used VAS diagnostic 

criterion, 17 used ROM diagnostic criterion, and 7 used IKDC diagnostic criterion.

3.4 Evaluation of the quality of literature

Twenty-two RCTs discussed the method of randomization and were judged to be “low risk”; six RCTs only mentioned randomization 

in the text but did not describe it specifically and were judged to be “unclear”; none of the literature reported allocation concealment; none of 

the text mentioned blinding; and the risk of bias was assessed as shown in Figures 3 and 4. Blinding was not mentioned throughout the text; 

the risk of bias assessment is shown in Figures 3 and 4.
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Figure 3. The risk of bias assessment(1)

Figure 4. The risk of bias assessment(2)

3.5 Meta-analysis

3.5.1 Lysholom score

A total of 16 papers reported the Lysholm score, of which 9 were acupuncture/ electroacupuncture therapy alone and 7 combined other 

therapies, after the test of heterogeneity, the results of subgroup 1, I2 = 82%, and the results of subgroup 2, I2 = 86%, with significant het-

erogeneity between groups, sensitivity analysis was performed, and the heterogeneity was >50% after excluding the papers one by one, and 

the results were more stable, and the random effect model was used. The results showed that the difference in Lysholm scores between the 2 

groups was statistically significant [OR = -1.62, 95% CI (-1.99, -1.26), Z = 8.67, P < 0.00001].
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3.5.2 VAS score 

A total of 18 papers reported the Lysholm score, of which 8 were pure acupuncture/electroacupuncture therapy and 10 combined other 

therapies, after the test of heterogeneity, the results of subgroup 1, I2 = 84%, and the results of subgroup 2, I2 = 90%, there was a significant 

heterogeneity between the groups, and sensitivity analysis was carried out, and the heterogeneity was all > 50% after excluding the papers 

one by one, and the result was more stable, using the random effects model. The results showed that the difference in VAS scores between the 

2 groups was statistically significant [OR = -1.63, 95% CI (-2.02, -1.24), Z = 8.13, P < 0.00001].

3.5.3 ROM score

A total of 14 papers reported the Lysholm score, of which 7 were acupuncture/electroacupuncture therapy alone, and 7 papers com-

bined other therapies, after the test of heterogeneity, the results of subgroup 1, I2 = 67%, and the results of subgroup 2, I2 = 90%, there was 

a significant heterogeneity between the groups, and sensitivity analysis was carried out, and the heterogeneity was >50% after excluding the 

papers one by one, and the results were more stable, using the random effects model. The results showed that the difference in ROM scores 

between the 2 groups was statistically significant [OR = -1.64, 95% CI (-2.02, -1.26), Z = 8.44, P < 0.00001].
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3.5.4 IKDC score 

A total of 7 papers reported the Lysholm score, after the heterogeneity test, I2 = 92%, P < 0.00001, there is obvious heterogeneity be-

tween groups, sensitivity analysis, one by one after the exclusion of the literature, heterogeneity are > 50%, the results are more stable, the 

use of random effects model. The results showed that the difference in IKDC scores between the 2 groups was statistically significant [OR = 

-1.85, 95% CI (-2.75, -0.96) , Z = 4.07, P < 0.0001].

4. Discussion

4.1 Acupoint Frequency Mining

After data mining and analyzing the 41 articles included in this study, we found that the most frequently used acupoints for acupunc-

ture-assisted postoperative rehabilitation of the anterior cruciate ligament were ST34, ST36, SP10, SP6, and GB34, and that ST34 Liangqiu 

is an acupoint of the foot-yangming gastric meridian, and is also a Xi point of the foot-yangming meridian, as mentioned in the book “Suwen- 

Impotence”, which reads: “Treating myasthenia is only to take the Yangming “The ST36 Zusanli acupoint is a lower merging point of the 

stomach meridian, and both it and the ST34 Liangqiu point are rich in qi and blood of the foot yangming meridian, which has the effect of 

tonifying qi and blood of the yangming meridian and relieving qi and blood dysfunctions after ACLR surgery, and the depletion of blood and 

qi over a long period of time results in qi and blood deficiency and loss of nourishment of sinews, which leads to muscular atrophy and weak-

ness, and limitation of flexion and extension [11]. The SP10 Sea of Blood acupoint is an acupoint of the foot Taiyin Spleen meridian acupoints, 

and ST34 and GB34 are ACL paraclinical acupuncture points, while SP10 specializes in the treatment of lower limb impotence, its location 

and ST34 relative to each other as a watchword [12] GB34 Yanglingquan acupuncture point is not only the joint point of the foot ShaoYang 

gallbladder meridian and gallbladder under the joint point, but also the eight will be points of the tendon will be ACL injuries in traditional 

Chinese medicine “tendon injuries” category, its take ACL injury is the category of Chinese medicine “tendon injury”, and it takes the acu-

point to take the meaning of relaxing tendons and activating collaterals. In addition, SP6 Sanyinjiao acupoint is the meeting place of the three 

meridians of the foot shaoyin, foot taiyin, and foot syncope, and the acupoint is taken to take the meaning of “the meridians and collaterals 

are passed, and the main treatment is reached”, and at the same time, SP6 is also a commonly used empirical point for lower limb diseases.

The analysis of the association rules of acupoints showed that the combination of acupoints with the highest degree of support was 

“ST34→ST36”, followed by “ST34→SP10”, and its degree of support was >50%. The combinations with a confidence level of up to 90% 

include “ST34-ST35”, “SP10-SP6-ST34” and “ST36-ST32”. These acupoint combinations are also commonly used in the treatment of post-

operative ACLR, and the complex network relationship diagram more intuitively demonstrated that “ST34-ST36” can be regarded as the core 

acupoints for the treatment of ACLR.

The results of cluster analysis of acupoints showed five valid clusters: cluster 1 SP10, SP9, SP6, GB34, BL57, whose selected acu-

points involved the above commonly used SP6, SP10, and GB34, which are all commonly used acupoints for regulating qi and blood loss of 

glory in the knee joints of the affected knee joints after ACLR surgery; the second group of ST35, EX-LE5, and ST34, in which EX-LE5 is 

located around the knee joint and It is a commonly selected acupoint for knee joint diseases; in the third group, EX-LE2 is a commonly used 

proximal treatment point after ACLR [13]; in the fourth group, ST36 is a high-frequency acupoint for the treatment of postoperative ACLR; ⑤ 

ST40 is a meridian acupoint of the foot yangming meridian, which is uniquely effective for the treatment of impotence and paralysis of the 
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lower limbs [14]. In this study, we analyzed the data mining of the selection pattern of acupuncture points for the treatment of postoperative 

ACLR, and compiled the patterns of commonly used acupoints, meridians, sites, and the pairing of acupoints. It was concluded that the selec-

tion of acupuncture points for the treatment of postoperative ACLR follows the therapeutic principles of promoting qi and blood circulation, 

and relieving tendons and activating collaterals, which provides a reference for the direction of clinical practice and scientific research.

4.2 Meta-analysis

Meta-analysis of the selection of outcome indicators, this study mainly included four outcome indicators, including Lysholom score, 

VAS score, ROM score, and IKDC score, and the differences were statistically significant.

There are some limitations in this study.1. In the included literature, some of the studies were unclear about the randomization method, 

allocation concealment and blinding implementation, and some of them had high-risk factors, which had a certain risk of bias.2. Literature 

on late follow-up, long-term efficacy was unclear.3. Literature on safety evaluation was not clear.4. Literature on small sample size. In future 

clinical studies, it is still necessary to further conduct more rigorous, high-quality randomized controlled trials under the guidance of evi-

dence-based medicine to provide more reliable evidence for the clinical effectiveness and safety of acupuncture for postoperative ACLR.

5. Conclusion

For the treatment of ACLR, ST34, ST36, SP10 and SP6 were selected for acupuncture, and the meridians of foot yangming gastric 

meridian and foot taiyin spleen meridian were selected for acupuncture. The core point group is “ST34-ST36”, which follows the therapeutic 

principles of promoting qi, activating blood circulation, relaxing tendons and activating collaterals, and focuses on the circulation of the me-

ridians, which can provide a reference basis for the clinic.
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Abstract: Anterior cruciate ligament (ACL) injury of the knee is one of the common sports injuries, and ACL reconstruction is currently the 

mainstream treatment. However, ACL reconstruction often produces postoperative complications such as swelling, pain, muscle atrophy, joint 

adhesion and stiffness, and timely interventional rehabilitation is needed for patients to recover the expected level. Studies have shown that 

acupuncture treatment can regulate inflammatory factors and related signalling pathways, etc., and has obvious efficacy in joint rehabilitation 

after ACL reconstruction. The authors collated clinical reports on the use of acupuncture therapy such as general acupuncture, electroacu-

puncture, moxibustion with acupuncture, snap needling, and ethnic acupuncture in the rehabilitation process after ACL reconstruction in re-

cent years, to explore the feasibility and effectiveness of the intervention of acupuncture therapy, with the aim of providing a more systematic 

reference for the treatment of ACL injury in the future clinic after surgery.

Keywords: Acupuncture Treatment; ACL Injury Reconstruction; Rehabilitation Treatment

1. Modern medical research on ACL injury

1.1 Epidemiology

ACL injury is a very common disease, with an annual incidence of 100,000 to 200,000 cases[3], the patients are mostly young people 

or athletes, and there are more males than females, of which males are mostly football, basketball sports injuries and accidental injuries, and 

females are mostly accidental injuries, badminton, skiing injuries[4]. If ACL injury is not treated in time, it is very easy to cause damage to the 

articular cartilage and meniscus, and promote joint aging[5].

1.2 Mechanism study

After ACL reconstruction, there are complications such as swelling and pain, and surgery is one of the main reasons. Even though min-

imally invasive techniques have minimised trauma, ACL tearing and intraoperative mechanical stimulation will still lead to different degrees 

of swelling and pain. Therefore, patients need to be under good pain management for a successful early rehabilitation programme. Currently, 

active contraction of the quadriceps muscle, ankle pumps, elevation of the affected limb, ice packs and other measures to promote tissue fluid 

return, anti-inflammatory and analgesic measures are generally recommended [6][7]. Furthermore, after performing ACL reconstruction, it is 

necessary to wear protective gear for a long period of time, and it is impossible to intervene in rehabilitation therapy early, which is prone to 

the adhesion of the joint. In addition, after ACL reconstruction, the joint-derived muscles will be in a state of inhibition, leading to changes 

in nerve pathways, quadriceps strength and activation is obviously insufficient, which will weaken the quadriceps strength, and postopera-

tive knee swelling and pain will further aggravate the quadriceps atrophy through this state of inhibition [8, 9]. It has also been suggested that 

early after ACL reconstruction, due to changes in cortical signalling areas, the neural control of the knee joint on the affected side decreases, 

resulting in atrophy of the quadriceps [10]. In conclusion, the intervention of active and correct rehabilitation therapy in the early stage of ACL 

reconstruction is particularly important.

2.	Knowledge	of	ACL	injury	in	Chinese	medicine

The motherland medicine, tendon is the bone joints attached to the tangible things. The Yellow Emperor’s Classic of Internal Medicine 

says that “the tendons are rigid”, “all tendons belong to the joints”, and “the tendons bind the bones and facilitate the organs”, which indi-
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cates that the function of tendons is to restrain the bones and stabilise the joints. According to the theory of Chinese medicine, the etiology 

of ACL injury is mainly caused by trauma, which belongs to the category of “tendon injury” or “tendon breakage”, and the basic mechanism 

of the disease is as follows: the local tendons of the knee joint are damaged after the trauma, and the qi and blood are not smooth, the qi is 

stagnant and blood stagnation, which results in swelling and pain; the tendons are unable to bind the bones and facilitate the organs, so the 

joint is unstable, and the flexion and extension are not favourable. Therefore, joint instability, flexion and extension are unfavourable [11]. The 

motherland medicine has rich means of rehabilitation treatment after ACL reconstruction, such as internal administration of traditional Chi-

nese medicine, hot ironing, massage, etc., which have all achieved certain results [12].

Acupuncture and moxibustion have obvious advantages in the postoperative treatment of ACL reconstruction, which is the most char-

acteristic diagnostic and therapeutic means of Chinese medicine, with the effects of dredging the meridians and collaterals, supporting the 

positive and dispelling the evil, and regulating the yin and yang. Acupuncture and Moxibustion A and B Jing said: “The pain outside the knee, 

can not flexion and extension, shin paralysis is not benevolent, Yang Guan main. Thigh paralysis leads to pain outside the knee and femur, not 

benevolent, tendon urgency, Yanglingquan is the mainstay.” Acupuncture treatment is widely used at home and abroad to treat various diseas-

es, such as neurological disorders, motor system disorders, etc., with remarkable efficacy [13]. Acupuncture treatment has the characteristics of 

easy operation, wide applicability, no side effects, and obvious efficacy in relieving pain, repair of injury, and psychological stress [14]. Studies 

have shown that in the treatment of orthopaedic and traumatic diseases, acupuncture therapy can reduce pain, improve joint mobility, bone 

metabolism and local blood circulation, as well as repair of injuries [15].

3. Clinical progress

3.1 General acupuncture treatment

The clinical efficacy of acupuncture combined with rehabilitation training for the treatment of quadriceps atrophy after ACL recon-

struction in 92 patients by Fan Xiliang [16] and others. The total effective rate of the treatment group was 93.5%, by taking Fubu, Liangqiu, 

Shusanli, Blood Sea, Yanglingquan, Yinlingquan and Sanyinjiao points. It was found that the intervention of acupuncture therapy could 

regulate the immune function of the patients, shorten the course of the disease, improve the muscle atrophy and weakness, and promote the 

functional rehabilitation of the knee joint, which was more effective than the simple rehabilitation training. Zhou Bin et al [17] used person-

alised exercise prescription combined with knee three needles to promote the rapid recovery of pilots with multiple postoperative anterior 

cruciate ligament injuries in one case was reported. The affected side Liangqiu, Blood Sea and knee eye were taken as the main points, and 

the supporting points were the affected side foot Sanli, Sanyinjiao and Yinlingquan points. It was found that the combination of personalised 

exercise prescription and the three knee points was clinically feasible to promote the rapid recovery of ACL injuries after multiple operations. 

However, this report is only an isolated case and needs to be confirmed by a series of evidence-based medical studies and clinical application.

Modern medicine has shown that acupuncture can effectively relieve muscle spasm, improve local blood and lymphatic circulation, 

promote the recovery of atrophied muscles, and inhibit inflammatory factors. Acupuncture can also regulate the nervous system, such as 

stimulating the receptors and nerve endings of the human body, strengthening the activity of afferent coarse nerve fibres (α, β, γ class), and 

weakening the activity of efferent fine nerve fibres (C class), to achieve analgesia [18].

3.2 Acupuncture combined with moxibustion

Zhong Chongxin [19] and other use of warm acupuncture and moxibustion on the Sea of Blood, the inner knee eye, calf’s nose, foot San-

li and other points in conjunction with isokinetic muscle training exercise rehabilitation treatment of anterior cruciate ligament injuries in 36 

cases of patients for clinical observation. It was found that the clinical effect of warm acupuncture and moxibustion combined with isokinetic 

muscle training and rehabilitation was more obvious for ACL injury patients, and meanwhile, it was more important for the later recovery of 

ACL injury patients under long-term and effective exercise rehabilitation. Dai Juhong[20] and others observed 40 patients with ACL injuries 

with acupuncture and moxibustion in the 2nd, 4th, and 6th weeks, and found that the reduction of the difference between the circumference 
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of the healthy side and the affected side of the upper and lower legs was better than that of the control group in the 4th and 6th weeks after 

the treatment, indicating that patients with ACL injuries who were treated with acupuncture, warming and moxibustion combined with kine-

siology had a better performance than the patients who were treated with exercise therapy alone in terms of the active maximum flexion of 

the knee, the VAS score and the Lysholm score, which was more effective in the later stage of rehabilitation. This indicates that patients treat-

ed with acupuncture and moxibustion in combination with exercise therapy for ACL injury rehabilitation have a significant advantage over 

patients treated with exercise therapy alone in terms of knee active maximum flexion, VAS score and Lysholm score, and the improvement of 

muscle atrophy of the affected limb is also significantly better than that of patients treated with exercise therapy alone.

Acupuncture and Moxibustion Volume 4” said: “Wang Jiezhai said: recent warm needle is the method of the Chu people. Its method, 

the needle points, to incense dahurica as a round cake, set on the needle, to moxibustion, more than to take the effect .....” In addition, warm 

acupuncture and moxibustion can be transmitted to the acupoints through the body of the needle, so that the warmth of the local limbs, 

enhance the stimulating effect of acupuncture points, and more effective in warming the menstruation and dispersing the cold, through the 

collaterals to relieve pain [21]. In addition, warm acupuncture and moxibustion can make the body maintain a high level of IGF-1, TGF-β ex-

pression, so as to achieve the role of promoting the repair of ACL injury, can effectively improve the ACL injury [22].

3.3 Electroacupuncture therapy

Zhou Xin [23] et al. treated 50 patients with partial ACL injuries with electroacupuncture on the 2nd day after surgery, and selected 4 

points of the foot Shaoyang meridian on the affected side, namely, Hang Zhong, Yanglingquan, Knee Yangguan, and Huanjiao. It was found 

that for patients with partial ACL injury, electroacupuncture therapy with selected foot Shaoyang meridian points after ACL injury recon-

struction surgery, knee joint proprioception was able to be improved more significantly to a certain extent, but long-term follow-up is needed. 

Yu Xiaoxia [24] et al. grouped 92 cases of ACL patients to observe the effects of electroacupuncture combined with systematic rehabilitation 

training on isometric muscle strength, joint mobility and body function of postoperative patients with anterior cruciate ligament injury (ACL). 

Fenglong, Xiangmen, Thigh Pass, Liangqiu, Ashigaru, Blood Sea, Diqi, Inner Knee Eye, Calvary and Sanyinjiao points on the affected side 

were selected. After treatment, it was observed that the knee joint mobility of the study group was greater than that of the control group 

(P<0.05), and the swelling of the affected knee was less than that of the control group (P<0.05). Wang Huajun[25] et al. randomly grouped 

140 patients after reconstruction of ACL injury for observation, and took the affected side Fengshi, Fubu, Ashigaru, Shangjiuxu, Fenglong, 

Hangzhong, Diji, and Sanyinjiao points. Regular observation of the observation group showed that the knee ROM was greater than that of 

the control group (P<0.05), IKDC score and Lysholm score were higher than that of the control group (P<0.05). There were no complications 

related to laxity rupture in both groups within 1 year, and the axial shift test, the anterior drawer test, and the Lachman test were all negative. 

It is discussed that electroacupuncture combined with conventional rehabilitation training can significantly reduce the patients’ knee pain, 

improve the degree of swelling, increase the mobility of the affected knee, promote functional recovery, and the efficacy is better than that of 

simple rehabilitation training.

Electroacupuncture is a therapeutic method that uses a certain frequency of electrical impulses to enhance the stimulation of acupoints 

after the millimetre needle is inserted into the acupoints. Electroacupuncture therapy can unblock the conduction of nerve pathways, inhibit 

inflammatory factors, and relieve stubborn pain through electrical stimulation.

3.4 Snap-needle therapy

Liu Xinyu [26] observed the effect of timely analgesia in 80 patients randomly grouped after ACL reconstruction, respectively, after 2 

days of treatment. After sterilisation, snap needles were buried, and the following points were used: take Ah Yes point, calf’s nose, inner knee 

eye, crane’s top, Liang Qiu, Yang Ling Quan point. The timely analgesic effect of the observation group was found to be better than that of 

the control group, and the difference was statistically significant (P<0.05). Snap-needle therapy is safe, aseptic, convenient, effective in time-

ly analgesia, easily accepted by patients, and meets the expectation of rapid recovery after ACL reconstruction, which is worth promoting in 

clinical rehabilitation treatment.
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Snap-needle therapy belongs to intradermal needle therapy, which is the category of shallow stabbing and floating stabbing in acu-

puncture therapy, burying the needles under the skin or acupoints, and regulating the internal organs and meridians of the meridians and qi 

through the stimulation of persistent, weak and stable acupoints and subcutaneous nerves, which can promote the operation of qi and blood, 

and recover the imbalance of the organism.

3.5 Lotus Needle Cupping Therapy (Acupuncture and Moxibustion of Zhuang Medicine)

Lotus needle cupping and cupping and stasis expulsion method of Zhuang medicine is the core therapy of Professor Huang Jinming, a 

master of national medicine [27]. Liu Yongkun [28] et al. took 52 patients after reconstruction surgery as study subjects and randomly grouped 

26 cases each. The control group was given conventional rehabilitation training such as quadriceps contraction; while the observation group 

was given postoperative rehabilitation by Lotus Needle Cupping and Blood Stasis Method of Zhuang Medicine with the following acupoints: 

taking the Sea of Blood, Sea of Qi, Baihui, Liangqiu, Calvary, Knee Yangguan, Inner Knee Eye and Outer Knee Eye, and so on. It was found 

that the Lotus Needle Cupping and Blood Stasis Removal Method of Zhuang Medicine, as a rehabilitation treatment plan, could better im-

prove the stability and activity function of the knee joint and promote the effective recovery of the proprioception of the knee joint, which is 

safer and has certain clinical value.

According to Zhuang medicine, Lotus Needle Cupping and Blood Stasis Removal Therapy can dredge the three channels and two 

paths, balance the qi and blood, support the positive and eliminate the toxins, and synchronise the three qi. Modern medicine shows that 

Lotus Needle Cupping and Blood Stasis Relief Therapy can play a certain advantage in relieving knee pain and promoting the stability and 

functional recovery of the knee joint by improving the inflammatory factor [29].

4. Summary

ACL injury is a sports system disease with high morbidity and serious complications, and the main purpose of postoperative ACL inju-

ry is to restore the function and stability of the knee joint missing from the ACL and to promote the patients to return to the pre-injury activity 

level [30]. Therefore, rehabilitation research after ACL injury reconstruction has an important value. At present, many scholars have combined 

acupuncture treatment to rehabilitate patients after ACL reconstruction surgery, and all of them have achieved relatively significant therapeu-

tic effects [31, 32-41]. The efficacy of combined acupuncture and moxibustion therapy is more obvious than that of single rehabilitation training, 

and it is very worthwhile to carry out extensive clinical research in the treatment of post-reconstructive rehabilitation after ACL injury, which 

can not only provide clinical scholars with multi-channel diagnostic and treatment means as well as different ideas of rehabilitation, but also 

enhance the patients’ confidence in the treatment, and promote the patients’ rapid recovery. However, at present, there is a lack of in-depth 

research on its mechanism, and more clinical scholars are expected to conduct in-depth investigations on how to choose better acupuncture 

treatment options, so as to provide better therapeutic ideas for post-reconstructive rehabilitation of ACL.
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Abstract: Objectives: Analysis of advances, hotspots and frontiers of tumor-related phytochemicals by scientific bibliometric methods during 

2012-2023. Background: Natural phytochemicals are abundantly found in nature and have a wide range of biological activities. Phytochem-

icals have been shown to provide both curative and preventive benefits on many chronic diseases such as cancers. Tumor research on phyto-

chemicals is one of the fields with the greatest potential for expansion in the world. However, there is still much to explore about the action 

mechanism of phytochemicals, the efficacy and safety of application in vivo, and the value of clinical practice. Methods: A total of 6523 arti-

cles on tumor-related phytochemicals were identified from the Web of Science Core Collection (WOSCC) database for research on tumor-re-

lated phytochemicals. The bibliometric analysis was carried out using CiteSpace and the R package “Bibliometrix”. Results: The analysis 

includes 6523 publications from 144 nations or regions, with China leading the way. The number of annual publications increased rapidly 

from 2012 to 2022 and reached a maximum in 2022. China published the most articles, followed by India and the United States. There is a 

wide range of collaborations between countries, with Saudi Arabia and Egypt being the closest partners. LI Y has produced the most research 

outputs, yet Prof. Liu RH has received the most local citations. Although MOLECULES has the most articles, FOOD CHEMISTRY is the 

journal with the highest H-index. The main topics include phytochemical mechanisms and clinical applications in carcinogenesis and devel-

opment. “Secondary metabolite”, “green synthesis”, “functional food”, and “degradation” all exhibit significant citation burstness between 

2019-2023. Conclusions: This study is the first to apply bibliometrics to examine the development of phytochemicals in oncology research 

over the period 2010-2023, which gives researchers a brief overview of advances, hotspots, and potential future trends in the field.

Keywords: Bibliometrics; Phytochemicals; Cancer; CiteSpace; Future Trends

1. Introduction

With rising levels of industrialization, the global burden of cancer mortality and incidence has been rising quickly in the past few 

decades. According to WHO Figures, cancer has surpassed cardiovascular disease as the leading cause of death before the age of 70 in 112 

nations worldwide[1]. In 2023, it is anticipated that there will be 609,820 cancer deaths and 1,958,310 new cancer cases in the U.S[2]. Over the 

last several years, a great deal of study has been done on the pathogenesis and treatment principles of malignancies, yet traditional surgery, 

radiation therapy, and chemotherapy are likely to have some major adverse effects, possibly even endangering patient life. Therefore, the 

need for more effective, safe, and inexpensive treatment options is urgent. The biologically active substances known as phytochemicals sup-

port plant interactions with their environment during biological evolution. Numerous well-known phytochemicals exist today, including ca-

rotenoid, phytosterol, saponin, glucosinolate, polyphenol, etc. According to research, phytochemicals have a variety of biological functions, 

including anticancer, antioxidant, and immunomodulation. In order to provide creative research guidelines and choose logical clinical therapy 

regimens, it is crucial to comprehend the hotspots in the field of phytochemical research and predict future developments.

By statistically assessing a significant amount of literary data, bibliometric analysis is able to objectively analyze the hotspots, dynam-

ics, and development trends in a variety of sectors. The technique has developed and is frequently applied in sectors that relate to medicine. 

However, none of the papers used bibliometric analysis in regard to the Phytochemicals for anti-tumor research. none of the article used 

bibliometric analysis in regard to the Phytochemicals for anti-tumor research. Based on previous studies, the major areas of interest for phy-

tochemicals include their inhibitory effects on cancer cells[3-5], chemopreventive effects[6-8], synergetic effects[9, 10] and reverse growing clinical 

multi-drug resistance(MDR)[11]. The earlier induction and summary methods based on the Review have significant drawbacks, including a 
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brief time period, subjective document selection, the ease with which crucial influencing elements can be missed, etc., which make it impos-

sible to systematically examine the long-term dynamic development trends. 

In any case, the aiticle aims to use bibliometric analysis to systematically investigate the advances in phytochemicals in tumor research.

2. Methods

2.1 Search Strategy and Data Source

Web of Science (http://www.webofknowledge.com), as a multidisciplinary worldwide academic information database, features the 

most comprehensive collection of international mainstream journals and rigorous retrieval patterns. All data for this study were obtained from 

the Web of Science Core Collection (WOSCC) database. On July 26, 2023, we used the advanced search to find publications about tumors 

and phytochemicals from 2010 to 2023, using the following search formula: TS= ((“Phytochemical*”) AND (“Tumo$r*” OR “Cancer *” OR 

“Oncology*” OR “Neoplasm*” OR “Carcinoma*”)). The Publication type was only restricted to article and the Language type is English. On 

July 26, we exported all eligible data in order to prevent bias brought on by database updates, obtaining a total of 6523 articles.

2.2 Statistics Analysis

To complete the bibliometric analysis, use the CiteSpce (version 6.1.R6) and the R package “Bibliometrix” (version 2.2.1), as well 

as Office 2019 for the correlation graphing. Scientific bibliometric software known as Bibliometrix is based on the RStudio. It can perform 

tasks like importing and converting texts, performing metrological analyses, creating matrices, normalizing data, creating networks, creating 

graphs, etc. Professor Chao-Mei Chen of the School of Computing and Intelligence at Drexel University created the visual literature analy-

sis program called CiteSpace, which uses special algorithms to form co-occurrence networks and conduct clustering analyses. We used the 

Bibliometrix to show annual scientific production, average citations per year, countries scientific production and collaboration, most local 

cited authors, etc. CiteSpace was used to produce references co-cited and keyword co-occurrence networks, clustering, dual-map and citation 

bursts. The two pieces of software to jointly investigate the advances, hotspots and frontiers.

3. Results

3.1 General situation description

First, we selected 6523 articles from the WOS-core collection (WOSCC) that were particularly relevant to phytochemicals related 

to tumors. The selection process is shown in Figure 1. Figure 2A depicts the annual scientific production of Tumor-related phytochemicals 

from 2010 to 2022. 2023 is not shown in the statistics because it is only halfway through the year. The number of publication (NP) exhibits a 

general upward trend from 2010 to 2022, averaging around 300. Only 2018 (n=487, 7.41%) shows some the NP reduction, with rises in both 

2011-2012 and 2018-2022 being particularly noticeable. The greatest NP was 2022 (n=1032, 15.82%). We created a polynomial regression 

equation, in Microsoft Office Excel 2019 to forecast the NP that will be published in 2023. The time prediction curve model was constructed 

by fitting the data with the equation (), which predicted that the NP in 2023 may reach approximately 980, and the fitted data were statistical-

ly well (). The average annual citations (AAC) of the papers in Figure 2B climbed quickly in 2010-2013, and despite some changes between 

2013 and 2020, the total number of citations (TC) remained sTable. The maximum was attained in 2019 (n=3.31). Contrary to the yearly NP, 

the average annual citations from 2020 to 2023 showed a considerable decrease.
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Figure 1 Document retrieval flow chart based on WOSCC

Figure 2 (A) Annual scientific production and polynomial regression modeling (B) Average citations per year during 2010 to 2023

3.2 Countries/regions analysis

In Figure 3, which compares the frequency of publications and national collaboration networks across 144 nations or regions, China 

(n=1197, 18.35%), India (n=930, 14.25%), the United States (n=520, 7.97%), and South Korea (n=384, 5.88%) are shown as the highest NP 
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countries. There has been a great deal of international cooperation, with Saudi Arabia and Egypt collaborating the most closely (Freq=185). 

India and Saudi Arabia (Freq=136) as well as China and the United States (Freq=172) followed after this. Table 1 lists the Top15 countries/

regions according to the Total Citations (TC). China has the most NP (n=1197) and TC (n=20599) internationally, followed by the U.S and 

India. We were shocked to see that SYRIA (n=96.00), SWEDEN (n=31.80), and the U.S (n=31.60) had the most Average Article Citations 

(AAC) internationally. The Countries with the greatest NP and TC worldwide, China and India, are only ranked 26th (n=17.2) and 40th 

(n=14.9) in the AAC rankings, respectively.

Figure 3 National/Regional Publications And International Cooperation Networks

Table 1 Top 15 Countries/Regions In Terms Of Total Citations

Rank Country NP TC Average Article Citations

1 CHINA 1197 20599 17.20

2 USA 520 16573 31.60

3 INDIA 930 13845 14.90

4 KOREA 384 5937 15.50

5 ITALY 283 5918 20.90

6 GERMANY 108 2778 25.70

7 PAKISTAN 228 2769 12.10

8 BRAZIL 230 2428 10.60

9 SAUDI ARABIA 239 2393 10.00

10 IRAN 177 2376 13.40

11 MALAYSIA 149 2313 15.50

12 EGYPT 197 2105 10.70

13 JAPAN 114 1821 16.00

14 SPAIN 75 1695 22.60

15 POLAND 116 1629 14.00

3.3 Author analysis

A total of 25103 authors were involved in the papers on tumor-related phytochemicals. Table 2 shows the Top15 authors with the most 

local citations, along with other relevant information including H-index, TC, and NP. Liu RH was ranked first (n=52). Additionally, individ-

uals named EFFERTH T, KUMAR S, KONG ANT, SU ZY, and KUBATKA P had more than 35 local citations. Top10 authors’ NP and the 

TC are depicted in Figure 4A (represented by the size of the circle and the darkness of the circle’s color, respectively). In 2012, each author 
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had published a various number of papers, particularly is LI Y, the top-ranked author, first published in 2010 (n=2), who produced the most 

significant NP (n=12) and TC (n=57.14) in 2017. 2022 was the most prolific year for the 10 authors overall, with a total of 78 publications. In 

Figure 4B, co-authors’ nationalities can be analyzed to reveal how well they collaborate internationally, it can be found that the countries with 

the greatest number of the multiple country publications (MCP) are India (n=228), China (n=199), Saudi Arabia (n=173), the United States 

(n=160), and Pakistan (n=117). However, Saudi Arabia had the highest percentage of the MCP in the total NP (n=173, 72.38%). China and 

India had MCP rates of 10.65% and 24.51%, respectively.

Table 2 The Top15 Authors’ Local Citations

Rank Author Local Citations H-index NP TC

1 LIU RH 52 20 28 2103

2 EFFERTH T 47 14 33 593

3 KUMAR S 46 15 35 662

4 KONG ANT 37 11 13 618

5 SU ZY 36 7 9 412

6 KUBATKA P 35 8 9 305

7 KELLO M 34 9 9 328

8 MOJZIS J 34 9 9 328

9 ADAMKOV M 32 7 7 271

10 BEALE P 32 7 10 161

11 FERREIRA ICFR 31 15 35 876

12 ZENGIN G 30 13 40 415

13 KAJO K 29 6 6 203

14 MAHOMOODALLY MF 29 10 25 307

15 PEC M 28 7 8 269

Figure 4 (A) Top10 authors’ annual publications and total citation over time. (The size of the circle represents the NP, and the color of the 

circle represents the TC) (B) Percentage of co-authorship by authors of different nationalities
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3.4 Journal analysis

The 6523 articles were published in a total of 969 distinct journals, and Figure 5 depicts the annual NPs variation in the top 10 jour-

nals. The most papers were published in MOLECULES (n=299, 4.58%), and the number of publications in this journal exhibited an upward 

trend each year, reaching peak in 2022 (n=90). Similarly, NATURAL PRODUCT RESEARCH, PLANTS-BASEL and SOUTH AFRICAN 

JOURNAL OF BOTANY follow the peaking, the maximum NP, trend as MOLECULES. Additionally, PHYTOCHEMISTRY LETTERS saw 

a dramatically increase between 2012 and 2016, and the NP decreases sharply after reaching the peak in 2017. The top 15 journals according 

to H-index are shown in Table 3, with FOOD CHEMISTRY journal having the highest H-index (n=40). Some journals are second only to it, 

including BMC COMPLEMENTARY AND ALTERNATIVE MEDICINE, PLOS ONE, and JOURNAL OF AGRICULTURAL AND FOOD 

CHEMISTRY, etc. 

Figure 5 The cumulative number of publications of the top 10 journals

Table 3 Top15 journals impact by H-index

Rank Element H-index G-index TC NP

1 FOOD CHEMISTRY 40 62 3934 73

2 BMC COMPLEMENTARY AND ALTERNATIVE MEDICINE 32 44 2642 94

3 PLOS ONE 31 50 2933 88

4 JOURNAL OF AGRICULTURAL AND FOOD CHEMISTRY 30 45 2209 62

5 MOLECULES 30 42 3431 299

6 SCIENTIFIC REPORTS 27 35 1512 68

7 JOURNAL OF ETHNOPHARMACOLOGY 26 34 2295 154

8 PHYTOMEDICINE 26 37 1694 79

9 FOOD AND CHEMICAL TOXICOLOGY 25 39 1682 53

10 PHYTOCHEMISTRY LETTERS 24 31 3430 276

11 JOURNAL OF NATURAL PRODUCTS 22 33 1239 51

12 BIOMEDICINE \& PHARMACOTHERAPY 21 34 1381 61

13 INTERNATIONAL JOURNAL OF MOLECULAR SCIENCES 21 30 1211 102

14 JOURNAL OF FUNCTIONAL FOODS 20 31 1107 49

15 INDUSTRIAL CROPS AND PRODUCTS 19 30 981 44
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3.5 References analysis

With one year as the time slice, Figure 6A shows the co-cited network of references with high mediational centrality. There are 

864 nodes and 1593 connecting lines in total. The reference was divided into 22 distinct clusters based on the co-cited network using the 

Log-Likelihood (LLR) clustering method in order to identify common themes among related references. The three clusters with the highest 

number of references found by this research were #0 withaferina, #1 drug combination, and #2 anti-inflammatry, with a Weighted Mean Sil-

houette value of 0.9368 suggesting that the results of the clustering were incredibly impressive. 

Table 4 shows the three co-cited papers with the highest centrality (n=0.38) published in the CA-CANCER J CLIN (United States, 

IF=74.575), Siegel RL et al. provided 2021 global cancer burden statistics[12]. A 2018 reference by Chikara S et al. demonstrates how different 

phytochemicals affect oxidative stress and associated signaling pathways in cancer[13]. The sources and functions of phytochemicals that have 

been successfully applied as anticancer drugs in the clinic are summarized by Seca AML et al[14]. Shukla S et al. summarized the epigenetics 

regulation by phytochemicals in tumor chemoprevention[15].

Reference or Keywords with a high frequency of citations in a short amount of time are termed as citation bursts. Table 5 shows the 

Top20 citation bursts of references. The papers by LEE KW et al. and Hanahan D et al. both show the strongest bursts from 2012 to 2016, ex-

pressing the biology of phytochemicals in the progression of cancers[16] and the molecular targets of phytochemicals for cancer prevention[17], 

respectively. Several the bursts appearing after 2021 continue to be widely cited today, including the 2018 Global Cancer Statistics from 

GLOBALCAN[18], SwissADME, a web-based tool, for small molecule pharmacokinetics[19], and Choudhari AS et al. 2020 for an introduction 

to potential druggability and therapeutic uses[20].

Figure 6B is a dual-map overlay of bibliographic references in the tumor-related (2010-2023). With the distribution of journals where 

the citing articles is applied on the left and the corresponding cited articles on the right. We identified three sets of significant citation routes 

in total (three orange, two yellow, and one purple). Orange paths: VETERINARY, ANIMAL and SCIENCE; yellow paths: CHEMISTRY, 

MATERIALS and PHYSLCS; purple paths: CHEMISTRY, MATERIALS and PHYSLCS. The cited papers in the orange paths are typically 

published in Molecular, Biology and Immunology. It is interesting that all three sets of go-getters, major Journal Distribution of Cited refer-

ences, with distinct colored paths have the most articles published in MOLECULAR, BIOLOGY, and GENATICS.
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Figure 6 (A) The reference co-citation network and clustering analysis (B) Dual-map overlay plot concerning phytochemicals antitumor 

research

Table 4 Top15 co-citation reference based on the Betweenness Centrality

Rank Count Centrality Year Author Source DOI

1 198 0.38 2021 Siegel RL CA-CANCER J CLIN 10.3322/caac.21654

2 42 0.24 2018 Chikara S CANCER LETT 10.1016/j.canlet.2017.11.002

3 25 0.15 2018 Seca AML INT J MOL SCI 10.3390/ijms19010263

4 62 0.12 2015 Ferlay J INT J CANCER 10.1002/ijc.29210

5 18 0.12 2014 Shukla S CANCER LETT 10.1016/j.canlet.2014.09.017

6 17 0.11 2010 Shu LM CANCER METAST REV 10.1007/s10555-010-9239-y
7 30 0.09 2011 Hanahan D CELL 10.1016/j.cell.2011.02.013

8 24 0.09 2018 Mohanraj K SCI REP-UK 10.1038/s41598-018-22631-z

9 15 0.09 2016 Anantharaju PG NUTR J 10.1186/s12937-016-0217-2

10 39 0.08 2011 Lee KW NAT REV CANCER 10.1038/nrc3017

11 11 0.08 2016 Ahmed S J ADV RES 10.1016/j.jare.2015.02.007

12 25 0.07 2012 Newman DJ J NAT PROD 10.1021/np200906s

13 24 0.07 2020 Kopustinskiene DM NUTRIENTS 10.3390/nu12020457

14 60 0.06 2016 Newman DJ J NAT PROD 10.1021/acs.jnatprod.5b01055

15 22 0.06 2015 Greenwell M INT J PHARM SCI RES 10.13040/IJPSR.0975-8232.6(10).4103-12

Table 5 Top 20 References with the Strongest Citation Bursts

References Year Strength Begin End 2010 - 2023 

Lee KW, 2011, NAT REV CANCER, V11, P211, DOI 
10.1038/nrc3017, DOI 2011 17.15 2012 2016 ▂▂▃▃▃▃▃▂▂▂▂▂▂▂ 

Hanahan D, 2011, CELL, V144, P646, DOI 10.1016/
j.cell.2011.02.013, DOI 2011 13.16 2012 2016 ▂▂▃▃▃▃▃▂▂▂▂▂▂▂ 

[Anonymous], 2014, CA-CANCER J CLIN, V0, P0 2014 11.61 2014 2019 ▂▂▂▂▃▃▃▃▃▃▂▂▂▂ 

Shu LM, 2010, CANCER METAST REV, V29, P483, 
DOI 10.1007/s10555-010-9239-y, DOI 2010 8.37 2012 2015 ▂▂▃▃▃▃▂▂▂▂▂▂▂▂ 

Newman DJ, 2012, J NAT PROD, V75, P311, DOI 
10.1021/np200906s, DOI 2012 10.79 2013 2017 ▂▂▂▃▃▃▃▃▂▂▂▂▂▂ 

Siegel R, 2012, CA-CANCER J CLIN, V62, P10, DOI 
10.3322/caac.20138, DOI 2012 7.77 2013 2014 ▂▂▂▃▃▂▂▂▂▂▂▂▂▂ 

Su ZY, 2013, TOP CURR CHEM, V329, P133, DOI 
10.1007/128, 2012, 340, DOI 2013 8.04 2014 2018 ▂▂▂▂▃▃▃▃▃▂▂▂▂▂ 
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Siegel RL, 2015, CA-CANCER J CLIN, V65, P5, DOI 
10.3322/caac.21254, DOI 2015 14.69 2015 2019 ▂▂▂▂▂▃▃▃▃▃▂▂▂▂ 

Ferlay J, 2015, INT J CANCER, V136, PE359, DOI 
10.1002/ijc.29210, DOI 2015 19.13 2016 2020 ▂▂▂▂▂▂▃▃▃▃▃▂▂▂ 

Newman DJ, 2016, J NAT PROD, V79, P629, DOI 
10.1021/acs.jnatprod.5b01055, DOI 2016 16.12 2017 2021 ▂▂▂▂▂▂▂▃▃▃▃▃▂▂ 

Torre LA, 2015, CA-CANCER J CLIN, V65, P87, DOI 
10.3322/caac.21262, DOI 2015 9.87 2017 2020 ▂▂▂▂▂▂▂▃▃▃▃▂▂▂ 

Kotecha R, 2016, ONCOTARGET, V7, P52517, DOI 
10.18632/oncotarget.9593, DOI 2016 8.53 2017 2021 ▂▂▂▂▂▂▂▃▃▃▃▃▂▂ 

Zhang YJ, 2015, MOLECULES, V20, P21138, DOI 
10.3390/molecules201219753, DOI 2015 7.89 2017 2020 ▂▂▂▂▂▂▂▃▃▃▃▂▂▂ 

Greenwell M, 2015, INT J PHARM SCI RES, V6, P4103, 
DOI 10.13040/IJPSR.0975-8232.6(10).4103-12, DOI 2015 10.05 2018 2020 ▂▂▂▂▂▂▂▂▃▃▃▂▂▂ 

Redza-Dutordoir M, 2016, BBA-MOL CELL RES, 
V1863, P2977, DOI 10.1016/j.bbamcr.2016.09.012, DOI 2016 9.36 2019 2021 ▂▂▂▂▂▂▂▂▂▃▃▃▂▂ 

Panche AN, 2016, J NUTR SCI, V5, P0, DOI 10.1017/
jns.2016.41, DOI 2016 8.97 2019 2021 ▂▂▂▂▂▂▂▂▂▃▃▃▂▂ 

Atanasov AG, 2015, BIOTECHNOL ADV, V33, P1582, 
DOI 10.1016/j.biotechadv.2015.08.001, DOI 2015 8.28 2019 2020 ▂▂▂▂▂▂▂▂▂▃▃▂▂▂ 

Bray F, 2018, CA-CANCER J CLIN, V68, P394, DOI 
10.3322/caac.21492, DOI 2018 28.05 2021 2023 ▂▂▂▂▂▂▂▂▂▂▂▃▃▃ 

Daina A, 2017, SCI REP-UK, V7, P0, DOI 10.1038/
srep42717, DOI 2017 17.3 2021 2023 ▂▂▂▂▂▂▂▂▂▂▂▃▃▃ 

Choudhari AS, 2020, FRONT PHARMACOL, V10, P0, 
DOI 10.3389/fphar.2019.01614, DOI 2020 10.78 2021 2023 ▂▂▂▂▂▂▂▂▂▂▂▃▃▃ 

3.7	Keywords	analysis

Figure 7A depicts the keywords co-occurrence network with a time slice of 1 year, which consists of 606 nodes and 3095 connecting 

lines. Eight clusters were produced by Log-Likelihood (LLR), including #0 cytotoxic activity, #1 antioxidant capacity, #2 apoptosis, #3 

molecular docking, #4 breast cancer #5 oxidative stress, etc. The Top15 keywords with the highest betweenness centrality in the phytochem-

icals research from 2010 to 2023 are clearly listed in Table 6. The emergence of “alkaloid” in 2010 with the highest centricity, in addition to 

“chemotherapy”, “antitumor activity”, and “ellagic acid”, all of which play crucial roles in the research and development of tumor-related 

phytochemicals.

The Top20 keywords with citation bursts are listed in Figure 7B. The blue lines denote time intervals, and the red lines depict keyword 

burst time periods. During 2012-2018, the keywords “chemoprevention”, “epithelial cell”, “in vivo”, “mice”, “phosphorylation”, and “free 

radical” came into view. In which the chemoprevention has the strongest citation bursts (STRENGTH=12.86). Additionally, researchers have 

continued to pay close attention to some keywords, such as “system”, “secondary metabolite”, “green synthesis”, “functional food”, “degra-

dation”, etc. since 2019 or 2020 till now.
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Figure 7 (A) Keyword co-occurrence mapping and clustering (different colors in the Figure represent different clusters and nodes). (B) 

Top20 keywords strength and time of occurrence with most citation bursts.

Table 6 Top15 co-occurring keywords by centrality

Rank Count Centrality Year Keyword

1 79 0.06 2010 alkaloid

2 63 0.06 2010 chemotherapy

3 84 0.05 2012 antitumor activity

4 67 0.05 2012 ellagic acid

5 408 0.04 2010 flavonoid

6 162 0.04 2010 glycoside

7 102 0.04 2012 lung cancer

8 88 0.04 2012 bioavailability

9 74 0.04 2012 rat

10 72 0.04 2012 model

11 48 0.04 2012 alpha

12 39 0.04 2012 binding

13 30 0.04 2013 cisplatin

14 434 0.03 2010 constituent

15 324 0.03 2010 leave
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4. Discussion

Currently, with the incidence and mortality of cancer rising globally, how to overcome the toxic side effects as well as multidrug resist-

ance (MDR) caused by conventional treatments, and develop safe therapeutic strategies has become a major problem for clinicians. Natural 

phytochemicals have demonstrated great therapeutic potential for a variety of chronic conditions, particularly in the chemoprevention and 

co-treatment of cancer. However, there are still several issues that need to be resolved before phytochemicals widely used, including the 

proper concentration, application methods, in vivo mode of action, and safety, etc. For these reasons, this study is the first bibliometric ex-

amination of the connection between phytochemicals and tumors, allowing researchers to easily grasp the research advances, hotspots, and 

frontiers.

General Information

Oncology and phytochemicals-related papers totaling 6523 were searched for and extracted from the WOSCC between 2010 and 

2023, as the foundation for this bibliometric study. A time-series analysis of the annual NP and AAC is beneficial to understand the dynamic 

research progress in a field. In terms of annual NP, tumor-related phytochemicals have shown a general upward trend. Without a doubt, the 

two most noTable dates are 2012 and 2022. 2012 witnessed the beginning of research on tumor-related phytochemicals, and since then, both 

the annual NP and the average citations per year have grown rapidly. The NP peaked in 2022 with 1,032 articles appearing and increased by 

more than twice as much as in 2012. After 2020, however, the average annual citations decreased dramatically, which may be related to the 

delay in citations of newly published papers. Following 2012, a large number of studies clarified the chemopreventive and therapeutic poten-

tial of phytochemicals against preclinical models of a variety of cancers[21, 22], including the EGCG[23-25], Resveratrol[26, 27], and Curcumin[28]. 

In terms of mechanistic investigations, it has been demonstrated that phytochemicals inhibit tumor proliferation, invasion, and metastasis by 

down-regulating multiple pathways. Examples include PI3K/ Akt / mTOR[29, 30] , IL - 6 / JAK/ STAT3[31], NF - κB[11, 32], MAPK/ ERK[33]. 

These studies have contributed to the peak of publications, and the available evidence suggests that the research on tumor-related phytochem-

icals will continue to increase in the future.

China has the highest NP and TC in tumor-related phytochemicals research which is reflected in the country/region analysis (Table 1), 

which examines the popularity and output of a study in various nations and regions. This characteristic is also demonstrated in Figure 4A, 

where the authors of high-impact publications are virtually exclusively Chinese, with varying numbers of papers produced from 2012 on-

wards. This may be related to China’s long history of dietary and traditional Chinese medicine culture. There is a strong cooperation between 

high-publishing countries, with Saudi Arabia and Iran being the most frequent partners, followed by China and the United States. Saudi Ara-

bia is also the nation with the most co-authors of various nationalities. Surprisingly, SYRIA, SWEDEN, and the U.S are the top3 nations with 

the greatest average article citations internationally, with China and India being left out of the Top20. This indicates that the quality of papers 

from China and India needs to be improved, and more cross-national or cross-nationality collaborations should be carried out in the future. 

Statistics demonstrate a significant correlation between population density and the burden of tumors in China, India, and the United States, 

which may be one of the explanations for why these nations are more active in tumor-related phytochemical study.

When we used local citations to evaluate the influence of authors, Prof. Liu, Rui Hai from Shenyang Agricultural University attracted 

our attention the most, focusing on the antioxidant and antiproliferative activities of different phytochemicals in cancer. For example, Ursolic 

Acid inhibits the growth of breast cancer cells and induces death via the Nrf2 or p231/MAPK signaling pathways[34, 35]. Efferth Thomas from 

Johannes Gutenberg University of Mainz and Kumar Shashank from Central University of Punjab, both of Germany. The most publications 

about tumor-related phytochemicals are published in MOLECULES. The first open-access journal of MDPI, MOLECULES was established 

in 1996, which includes two main columns, “Materials Chemistry” and “Nanochemistry”, and contains a wide range of articles in the fields 

of materials chemistry, biomedicine and nanomaterials. Food Chemistry (IF=8.8) in the subject of food science and technology in the United 

Kingdom, launched in 1976 and published as a semimonthly by Elsevier Press, has the highest H-index and TC. It offers complete open ac-

cess and publishes a wide variety of original research papers in the fields of food chemistry and biochemistry. Although this journal does not 

appear in the Top10 journals in terms of number of articles issued (Figure 5), it has the most TC. Indicating that its excellent academic caliber 
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has attracted greater attention and citations from scholars.

Knowledge Base

A reference’s or a keyword’s centrality is a reliable sign of how significant it is to the wider network. In this bibliometric analysis, we 

evaluated the Top15 references with the highest centrality (Table 4) to understand the research base of tumor-related phytochemicals. Along 

with the global cancer incidence and mortality rates provided by GLOBALCAN, the Global Cancer Burden Statistics published by Siegel 

RL et al. in 2021 had the highest centrality and number of citations, which underlined the necessity of antitumor research[12, 36]. A range of 

phytochemicals exert chemopreventive effects on cancer by lowering oxidative stress were reviewed by Chikara S[12, 36]. Natural phytochem-

icals still play a significant role in antitumor research due to their antioxidant properties. For instance, SAW CL et al. showed that Quercetin, 

Kaempferol, and Pterostilbene exert a synergistic antioxidant stress effect by activating the Nef2-ARE pathway and reducing intracellular 

levels of reactive oxygen species (ROS)[37]. In addition, the four highly centrality literature reviewed phytochemicals as anticancer medicines 

successfully applied in the clinic or in clinical trials[14, 38-40]. These phytochemicals are the cornerstone of research and keep advancing practi-

cally in fresh studies. For instance, in 2012, the FDA approved the use of sphingomyelin/cholesterol (SM/Chol) liposome vincristine (Marqi-

bo®) for the treatment of relapsed acute lymphoblastic leukemia in adults[41]. Since then, novel pathways for the clinical use of Paclitaxel[42], 

Vincristine[43] and Homoharringtonine[44, 45] have been discovered, highlighting the enormous potential of phytochemicals for medical uses. 

Shukla S et al. revealed how plant chemicals can modify epigenetics to mediate anticancer effects[15]. In 2016, Anantharaju PG et al. intro-

duced phenolic compounds to regulate vascular endothelial factors, cell cycle proteins, transcription factors, epigenetics and other effects[46]. 

The Top15 centrality keywords in Table 6 can also assist us in swiftly summarizing the fundamental information of studies on tumor-related 

phytochemicals. These keywords primarily include alkaloid, chemotherapy, antitumor activity, flavonoid, glycoside, lung cancer, and bio-

availability, among others. Global cancer burden, processes of phytochemicals in carcinogenesis and development, and clinical applications 

make up the majority of the fundamentals on phytochemicals associated with tumors.

Hot Topics and Frontiers

Reference and keyword citation bursts are frequently used to highlight trending themes over time. We can understand the research hot-

spots of tumor-associated phytochemicals by combining the keywords bursts (Figure 7B) with the corresponding clustering maps. Between 

2012 and 2016, the impacts of cancer chemotherapy were incredibly prevalent in citation bursts. For instance, Nitidine, a STAT3 pathway 

inhibitor, inhibits Janus kinase 2 / STAT3 signaling and STAT3 DNA binding activity in endothelial cells to mediate angiogenesis suppression 

and apoptosis[47]. SHAN et al. demonstrated for the first time that Sulforaphane (SFN) mediates EMT inhibition in bladder cancer through 

the mir-200c/ZEB1 pathway[48]. Picrasidine induces apoptosis in cholangiocarcinoma cells by activating mitochondria-dependent pathways 

through induction of Cystatinase activation, regulation of bcl2/Bax expression and inactivation of the PI3K/AKT pathway[49]. According to 

these research, phytochemicals, as modulators of important cell signaling pathways, interact with cancer targets to have chemopreventive. 

Interestingly, Sulforaphane and Nitisin, two chemical compounds with nitrogen, are included in the most centrality term “Alkaloid” that 

are frequently found in nature. Subsequently, new findings on the regulation of epigenetics by phenolic chemicals continue to emerge. For 

instance, EGCG induces RKIP expression by histone modification in AsPC-1 pancreatic cancer cells, which reduces invasive and metastatic 

activities[23]. Resveratrol reduces the risk of breast tumors caused by exposure to aromatic hydrocarbon receptor agonists (AhR) during preg-

nancy by inhibiting CpG methylation of the BRCA-1 gene[26]. The keywords “in vivo” and “mice” have the longest time span between 2012 

and 2020, since in vivo animal experiments, such as nude mouse transplanted tumor models, may better imitate the complex in vivo environ-

ment and are one of the most widely used techniques for anticancer drug screening. Between 2015 and 2019, lipid peroxidation got a lot of 

attention, particularly in anticancer investigations involving oxidative stress and Ferroptosis. For instance, colon cancer cells treated with Saf-

fron extracts CST and CTA dramatically reduced hydrogen peroxide-induced ROS generation and MDA levels (a recognized LPO marker)[50]. 

In 2017, Tamara Y et al. showed that strawberry extracts enriched with anthocyanin fractions modulated lipid metabolism, modulated ROS 

and Thiobarbituric Acid (TBARs) production to improve the redox status of HepG2 cells[51]. Ferroptosis is primarily triggered by LPO, which 

has three primary stages: initiation, propagation, and termination[52]. Numerous phytochemicals have been demonstrated to have anticancer 

effects when they target NRF2 to induce LPO and iron-deficiency anemia[53]. In present, some keywords from 2019 continue to have a large 
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audience, including secondary metabolite, green synthesis, functional food, and degradation. 

In addition, some other hotspots also deserve our attention. Withaferin A (WFA) is one of the most important herbs in Ayurvedic 

system in India[54]M.</author></authors></contributors><auth-address>School of Systems Biology, George Mason University, Manassas, 

VA, United States.</auth-address><titles><title>Evaluating anticancer properties of Withaferin A-a potent phytochemical</title><second-

ary-title>Front Pharmacol</secondary-title></titles><periodical><full-title>Front Pharmacol</full-title></periodical><pages>975320</

pages><volume>13</volume><edition>2022/11/08</edition><keywords><keyword>Ashwagandha</keyword><keyword>Withaferin A</

keyword><keyword>Withania somnifera</keyword><keyword>apoptosis</keyword><keyword>cancer</keyword><keyword>cancer treat-

ment</keyword><keyword>withanolides</keyword><keyword>commercial or financial relationships that could be construed as a poten-

tial</keyword><keyword>conflict of interest.</keyword></keywords><dates><year>2022</year></dates><isbn>1663-9812 (Print, and it 

has the most linked articles in the cluster mapping of literature co-citation network. Several preclinical studies have shown that it has potent 

anticancer action[55]. For example, WFA, for example, reduced tumor growth in 80% of ovarian epithelial carcinomas when combined with 

cisplatin[56]. The combination of phytochemicals and chemotherapeutic drugs, which ranked second in the cluster mapping, has long been 

used to reverse MDR and chemotherapeutic sensitization. Teng et al. (2016) revealed that β-carotene inhibited P-gp transcription by stimu-

lating ATPase activity in a variety of drug-resistant tumor cells and improved doxorubicin, paclitaxel, and mitoxantrone chemosensitivity[57]. 

Allicin and 5-FU can exert a synergistic effect in a variety of cancers, including lung, liver, and colorectal cancers, promoting tumor cell mor-

phology transformation and inhibiting tumor cell invasion and migration[58]. After 2015. New approaches to tumor therapy are made possible 

by the quick development of materials chemistry. In 2017, Javid et al. created Nanoparticles made from PLGA/PEG copolymers for the first 

time to construct nanoparticles with a combination of Curcumin and Chrysin, which successfully reduced hTERT expression, sped up the in-

hibition of caco-2 cells, and lessened harmful side effects[59].

Table 5 shows that the research interest in oncology-related phytochemicals from 2021-2023 is focused on drug development based 

on naturally derived phytochemicals[60], computer model assessment of pharmacokinetics and drug similarities[19], and clinical application 

of phytochemicals in cancer therapy[20]. Surprisingly, these topics are extremely similar to the research base and the drugability and clinical 

translation may become a central topic for future research.

Limitation

Since we used the WOSCC database to gather all the data for this research, it’s possible that we left out certain articles. Additionally, 

our analysis only included English-language articles, some non-English writing, reviews, and other kinds of studies were omitted. Due to 

word count restrictions, there are only a limit number of graphs and Tables that can be provided in the bibliometric analysis.

4. Conclusion

In oncology, phytochemicals have important research value and clinical application potential. Since 2012, the NP and the average 

annual citations have been rising quickly, peaking in 2012, which has drawn significant interest from academics and institutions all around 

the world. Although China has the greatest NP and TC in the world, there is still room to improve international collaborations. The closest 

collaborations are between Saudi Arabia and Egypt, with Saudi Arabia having the most publications written with authors of other nationali-

ties. The author with the most scientific contributions is LI Y, whereas Prof. RH Liu has the most local citations. The journal with the great-

est H-index and most referenced articles was Food Chemistry, however Molecules had the most papers published in it. Chemoprevention, 

anti-tumor mechanisms, and clinical applications are the key topics of interest in the development of phytochemicals related to tumors. We 

should combine computational and materials chemistry approaches with fundamental research in the future to promote additional therapeutic 

applications of anti-tumor phytochemicals.
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Abstract: Objective: To observe the clinical effect of endoscopic nasal dilatation in the treatment of chronic hypertrophic rhinitis. Methods: 

A total of 100 patients who received treatment in the Department of Otolaryngology of our hospital from January 2019 to January 2021 were 

selected as the study subjects. Patients were divided into a control group and an experimental group using the method of numerical random 

allocation. There are 50 patients in each group. Patients in the control group were treated with medication, while patients in the experimental 

group were treated with endoscopic nasal dilatation. Compare the differences in the efficacy, nasal congestion symptoms, and nasal resistance 

between the two groups of patients after treatment. Results The total effective rate of treatment in the experimental group (98.00%) was high-

er than that in the control group (69.00%), with a statistically significant difference (P<0.05); The visual analogue scale (VAS) scores, nasal 

resistance, and nasal endoscopy scores of the two groups of patients after treatment were lower than those before treatment, and the VAS 

scores, nasal resistance, and nasal endoscopy scores of the experimental group were lower than those of the control group after treatment, 

with a statistically significant difference (P<0.05); There was no statistically significant difference in the total incidence of complications be-

tween the two groups (P>0.05). Conclusion The treatment of chronic hypertrophic rhinitis with endoscopic nasal dilatation can achieve good 

results.

Keywords: Endoscopic Nasal Dilatation; Chronic Hypertrophic Rhinitis; Effect Analysis

1. Data and Methods

1.1 General information

A total of 100 patients with chronic hypertrophic rhinitis who were treated in the Department of Otolaryngology of our hospital from 

January 2019 to January 2021 were selected as the study subjects. The patients were divided into a control group and an experimental group 

based on a digital random allocation method, with 50 patients in each group. Inclusion criteria: Patients identified as having symptoms of 

nasal congestion and other diseases, underwent nasal cavity examination, and found that the surface of the nasal mucosa was uneven, thick, 

and mulberry shaped. The patients understood the experimental content and voluntarily accepted the study. Exclusion criteria: Patients who 

have received nasal surgery and are accompanied by intellectual and mental disorders, as well as patients with other major diseases, refuse to 

cooperate with this researcher. In the experimental group, there were 32 males and 18 females; Age: 19-69 years old, with an average age of 

(35.12 ± 3.25) years; The course of disease ranged from 1 to 7 years, with an average of (4.03 ± 0.12) years. In the control group, there were 

23 males and 27 females; Age: 17-68 years old, with an average age of (38.12 ± 3.26) years; The course of disease ranged from 1 to 8 years, 

with an average of (4.20 ± 0.53) years. Compared with the general data of the two groups of patients, the difference was not statistically sig-

nificant (P>0.05) and was comparable. This study has been approved by the Hospital Medical Ethics Committee.

1.2 Method

The patients in the control group were treated with a mixture of Xiaozhiling and procaine in a ratio of 1:1. During treatment, the pa-

tients were injected bilaterally at the same time, with a dose of 2ml per side for 7 days each time. Three times were used as a course of treat-

ment, and a total of 2 courses of treatment were implemented.

Patients in the experimental group were treated with endoscopic nasal cavity dilatation.
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The external fixation of the inferior turbinate is performed using a nasal endoscope (0 °), a cutting suction device, and the patient’s 

inferior turbinate mucosa is planed to reduce the hypertrophy of the inferior turbinate, thereby achieving the effect of volume expansion. If 

the patient has hyperosteogeny of the inferior turbinate, the submucosal portion of the bone is removed. After inferior turbinate surgery, the 

patient’s posterior nostrils should be fully exposed and the total nasal tract width ≥ 5mm. During the reduction of the inferior turbinate, try to 

preserve the relevant integrity of the mucosa of the turbinate.

During nasal septoplasty and nasal septum three line tension reduction surgery, try to preserve the relevant supporting effects of carti-

lage and bone scaffolds, and process the relevant curves that exhibit abnormal tension during growth (which can lead to deviation of the nasal 

septum), so as to restore the biomechanical effects of the nasal septum. If the patient has a simple spinous process of the nasal septum, an 

incision should be made in front of the deviation, and the deviation spinous process should be removed without suturing the incision.

Internal fixation of the middle turbinate Under endoscope, the root of the patient’s middle turbinate is peeled off, pressed inward for 

displacement, and an expanded sponge is filled in the patient’s middle nasal meatus to promote the expansion of the middle nasal meatus. Af-

ter middle turbinate surgery, ensure that the distance between the lateral wall of the patient’s nasal cavity and the lower edge of the turbinate 

is ≥ 5mm.

Treatment of uncinate process and ethmoidal vesicle If a patient with chronic hypertrophic rhinitis has uncinate process and ethmoidal 

vesicle, the uncinate process should be removed and the ethmoidal vesicle should be opened to widen the middle nasal tract, thereby promot-

ing the increase in the relevant ventilation area of the nasal cavity.

After the surgery is completed, an inflatable sponge is used for tamponade, and antibiotic intervention is routinely performed to prevent 

infection. After 48 to 72 hours, the tamponade is removed, and nasal irrigation is performed 2 weeks later.

1.3 Observation indicators and evaluation criteria

To observe and analyze the treatment effects of two groups of patients with chronic hypertrophic rhinitis, and compare the differences 

in nasal congestion symptoms, nasal resistance, and nasal endoscopy scores between the two groups before and after treatment, while analyz-

ing the occurrence of complications in the two groups.

Treatment effect: The nasal cavity is well ventilated, and the middle turbinate can be seen. The distance between the lower turbinate 

and the nasal floor and septum is ≥ 5mm, which is a significant effect; The nasal ventilation has improved, and it can be seen that the middle 

turbinate is effective if the distance between its lower turbinate and the nasal floor and septum is less than 5mm; Compared with before treat-

ment, the nasal ventilation and physical signs of the patient have no significant changes, which is considered invalid. Total effective rate of 

treatment= (significant+ effective) cases/total cases × 100%. 

1.4 Statistical methods

SPSS21.0 statistical software was used to analyze the data. The measurement data were expressed as mean ± standard deviation (x ± s), 

using t-test, and the counting data were expressed as rate (%), using χ In the 2-test, the difference was statistically significant with P<0.05.

2. Results

2.1	Comparison	of	total	treatment	effectiveness	between	two	groups	of	patients

The total effective rate of treatment in the experimental group (98.00%) was higher than that in the control group (69.00%), with a sta-

tistically significant difference (P<0.05).

2.2 Comparison of VAS scores, nasal resistance, and nasal endoscopy scores between the two groups of patients 
before and after treatment

There was no statistically significant difference in VAS score, nasal resistance, and endoscopic score between the two groups before 

treatment (P>0.05); The VAS score, nasal resistance, and nasal endoscopy score of the two groups after treatment were lower than those 
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before treatment, and the VAS score, nasal resistance, and nasal endoscopy score of the experimental group after treatment were lower than 

those of the control group, with a statistically significant difference (P<0.05).

3. Discussion

Chronic hypertrophic rhinitis is one of the most common clinical diseases. In clinical treatment, the common treatment method is drug 

treatment. In order to ensure the treatment effect, most patients currently choose to receive surgical treatment, and different treatment meth-

ods have differences in treatment efficacy. The traditional surgical treatment for chronic hypertrophic rhinitis used to be to cut a portion of 

the patient’s inferior turbinate, which is simple and can damage the integrity of the patient’s inferior turbinate mucosa, thereby affecting the 

physiological function of the nasal cavity. “Nasal cavity expansion surgery, including external fixation of inferior turbinate, internal fixation 

of middle turbinate, and three line tension reduction plasty of nasal septum, can remove the lesion according to the specific disease situation 

of the patient, better preserve the normal structure, anatomy, and function of the patient’s nasal cavity, effectively expand the nasal sinus and 

nasal cavity, improve ventilation volume, reduce ventilation resistance in the patient’s nasal cavity, and alleviate symptoms such as upper air-

way obstruction.”

For small nasal septal nodules in the nasal cavity, treatment may not be required. If the nodules are large, equal interventions such as 

cutting, suction, and planing may be implemented. The middle turbinate is the main site through which gas is inhaled, and its size and shape 

can directly affect the relative patency of the middle nasal tract. If the middle turbinate is inverted and bubbly, it can cause compression and 

obstruction of the middle nasal tract. However, the implementation of middle turbinate internal displacement and fixation intervention can 

solve the above problems, which can maximize the preservation of the mucosa on the outside and inside of the patient’s middle turbinate, and 

the operation is simple to avoid affecting the patient’s sense of smell, And there will be no postoperative adhesion. After surgery, it should be 

ensured that the distance between the lateral wall of the patient’s nasal cavity and the lower edge of the middle turbinate is ≥ 5mm, and the 

middle nasal tract with physiological curvature should be widened. If the patients with chronic hypertrophic rhinitis have severe middle turbi-

nate reflexes and vesicular middle turbinates, they can undergo middle turbinate plasty intervention. It is worth noting that during the surgery, 

it is necessary to ensure the symmetry of the physiological functions of both sides of the patient’s nasal cavity to avoid the occurrence of 

compensatory hypertrophy caused by asymmetric expansion.

4. Summary

In summary, the application of endoscopic nasal dilatation in the treatment of patients with chronic hypertrophic rhinitis can achieve 

better results, which can better improve the nasal congestion symptoms of patients, reduce their nasal resistance, and improve the prognosis 

of patients with chronic hypertrophic rhinitis. The application value is high, and it is worth promoting and applying.
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Effects	of	Ginsenosides	on	Cardiomyocytes	and	NF	in	Type	2	
Diabetes	Rats-	κ	B	Expression
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Abstract: Objective: To explore the clinical medicinal value of ginsenosides. Methods: 24 male type 2 diabetes rats aged 7 weeks were taken 

as the research object, and the myocardial cell morphology, inflammatory factor content and NF in each group were observed by grouping 

them with different doses- κ B expression. Result: The swelling degree of cells in the CP+Rg50 group was alleviated most significantly, 

with a significant reduction in deep staining of the nucleus, a significant reduction in cell shrinkage, and a basic trend towards normal cell 

morphology. Meanwhile, compared to the control group, the CP+Rg50 and CP+Rg25 groups showed significant differences in IL-1 levels 

β/ IL-6, TNF- α It also significantly decreased horizontally (P<0.05); NF of CP+Rg25 Group and CP+Rg50 Group- κ The expression level 

of B protein was also lower than that of CPCG Group (P=0.02) and close to that of NCG Group (P>0.05). Conclusion: Ginsenoside Rg1 has 

significant effects in the treatment of cardiomyopathy and is worth promoting in clinical practice.

Keywords: Ginsenoside Rg1; Type 2 Diabetes Rats; Myocardial Cells; NF- κ B

1. Introduction

The main pharmacological active ingredients of ginsenosides include ginsenoside Rg1, ginsenoside RH2, Rg3, and ginsenoside G-Rg3. 

Among them, ginsenosides RH2, Rg3, and PDL1 have significant effects in the mechanism of action in gastric cancer, while Rg3 treatment 

can regulate the expression of matrix metalloproteinase-2 (MMP-2) and MMP-9 and inhibit the expression of epithelial mesenchymal tran-

sition (EMT) related transcription factors, which has a significant effect on inhibiting the migration and invasion activity of nasopharyngeal 

carcinoma (NPC) cells.

In addition, some studies have pointed out that ginsenoside Rg1 may also inhibit tumor cell proliferation and induce tumor cell apop-

tosis by regulating pathways and immune functions, possessing good anti-tumor ability and broad clinical application prospects. In order to 

further explore the effect of ginsenoside on cardiomyocytes, this paper will take type 2 diabetes rats as an example to study it and explore the 

transcription factor NF- κ The expression of B.

2. Materials and Methods

2.1 Research materials

Twenty four male type 2 diabetes rats aged 7 weeks were used in the experiment. These animals do not have specific pathogens and are 

kept in separate cages, each containing six mice. The environmental conditions, including temperature, relative humidity, and light/dark cy-

cle, all comply with standard procedures. Domesticate the rats for a week and provide standard rat food and water at will. The program used 

in this experiment was approved by the Animal Ethics Committee of the School of Basic Medicine, Guangxi Medical University. In addition, 

strict adherence to the guidelines of the National Institutes of Health’s “Guidelines for the Care and Use of Experimental Animals” (NIH 

Publication No. 8023, revised in 1978).

2.2 Experimental Plan

All animals were divided into the following groups: normal control group (NCG), model group (CPCG), low-dose ginsenoside group 

(CP+Rg25), and high-dose ginsenoside group (CP+Rg50). Rats in the NCG and CPCG groups were given 5% Tween 80 daily for 5 weeks. 

At the same time, rats in the Rg25+CP group and Rg50+CP group were given 25 and 50mg/kg of ginsenoside, respectively, for 5 weeks. 
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Starting from the second week of treatment, all rats, except for the NCG group, received weekly intraperitoneal injection of CP (100mg/kg) 

for 4 weeks. An overview of the experimental design is shown in Figure 1. The CP and Rg concentrations used in this study were based on 

early studies. At the end of the experiment, all rats were anesthetized with thiopental sodium and blood was collected directly through cardiac 

puncture. The serum obtained from whole blood after centrifugation is used to analyze the levels of cardiac natriuretic peptide in heart tissue.

After euthanasia, the rat heart tissue was dissected, washed with distilled water, and weighed. Afterwards, the heart tissue was homoge-

nized in phosphate buffered saline (pH7.4) at 6000rpm at 4 ℃ for 30 minutes, and the supernatant collected after centrifugation was stored at 

-80 ℃ until further analysis.

2.3 Organizational analysis

H&E staining was performed on fixed heart tissue with 10% buffered monomerrin. The heart tissue is dehydrated in a graded alcohol 

solution and waxed with paraffin. The staining procedure follows the standard H&E staining scheme.

2.4	Detection	of	inflammatory	factor	content	in	myocardial	tissue

Approximately 50mg of myocardial tissue was taken from each rat and prepared into a 10% homogenate at 3000r/min, centrifuged at 

4 ℃ for 10 minutes. The supernatant was collected and detected for interleukin-1 in the supernatant using an ELISA kit β (IL-1 β)\ Interleu-

kin-6 (IL-6) and tumor necrosis factor- α (TNF- α) Content. Measure the OD value using an enzyme-linked immunosorbent assay (Thermo 

Fisher Scientific China) at 450nm. To ensure quality, all the above experimental processes need to be repeated 3 times.

2.5 Statistical Analysis

Analyze the data using one-way AVONA and Newman Keuls post test using Graph Pad Prism (5th edition). The results are displayed 

as mean ± standard deviation. P<0.05 is statistically significant

3. Results

3.1 Comparison of cell morphology of myocardial tissue in each group

By using an optical microscope to observe the collected samples, the results are shown in Figure 1:

Figure 1 Comparison of the morphology of myocardial tissue cells in each group

As shown in the above figure, the morphology of myocardial tissue cells in the NCG group (Figure a) was normal, arranged neatly, 

with intact cell nuclear membranes and clearly visible nucleoli, without obvious nuclear pyknosis; In the CPCG group (Figure b), the cell 

volume of myocardial tissue in rats was significantly reduced, with obvious nuclear pyknosis and deep staining. Cell edema was evident, and 

there was significant cell infiltration in the intercellular space, with obvious necrotic cells visible; The edema status of myocardial tissue cells 

in the CP+Rg25 group (Figure c) and CP+Rg50 group (Figure d) of rats was improved compared to the CPCG group, and the edema status of 

cells showed varying degrees of reduction. Among them, the swelling degree of cells in the CP+Rg50 group was alleviated most significantly, 

with a significant reduction in nuclear staining, a significant reduction in cell shrinkage, and a basic trend towards normal cell morphology.

3.2	Comparison	of	inflammatory	factor	content	in	myocardial	tissue	of	each	group

As shown in Table 1, compared with the NCG group, the CPCG group, CP+Rg25 group, and CP+Rg50 group showed significant dif-
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ferences in IL-1 β、 IL-6, TNF- α The levels were significantly elevated, and the differences were statistically significant (P<0.05).

Table 1 Comparison of inflammatory factor content in myocardial tissue of rats in each group

Group IL-1β IL-6 TNF-α

NCG Group(n=6) 0.64±0.17 13.78±2.45 4.36±0.09

CPCG Group(n=6) 7.98±0.28 ① 283.52±20.56 ① 86.24±3.51 ①

CP+Rg25 Group(n=6) 6.31±0.41 ①② 220.85±15.76 ①② 63.55±3.40 ①②

CP+Rg50 Group(n=6) 4.26±0.53 ①②③ 114.39±15.12 ①②③ 36.51±4.25 ①②③

Note: P<0.05, statistically significant. ① Compared to NCG Group, ② compared to CPCG Group, and ③ compared to CP+Rg25 

Group.

Based on the above table, it can be seen that compared with the CPCG group, the CP+Rg25 group and the CP+Rg50 group have IL-1 β、 

IL-6, TNF- α The level has significantly decreased. P<0.05 indicates statistical significance. Meanwhile, compared with the CP+Rg50 group 

and the CP+Rg25 group, in IL-1 β、 IL-6, TNF- α There is also a significant decrease in level. P<0.05 indicates statistical significance.

3.3	NF	of	myocardial	tissue	in	each	group-	κ	B	expression

As shown in Figure 2, the NF of CPCG Group- κ The expression level of B protein is significantly higher than that of NCG Group, 

while the NF of CP+Rg25 Group and CP+Rg50 Group is significantly higher- κ The expression level of B protein was also lower than that of 

CPCG Group (P=0.02) and close to that of NCG Group (P>0.05).

Figure 2 NF of myocardial tissue in each group- κ B expression

4. Conclusion

Ginsenoside, as a multi ion channel blocker, can reduce the self-discipline of damaged myocardium, reduce the formation and conduc-

tion of abnormal impulses, and play an anti arrhythmic role. This article takes rats as an example, and studies have shown that ginsenosides 

can alleviate cell damage caused by hypoxia and reoxygenation. The reason for this is the occurrence of myocardial ischemia-reperfusion 

injury, which is essentially caused by deficiency of qi and blood, deficiency of blood vessels, inability to nourish the myocardium, causing 

myocardial damage, chest pain, palpitations, and other symptoms. The research results of this article are similar to previous theories. Based 

on this, it is concluded that ginsenoside Rg1 has the effect of restoring qi and blood, promoting myocardial regulatory ability, maintaining 

normal blood and myocardial function, and reducing myocardial damage in clinical practice. Therefore, it is worth promoting in clinical prac-

tice.
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Abstract: Celiac disease, wheat and gluten allergies, and non-celiac gluten sensitivity are the three types of conditions belonging to gluten-re-

lated disorders. While already a popularly known issue in developed countries, both medical professionals and the general populace in China 

lack basic knowledge of gluten-related disorders. However, previous studies have found that gluten-related disorders are possibly pervasive 

in China. This study targets the rural areas of Yushe, Shanxi, where wheat-based foods are the main staple. It confirms the relationship be-

tween gastric disease occurrences and nut-and-grain allergies through a logistic regression model, with wheat and gluten being the most 

dominant foods in the local diet under this category. Therefore, gluten disorders may actually have the greatest impact on gastric diseases in 

villagers. Well-designed prospective studies are needed to establish the causality between gluten-related disorder and gastric disease.

Keywords: Gluten-Related Disorder; Wheat and Gluten Allergy; Gastric Disease; China

1. Introduction

1.1 Research Background

A county in northeastern China, Yushe, Shanxi, has a population of around 35 million, with an area of about 60,500 square miles, of 

which 80% are mountains and hills. The area is located inland in the mid-latitude zone and has a temperate continental monsoon climate 

(Shanxi Provincial Bureau of Statistics 2023). From various noodles to buns and dumplings, foods made from wheat flour constitutes a major 

part of the local diet (Wank 2015).

During on-site visits, a high prevalence of gastric diseases was found among the villagers living in the area. 8 out of 10 households 

have at least one member who suffers from chronic stomachache, bloating, or nausea. Moreover, people die of stomach cancer every year. 

Based on their symptoms and dietary habits, we suspect that gluten-related disorders coupled with continuous gluten intake could be associ-

ated with their gastric diseases. 

1.2 Literature Review

Gluten-related disorders, including celiac disease, wheat and gluten allergies, and non-celiac gluten sensitivity, are emerging as a pro-

gressively prevalent issue, what once believed to be relatively rare is now estimated to affect nearly 10% of the population (Sapone et al. 

2012). It incurs a range of symptoms, with digestive symptoms being the most prominent, and if left uncured, could even result in cancer in 

the most extreme of cases (Catassi, Italo Bearzi, and Holmes 2005).

While gluten-related disorders have garnered significant attention in developed nations such as the United States, Canada, and various 

European countries, there exists a notable dearth of knowledge and awareness regarding these conditions among both medical professionals 

and the general populace in China (NPD Group 2013).

Small sample studies find that amongst Chinese adults and children with chronic diarrhea, the presence of celiac disease-related an-

tibodies ranges from 1.77% to 12% (Wang et al. 2011). Examining 1,952 patients with severe allergic reactions, another study shows that 

wheat is the primary food factor causing anaphylactic shock in Chinese people (Jiang et al. 2016). Furthermore, there is a noteworthy prev-

alence of irritable bowel syndrome in China, ranging from 4.4% to 11.8% (Zhang et al. 2014). Given its frequent misdiagnosis alongside 

gluten sensitivity, and considering wheat’s status as China’s second largest staple, it is plausible that China may have a substantial population 
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with gluten sensitivity (Rubio–Tapia et al. 2009).

1.3	Significance

This study contributes to the literature in two ways. First, there are currently close to none existing academic papers on gluten-related 

disorders in China, and none looks at the correlation between gastric disease and gluten-related disorders. This paper therefore presents new 

findings, offering unique insight into gluten-related disorders in China.

Secondly, by looking at the correlation between the prevalence of gluten-related disorders and incidence of gastric disease, I can pro-

pose gluten-related disorders as a possible cause for the villagers’ gastric diseases if the variables are strongly correlated or rule out the possi-

bility if the correlation is low. This will provide a foundation upon which studies on the causality between gluten-related disorders and gastric 

disease can be conducted in further depth.

The results of this investigation will bring to light the often-overlooked pervasiveness of gluten-related disorders in China, provide a 

basis for further research, and serve as a reference for policymakers pertaining public health. For these reasons, this investigation is worth 

conducting.

2. Objects and Methods

2.1 Questionnaire

In July 2023, a random sample of 150 survey respondents was selected from the villages of Nanhedi and Xihe, both situated within 

Yushe County. Yushe County is situated within Jinzhong City, Shanxi Province, which was chosen as the study’s research site. This investiga-

tion distributed a total of 150 questionnaires, of which 127 were collected, with 119 valid responses, resulting in a 93.7% response rate.

The investigation was conducted with responses obtained through random sampling of the self-designed questionnaire “Shanxi Gastric 

Disease and Chronic Food Allergy Survey Questionnaire”. The survey consisted of 15 questions, comprising 11 single-choice and 4 multi-

ple-choice questions. These questions encompassed various aspects including respondents’ demographic information (gender and age), die-

tary habits, gastric disease conditions (symptoms, onset time, severity), and their level of awareness regarding food allergies. The collected 

survey data was inputted into Microsoft Forms and subsequently verified. Descriptive analysis of the questionnaire was then carried out using 

Microsoft Excel.

2.2	Food-Specific	IgG	Antibody	Assessment

A test was conducted on the total immunoglobulin G (IgG) antibodies of the villagers using finger-tip blood samples from 37 random 

villagers at the Nanhedi and Xihe villages. Proteins from 22 different food items, including wheat and gluten, were used in the test, revealing 

the test subjects’ immune response towards the foods. In other words, this test tests for non-celiac wheat and gluten sensitivity amongst the 

villagers at Yushe County, Shanxi Province. We obtained finger-tip blood samples from villagers, utilizing a testing kit, and forwarded them 

to a Shanghai-based laboratory within the CTI Testing Group for analysis.

2.3 On-site Interviews

On-site interviews were also conducted, in which we communicated directly with villagers to understand their dietary habits, symp-

toms, and coping attitudes towards gastric disease as well as reasons behind them. 

3. Results and Discussion

3.1 Gastric Disease

Of the respondents surveyed, 49 are male (41%), 70 are female (59%); the number of people with ages 20 or below, 21 to 40, 41 to 60, 
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and 61 or above are 0, 6, 31, and 82 respectively; most of the respondents are at ages 61 or above, with 42 (35%) who is from 61 to 70, and 

31 (26%) who is from 71 to 80. 

Results show that 84 (71%) of the resident villagers of the two villages studied have experienced chronic gastric discomfort. Among 

them, 1 person (1%) finds their symptoms neglectable, 41 people (49%) rated them as mild, 17 (20%) as moderate, 22 (26%) as somewhat 

severe, and 3 (4%) as severe. 

According to those surveyed, 31 exhibit bloating, 53 experience stomachache, 37 show nausea, 3 suffers from diarrhea, 51 display 

indigestion, 10 report constipation, and 23 exhibit vomiting. It can be seen that stomachache and indigestion are notably common among the 

symptoms.

3.2 Gluten Disorder

Apart from symptoms of gastric disease, results from the survey also revealed that the majority of the villagers (62%) have experienced 

headache and dizziness, a common symptom of wheat and gluten sensitivity. In addition, 2 have experienced rhinitis and regular sneezes, 2 

have experienced itchiness and rashes.

From the food-specific IgG antibody assessment, a combined total of 14 out of the 37 (38%) tested villagers are found to be sensitive 

to wheat and gluten, with 10 sensitive to wheat and 4 sensitive specifically to gluten. Of those with wheat sensitivity, 8 are mild and 2 are 

moderate, and of those with gluten sensitivity, 2 are mild and 2 are moderate.

Among the 14 people with wheat and gluten sensitivity, 14 (100%) have reported to having chronic gastric symptoms. The number of 

people experiencing indigestion, headache/dizziness, bloating, stomachache, nausea, and vomiting are 8, 8, 3, 5, 3, and 3 respectively.

3.3 Relationship Between Gastric Disease and Food Allergy

In order to further analyze whether gastric diseases in villagers are related to food allergies, this study used 37 villagers who underwent 

antibody testing as research samples to establish a logistic regression model for validation. Logistic regression analysis requires a sample size 

of 10 times the number of independent variables. In this model, the independent variable is various types of food allergies (such as nut and 

grain food allergies, egg milk food allergies, seafood food allergies, etc.), and the dependent variable is whether the residents have gastric 

diseases.

Firstly, assign the dependent variable Y of logistic regression to 0 and 1, where 0 represents no symptoms of gastric disease and 1 rep-

resents symptoms of gastric disease.

The independent variables X of logistic regression are also assigned values of 0 and 1, where 0 indicates that villagers are not allergic 

to this type of food and 1 indicates that villagers are allergic to this type of food.

We establish a logistic regression model as follows:

Firstly, describe the distribution of dependent variables in the sample (Table 1) : 70.27% of villagers suffer from gastric diseases, and 

29.73% of villagers have no symptoms of gastric diseases.

The model evaluation results(Table 2)  show that the Likelihood-ratio chi-square test results of the model show a significance P-value 

of 0.011 * * , showing significance at the horizontal level, rejecting the original hypothesis, thus the model is effective.

Table 1 Distribution of dependent variables

Y Option Frequency percentage (%)

Suffering from gastric diseases

Yes 26 70.27

No 11 29.73

Total 37 100



2023 ǀ Volume 12 ǀ Issue 4  -99-

Table 2 Model evaluation results

Likelihood-ratio chi-square P AIC BIC

28.457 0.011** 42.457 53.733

Note: * * *, * *, * represent significance levels of 1%, 5%, and 10%, respectively

The results of binary logistic regression show that:

The significance P-value of Nuts & grains is 0.060 *, showing significant significance at the level. Therefore, nuts and grains allergies 

will have a significant impact on patients with gastric diseases.

The significance P value of other food all more than 0.1, which is not significant at the level, so other food will not have a significant 

impact on patients with gastric diseases.

Table 3 Logistic regression results

Experimental 
group=is Error Wald P OR

95% confidence interval of OR value

upper limit lower limit

-0.479 0.522 0.843 0.359 0.619 0.222 1.723

Nuts & grains 2.546 1.356 3.526 0.060* 12.751 0.894 181.787

Meat 23.518 82263.125 0 1.000 16356527437.254 0 -

Seafood -0.29 292547.699 0 1.000 0.749 0 -

Egg & milk 23.599 45276.976 0 1.000 17744477233.402 0 -

Vegetable -1.152 1.891 0.371 0.542 0.316 0.008 12.865

Fruit 1.641 1.689 0.945 0.331 5.162 0.189 141.307

Dependent variable: Suffering from gastric disease

Note: * * *, * *, * represent significance levels of 1%, 5%, and 10%, respectively

In summary, there is a significant correlation between gastric diseases and chronic food allergies among residents in Yushe County, 

Shanxi Province. Especially, allergies to nuts and grains have a real and significant impact on residents suffering from gastric diseases (p=0.060 

*). Among them, gluten food such as wheat, as a staple food in the daily lives of local residents, cannot be underestimated in their impact on 

gastric diseases.

4. Cause Analysis

4.1 Dietary Habits

Residents of Yushe County, Shanxi Province have been eating foods made from wheat flour for generations. The iconic Daoxiaomian, 

Youmian Jin, and Shuijiao are just examples. According to “Shanxi Gastric Disease and Chronic Food Allergy Survey Questionnaire”, 107 

out of 119 people eat millet gruel, 108 eat various noodles or other food made from wheat flour, and 89 eat buns every day, showing that 

wheat flour constitutes a major part of people’s diet at Yushe. The reasons behind such a diet encompass a wide spectrum: traditional, geo-

graphic, and economic factors.

The people in Shanxi have a recorded two thousand years of history of wheat foods. In fact, it is known as “The Root of World Noo-

dles”, with origins tracing back to the dawn of the Ancient Chinese civilization (Tang et al. 2018). With generations of exposure and con-

sumption of wheat foods, people at Shanxi have become accustomed to and dependent on eating wheat foods.

As an area located in northeastern China, Shanxi Province mainly produces wheat, maize etc., as staple crops, while economic crops 

include ginseng, hemp, apples, walnuts, persimmons, peppers, cotton, soybeans, ferns, etc. (Shanxi Provincial Bureau of Statistics 2023).

Due to its location, Shanxi has a more arid climate compared to southern provinces, with an average yearly rainfall of about 508.8 mm 

(Shanxi Provincial Bureau of Statistics 2023). In contrast, the province with the highest rice output, Sichuan, has an average yearly rainfall of 

1070.5 mm, which is more than double the rainfall at Shanxi (The People’s Government of Sichuan Province 2020). As a result, the average 

rice output for Sichuan has exceeded 14 million tons since 2013 (Xu, Wu, and Ge 2018), while only slightly over 2000 tons for Shanxi (Shanxi 
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Provincial Bureau of Statistics 2023). 

Moreover, as 80% of the land in Shanxi are mountains and hills (Shanxi Provincial Bureau of Statistics 2023), transportation is diffi-

cult, low in efficiency, and costly. Considering these factors, therefore, the price for rice in Shanxi is notably higher than that of wheat flour, 

with an average of 6.43 RMB per kilogram and 5.06 RMB per kilogram for rice and wheat respectively (Shanxi Economic Daily 2023). Thus, 

the economically poor villagers would opt for wheat and not its immediate substitute rice, resulting in a diet comprised mainly of wheat flour.

4.2 Wheat Foods as a Main Staple

From 3.3 it can be observed that the significance P-value for the Nuts & grains category is 0.060*, while it is 1.000, 1.000, 0.542, and 

0.331 for Meat, Seafood, Egg & milk, Vegetable, and Fruit respectively. This indicates that while there is a high correlation between gastric 

disease and chronic food allergies among residents in the Yushe County, allergies to nuts and grains specifically have a real and significant 

impact.

Wheat foods are the main staple of Shanxi, and it is a major part of the local diet. Of the 119 survey samples collected, 108 (over 90%) 

include wheat-based foods in their thrice-daily meals. This makes wheat foods far more common than corn, the second most consumed grain 

under the category, which only 68 (57%) of the respondents reported eating every day.  Therefore, the effect of wheat and gluten allergies on 

the villagers’ gastric symptoms may in fact be the most significant.

A possible explanation for the results obtained in 3.3 is the leaky gut syndrome, in which a weakening of the intestinal walls allows 

partially digested food to enter the bloodstream. consistent ingestion of high quantities of gluten protein elicits inflammation, worsening 

leaky gut and thus causing autoimmune responses on a wider range of food molecules, making villagers allergic to a variety of other foods 

like soy, potatoes, pineapples, milk, edamame, spinach etc. (Giacomo Caio et al. 2020). The fact that these foods are rarely, if ever consumed 

by residents at the remote villagers of Yushe, Shanxi, coupled with the sheer diversity of the allergens makes the first notion reasonable.

4.3 Cognitive Level

While it is undeniable that education overall has become more accessible in recent years, people at Yushe still lacked the level of cog-

nition that allows them to know the concept of gluten and associated gluten disorders. 

From survey results, it can be seen that 90 out of 119 respondents (76%) were not aware of food intolerance, and of those 29 (24%) 

who knew of some cases of food intolerance, none knew about the possibility of being intolerant to wheat or gluten. At the same time, 0 re-

ported to knowing many people with food intolerance, demonstrating that food intolerance alone mostly remains an unknown concept, not to 

mention wheat and gluten intolerance.

Responses to the survey reveals that 33 (35%) people believe that their gastric symptoms are caused by stomach cold, 23 (24%) people 

think of eating spoiled food, and only 3 (3%) believe the reason to be food intolerance. These responses show that people still tend to resort 

to traditional and stereotypical causes for gastric disease.

However, 35 (37%) people have noted that they feel like “other” factors have contributed to their gastric symptoms. This might imply 

that some people have already begun to have the notion that their gastric symptoms cannot simply be explained by stomach cold and eating 

spoiled food.

4.4 Coping Attitude

Interviews revealed that in response to their gastric symptoms, villagers often do not visit the hospital, which, according to them, is due 

to a lack of financial ability. Villagers are not clear on the coverage which their medical insurance provides, and when they consult medical 

staff at local hospitals, the staff would respond saying that they do not know as well. Another reason for not visiting the hospital is that when 

they were younger, they believed their symptoms to be neglectable and nothing major.

However, as time passes by, symptoms intensify in severity, and diseases develop further. When the symptoms become unbearable, 

they would take their last resort: to visit the hospital. Often times diseases have developed to a point where it is incurable. At this point, simi-
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larly, villagers will refuse to receive treatment, as the expenses are entirely unaffordable.

Many tragedies resulted, including a mother telling me of her daughter who passed away at 45 years old because of stomach cancer, 

which is a severe extreme of gastric diseases. According to the villagers, three brothers also passed out one by one from stomach cancer, and 

these are mere examples of the great many who died from the disease.

To sum up, their lack of financial ability resulted in their reluctance in visiting the hospital, which caused a passive coping attitude, 

which caused diseases and conditions to worsen. In addition, the medical insurance system is not entirely mature, and its coverage not suffi-

ciently transparent, so that villagers would often spend more money at hospitals than what is affordable.

5. Conclusion and Suggestions

The study was designed to explore the relationship between gastric disease and chronic food allergies. The logistic regression model 

found that there was a high positive correlation between chronic food allergies and gastric disease occurrences, with nut-and-grain allergies 

being the most significant. Due to the dominance of gluten foods in the local diet, wheat and gluten allergy, a type of gluten disorder, may ac-

tually have the greatest impact on gastric diseases in villagers. Moreover, this study speculates that gluten disorders may be the root cause of 

other food allergies, but the accuracy of this speculation needs to be further confirmed in the future.

Based on results of this study, it is suggested that there should be more advertisement and public education on gluten disorders, and 

accessibility for gluten allergy tests should be promoted. Improvement in these two aspects could potentially enhance public health and well-

being, increasing overall social welfare. 

Future studies on the topic could focus on the causality between gluten disorder and gastric disease, as this study merely looks at the 

correlation between the variables.
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Abstract: There is no direct anatomical relationship between the brain and the gut, but there is a close correlation in clinical manifestations, 

which is called “brain-gut axis”. With the breakthroughs made in the treatment of Parkinson’s disease, depression, Alzheimer’s disease and 

other fields based on the brain-gut axis theory, more and more studies have been conducted on the mechanism of brain-gut axis. The current 

research status mainly defines the basic concept of brain-gut axis from the perspective of traditional Chinese and western medicine, expounds 

and analyzes the related mechanism and modern clinical application of brain-gut axis. Therefore, the following review summarizes the under-

standing and research progress of “brain-gut axis”.

Keywords: Brain-Gut Axis; Gut Microbiota; Mechanism of Action; Traditional Chinese and Western Medicine Dimensions

Introduction

The brain-gut axis (brain-gut axis) is the bidirectional communication between the enteric nervous system (ENS) and the central nerv-

ous system (CNS). In recent years, scientific studies have pointed out that intestinal dysfunction can increase the risk of central nervous sys-

tem diseases, such as neurodegenerative diseases and other mental diseases. The small intestine can not only influence brain activity by using 

microbiota, but also interact with the human brain through the nervous system, immune and endocrine pathways of the “brain-gut axis”. The 

close relationship between them has gradually attracted people’s attention. This article reviews the interaction pathways between the gut and 

the brain, mainly based on intestinal flora, so as to provide reference for revealing the nature of the “brain-gut axis”.

1. Understanding of brain-gut axis in western medicine

The brain-gut axis is composed of brain, gut and intestinal microorganisms, and is jointly participated by the central neuroendocrine 

system, enteric nervous system, autonomic nervous system and hypothalamic-pituitary-adrenal axis system [1]. The central nervous system 

modulates the signals of the brain-gut axis and transmits them down to the gastrointestinal tract to express their functions, while the enteric 

nervous system can regulate the brain-gut interaction through this bidirectional regulation process, also known as brain-gut interaction [2].

2.	Explore	the	brain-gut	interaction	pathway	based	on	intestinal	flora	from	the	perspective	of	
western medicine

An important part that makes up the brain-gut axis is the content of gut bacteria. Relevant literature reports that brain-gut interaction is 

involved in the pathogenesis of Parkinson’s disease, depression, Alzheimer’s disease and other diseases [3-5], most of which are accompanied 

by precursors such as intestinal flora imbalance, digestive system diseases, and brain-gut axis dysfunction. Moreover, studies have shown that 

intestinal flora may affect neurogenesis [6] and myelination [7], the normal function of hypothalamic-pituitary-adrenal cortex and endocrine 

system [8], and intestinal flora has a certain maintenance effect on the formation of blood-brain barrier and can promote the maturation of 

immune system [9]. Intestinal flora is mainly responsible for regulating the physiological, behavioral and cognitive functions of the brain It is 

accomplished by neural, endocrine and immune pathways.

2.1 Regulation of gut microbiota-neuroendocrine pathways

The hypothalamic-pituitary-adrenal axis jointly affects the brain, gastrointestinal nervous system and endocrine system [10]. The signal 

transmission of the stress sympathetic nerve to the enteric nervous system is the main path for the axis to directly affect various functions 
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in the stomach. Intestinal flora also has a huge negative impact on various sensory and endocrine functions in the stomach. Similarly,when 

gastrointestinal absorption function is disturbed, gastrointestinal inflammatory factors and gastrointestinal bacteria act on the axis, which will 

also affect the cognitive and behavioral functions of the brain.

2.1.1 Gut microbiota-nervous system interaction

Gut microbiota can affect the production of neurotransmitters by regulating the function of intestinal epithelial cells or directly synthe-

sizing and secreting GABA, 5-HT, Na, dopamine and other neurotransmitters. Studies have found that gut microbiota can play a role in the 

central nervous system and is closely related to 5-HT, with bilateral effects [11]. 5-HT is stimulated and regulated by abundant specific intesti-

nal flora and metabolites, binds to receptors, and participates in hypothalamic-pituitary-adrenal regulation under the action of various receptor 

subtypes, stimulating the secretion of adrenocorticotropic hormone (ACTH), cortisol and other axis regulating hormones. If the gut micro-

biota is dysregulated, neurotransmitters enter the HPA axis through the peripheral blood vessels, bind to 5-cranial nerves and receptors, and 

interfere with cortisol and CRH secretion, attenuate the activity of 5-HT neurons, leading to complete axis disorder and brain abnormalities. 

In addition, some scientists have studied that brain-produced neurotrophic factors can affect neuronal activation [12], and when intestinal flora 

changes in infectious disease models, it will change the expression of certain proteins, which will have an impact on the increase in anxiety [13].

2.1.2 Interaction between gut microbiota and endocrine system

Intestinal flora can control intestinal endocrine cells to produce adrenocorticotropic hormone releasing factor (CRF), adrenocortico-

tropic hormone (ACTH), adrenocortical corticosterone (CORT) and other hormones, activate the function of HPA axis [14], and release Glu-

cocorticoid (GC), which is involved in the growth of neurons , differentiation and apoptosis, can regulate the state of neurons and glial cells, 

and then affect the plasticity of neurons, leading to the functional changes of the central nervous system [15]. Similarly, the composition of gut 

microbiota is regulated by the stress response and the HPA axis [16]. Several studies have suggested that the activation of the HPA system and 

the release of CRF and GC may protect the gastrointestinal mucosa during chronic stress [17].

2.2 Intestinal microbiota-Immune regulation

The combination of host and cells develops for a long time to form a relatively balanced environment of the digestive tract microbi-

ome, which participates in important biological processes including host metabolites, nutrient products and immunity, especially plays a cru-

cial role in the construction and improvement of the host immune system. Relevant studies have confirmed that the intestinal flora in the host 

directly or indirectly affects the host immune system [18], and the intestinal flora promotes the development of the immune system and also 

affects the differentiation process of immune cells. The immune pathway is also one of the ways to connect the gastrointestinal tract and the 

brain through the bidirectional interaction of the brain-gut axis.

2.2.1 Intestinal barrier interaction

The gastrointestinal barrier composed of the intestinal mucosa plays a crucial role in the brain-gut axis pathway. Disruption of the in-

tegrity of the intestinal mucosal barrier can easily cause inflammation and affect intestinal motility, sensation and hormone secretion [19]. This 

is because the destruction of the intestinal mucosal barrier will make the molecular structure bound to the intestinal mucosal surface release 

immunoactive substances such as proteases, and produce some inflammatory cytokines that pass through the intestinal mucosal barrier. The 

intestinal epithelial barrier is closely related to the homeostasis of the internal environment [20]. The entry of macromolecules and microorgan-

isms into the gut and lymphoid tissues is controlled by microbiotic cells in the intestinal epithelial barrier. The outer layer of mucus is tightly 

distributed with a dynamic barrier composed of glycoproteins called biofilm. This glycoprotein biofilm is broken down by microorganisms 

during low dietary fiber and increases sensitivity to pathogen recognition.

2.2.2 Blood-brain barrier interaction

The diffusion barrier between the central nervous system and the cerebrospinal fluid is usually formed by clathrin [21], which builds up 

the endothelial cells of the cerebral blood vessel wall. Permeability to this barrier, in turn, is determined by organic factors released by the 

intestinal bacterial population that control connexin expression. Recent studies have shown that an important signal metabolite affecting the 

blood-brain barrier may be short-chain unsaturated fatty acids [22]. Short-chain unsaturated fatty acids act on the blood-brain barrier through 
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genetic modification. Microglia, the immune cells in the central nervous system, can be activated by intestinal microbes to release immune 

factors that regulate the function of the nervous system, thereby affecting the physiological activities of the brain.

3. Understanding of brain-gut axis in traditional Chinese medicine

In traditional Chinese medicine, the role of “brain” in the brain-gut axis is interpreted as the regulation of cerebrovascular diseases and 

emotional disorders, and the regulation of “intestinal tract” can be interpreted as the regulation of visceral function related to digestion. The 

term “brain-gut axis” is not mentioned in traditional Chinese medicine, but modern medicine has confirmed that the brain-gut axis is closely 

related to the spleen, liver and kidney [23-25]. The normal life activities of the human body depend on the five zang organs, and the brain, as 

the original spirit, dominates the spiritual consciousness and sensory movement of the whole body. At the same time, the meridian system 

connects the five zang organs, qi and blood, Yin and Yang of the human body, and its circulation and syndromes are also closely related to the 

brain.

3.1 Integration of heart and brain sensing

The theory of traditional Chinese medicine believes that the generation of emotion originates from the brain and originates from the 

heart, and gradually forms the concept of “the heart and brain induction integration”. People often say “using the brain” as “heart”. “Suwen-

Linglan Secret classic” says: “The heart, the official of the monarch, God out of the Yan”. The Medical Classic Jingyi says, “All things enter 

the brain through the eye, through the ear, and through the heart.” Zhang Xichun’s Yi Xue Zhong zhong shen Xilu (Medical Zhongzhongshen 

Xilu) of the Qing Dynasty wrote, “The human deity is originally located in the heart and the brain, and the function of the deity is supple-

mented by the heart and the brain. The brain for the original god, the heart for the god.If a man wants to use his God, he will reach his heart 

from his head. If he does not use his god, he will return from his heart to his head.” Referring to the textbook Basic Theory of Traditional 

Chinese Medicine, the functions of heart and brain are described as “heart governs mind” and “brain assists heart in regulating human spirit, 

consciousness, thinking, and functional activities of zangfu organs.” It can be seen that ancient and modern doctors generally believe that the 

brain and heart are connected and perceive external things together.

3.2 Heart-gut relationship

The theory of “the exterior and interior of the heart and the small intestine” was first put forward in the Benshu ( Shu of Miraculous 

Pivot), “the heart connects the small intestine”. From the theory of meridians, in the book Meridians of Miraculous Pivot, it is written: “The 

heart and hand are shaoyin vessels, which originate from the heart, originate from the heart system, and are lower than the diaphragm and 

small intestine”. The relationship between the heart and the small intestine can also be reflected from the physiological function. For exam-

ple, Zhu bing Yuan hou Lun (Theory of All Diseases, Sources and Syndromes) believes that the small intestine has the function of helping the 

heart to discharge water. “The heart of the small intestine is also, its water and qi descending to the small intestine is the Ao stool, then the 

heart has no stop drinking, and the body fluid and water drink stop accumulation, forced by the heart, so that the heart is not smooth, so the 

pain and more saliva also”; According to the pathological manifestations, the heart fire is transferred to the small intestine, and the water is 

injected into the bladder through the three jiao, causing difficulty in urination. And the small intestine has heat can also follow the meridian 

inflammation in the heart, visible upset, tongue red erosion and so on. Therefore, the heart and small intestine are exteriors and exteriors of 

each other, and cooperate, influence and connect with each other in physiology, pathology and meridians.

4.	Explore	the	brain-gut	interaction	pathway	based	on	intestinal	flora	from	the	perspective	of	
traditional Chinese medicine

It has been found that the balance of Yin and Yang in the internal environment system of the body is determined by the circulation 

movement mechanism of “Qi ascending and descending” of the whole body function of the viscera, and the functional ascending and de-

scending and constitutive mechanism are determined by the characteristics of qi ascending and descending of the corresponding viscera, re-
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spectively. Under the support of the theory of brain-gut axis, the combination of spleen, liver and kidney is the main cause and pathogenesis 

of the human body, and the three can also interact.

4.1	Qi	of	spleen	and	stomach	and	Yin-Yang-intestinal	flora

As the driving force of the brain-gut axis system, gut microbiota is involved in the regulation of brain-gut axis pathways. The imbal-

ance of intestinal flora will affect the balance of the internal environment, such as the normal physiological function of the digestive, nervous, 

endocrine and immune systems, thus affecting the overall function [26]. Yin and Yang change with the rise and fall of middle qi, which is the 

qi of the spleen and stomach, and the rise and fall of middle qi is the driving force for the growth and change of all things. Through qi, blood, 

meridian-collateral and other systemic auxiliary substances, its imbalance will also affect the dysfunction of the whole body. There is no term 

“gut microbiota” in traditional Chinese medicine. Therefore, in traditional Chinese medicine, the intestinal flora can be understood as the qi 

of the spleen and stomach and the Yin and Yang of the spleen and stomach. Maintaining the homeostasis between probiotics and pathogens 

in the gut microbiota plays a key role in the proper functioning of the body. Under physiological conditions, maintaining a stable intestinal 

microecology is an important part of the normal rise and fall and smooth circulation of human qi, which can mainly reflect the function of the 

spleen and stomach.

4.1.1 Brain, spleen and intestine related

The relationship between the spleen and stomach and the brain is extremely close, and there is a relationship between meridian-qi and 

substance. The meridian system is an important bridge of the brain-gut axis in traditional Chinese medicine. The stomach meridian runs into 

the brain in foot-yangming, and the stomach and brain meridian are connected by qi. In the Wu Long Jin Ye bie of Miraculous Pivot, it says, 

“When the body fluids of the five grains are combined and become an ointment, they penetrate into the bone cavity and replenish the brain.” 

The blood and essence of the spleen and stomach nourishments the normal physiological function of the brain, and the transport of blood and 

semen depends on the promotion of the spleen and stomach qi. On the one hand, the imbalance of Yin and Yang of spleen and stomach qi can 

lead to insufficient brain bone marrow and insufficient qi and blood, which affects brain function. On the other hand, the brain has the role 

of dominating life activities and directing whole body functions. If the perception ability of the brain decreases, the brain loses contact with 

the spleen and stomach, and the spleen and stomach cannot receive and transport normally, followed by abdominal distension, diarrhea, poor 

stool and other digestive problems. If the brain is damaged, it will damage the spirit and cannot drive the reception and transportation of the 

spleen and stomach, resulting in the loss of the movement function of the spleen and stomach, abnormal rise and fall of qi, insufficient blood 

gas and biochemistry, damage to the function of the main spleen muscles and limbs, muscle weakness, fatigue and other symptoms. [27]

4.1.2 Liver, spleen and brain related

Traditional Chinese medicine proposes that the liver plays a key role in the relationship between the rise and fall of the spleen and 

stomach. Liver-qi disharmony inevitably affects the laxative function of the liver. Liver against spleen and stomach, resulting in loss of tem-

perament, qi stagnation, qi and blood discord. The body temperature is low, qi and blood are insufficient, and the stomach can not eat, which 

aggravates the lack of liver blood and stagnation of liver qi, resulting in the loss of mental nutrition. In addition, TCM proposes that the nor-

mal functions of spleen, stomach and consciousness are closely related to the unobstructed liver. According to the Miraculous Pivot: Meridi-

an, “The vessel of liver foot Jueyin reaches the lower abdomen, clamp the stomach and leaves the forehead, and meets the governor vessel at 

the top.” It can be seen that the liver meridian runs down to the gastrointestinal tract and up to the top of the roof, which is an indispensable 

channel for brain-gut communication. The brain also has the function of regulating emotions and splenic anxiety. Lack of spirit, excessive use 

of the brain, mental stress or depression, it is easy to cause spleen deficiency. Lu Dianqiang et al. [28] believed that the normal rise of middle 

coke can ensure normal emotional activity. Spleen blood, blood and heart; Spleen dysfunction, mental and nutritional deficiencies, and mood 

disorders are the result of the absence of the spirit in the spleen

4.1.3 Spleen, kidney and brain related

Huangdi Neijing (Yellow Emperor’s Internal Classic) once put forward the theory that “the kidney hides the essence and the essence 

generates the marrow”, which means that the brain bone marrow is produced by the congenital kidney essence. The governor vessel and the 



2023 ǀ Volume 12 ǀ Issue 4  -107-

bladder meridian form the channel between the kidney and the brain. From a physiological point of view, the spleen meridian and the gover-

nor vessel are connected between the mouth and the heart, and Yang qi should be injected into the governor vessel by the stomach meridian. 

The governor vessel regulates the Yang qi of the whole body, circulates along the meridians and the brain, and strengthens the connection 

between the spleen, stomach, the governor vessel and the brain. The meridians of the spleen are connected to those of the bladder, which pass 

through the abundant muscles on both sides of the spine. Thus, it depends on the function of the splenic innervating muscles and the spleen 

and stomach as the basis for acquiring acquired postnatal. In terms of pathology, the kidney loses its shuttering function, the kidney Yin can-

not converge, the kidney Yang and spleen Yang cannot be attributed to the kidney house, the kidney Yang is deficient, the promotion is weak, 

the evaporation and gasification function is lost, and the water metabolism is abnormal. Kidney water insults spleen soil, conditioning weak-

ness, aggravation of systemic gasification dysfunction [29]. Based on the above discussion, the brain-gut axis pathway in modern medicine can 

be generally understood as the relationship between spleen, brain and intestine in traditional Chinese medicine.

5. Summary and Prospect

In the 21st century, the pace of life is getting faster and faster, science and technology and medicine are developing rapidly, but we still 

face many medical problems. Brain-gut axis is a turning point for human beings to understand and break through the difficult problems of 

mental or gastrointestinal diseases. Modern scientific research [30] points out that gut microbiota can affect individuals to improve brain and 

gut functions through the microbiota-gut-brain axis. The heart and small intestine are the outer and inner parts of each other, mainly reflecting 

the function of helping the small intestine digest food. Learning from the perspective of the heart is from the perspective of the brain. Based 

on this, under the framework of the disease treatment function of modern clinical traditional Chinese medicine and western medicine com-

bined with the theoretical basis of internal correlation in clinical research, this paper systematically and in detail discusses the mechanism of 

disease regulation by the bacteria-brain-gut axis, analyzes and construct the relationship between neuropsychiatric diseases and gastrointes-

tinal diseases from multiple angles, and provides new ideas for the development of related drugs and the treatment plan of coupling diseases 

of nerves and gastrointestinal Road. At present, in view of the fact that there is no unified understanding of the mechanism and prognosis 

of brain-gut axis system in regulating gastrointestinal diseases among many domestic and foreign basic researchers and scholars, many re-

searches are focused on the basic problems of dynamic monitoring and management of intestinal flora balance function. The future research 

direction should focus on exploring the biological dynamic mechanisms of the brain-brain-gut axis system in the cooperative regulation of 

brain-gut diseases and the development of brain-gut diseases, and expounds the various biological mechanisms of how the body automatical-

ly realizes the simultaneous treatment and regulation of stomach, brain, and gut functions.
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generative Diseases：A Review
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Abstract: Early detection of neurodegenerative diseases can increase the possibility to access to treatment, and assist in advance care plan-

ning. At present, most of the gait researches focus on the design and application of recognition tools for disease diagnosis, such as recording 

the walking and movement status through wearable sensor devices, while, relatively less non-contact machine vision is used to measure gait. 

The non-contact gait detection method is characterized by the advantages, including the absence of human cooperation, non-invasive nature 

and so on, which is also suitable for long-distance perception. In this paper, we focused on some non-contact analysis methods for abnormal 

gait, and it is hoped that it can provide guidance for the diagnosis of neurodegenerative diseases.

Keywords: Neurodegenerative Diseases; Early Diagnosis; Abnormal Gait; Non-Contact Detection 

1. Introduction

With the aggravation of the aging of the population, neurodegenerative diseases suffered by the elderly have gradually evolved into 

a significant social problem. Some of most known and serious neurodegenerative diseases are Parkinson’s (PD), S.L.A., Alzheimer’s (AD), 

Huntington Korea (HD) and Dementias (DD).The pathological changes associated with the onset of neurodegenerative diseases are irrevers-

ible. When patients show cognitive impairment, the course of disease is often in the middle or late stage. By that moment, treatment is only 

available for slowing down the development of the disease, instead of fundamental reversion of the damage of neural network. The conven-

tional diagnosis of neurodegenerative diseases largely depends on the subjective measures obtained from observations and questionnaire of 

the clinicians to require a UPDRS score. These descriptive symptoms may cause misclassification and low efficiency. To formulate appro-

priate treatment protocols, and improve patient care during rehabilitation, it is important to promptly and accurately identify gait abnormali-

ties[1]. By the time neurodegenerative diseases are diagnosed, sufficient neuronal injury has occurred to the extent that reversal of the disease 

is unlikely Gait(see Fig.1) is regarded as a complex task requiring higher control of cognitive processing that involves attention, planning, 

memory and other motor, perceptual and cognitive processes and is shown to have a robust relationship with cognition.So early diagnosis is 

facing great challenges.

                                                     
                                                              （a）                               (b)                                             (c)

Fig.1 The abnormal gait due to neurodegenerative diseases. (a)Hemiplegic gait (b) Parkinson’s gait (c) Ataxic gait  [2]

    Patients with hemiplegic gait(Fig.1(a)), always have the leg is stiff, and with each step is rotated away from the body, then toward 

it, forming a semicircle(without flexion of knee and ankle,). Patients with Parkinson’s gait often present with abnormal posture and hands 

shake(Fig.1(b)). Patients with ataxic gait, often have the deformity seen with foot drop(Fig.1(c)). 

However, the cost of these analysis systems is extremely high, and the fixed installation set-up is needed. Meanwhile, traditional dis-

ease detection methods are difficult to eliminate the impact of subjective differences among diversified testers, which is not conducive to 
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longitudinal observation of patients’ condition, and the evaluation of disease progression. Gait abnormalities associated with neurodegenera-

tive diseases are due to protein aggregates in different brain regions, which may lead to cell dysfunction or death . More advanced diagnostic 

techniques such as computed tomography scans that measure brain function, can be cost prohibitive and may expose patients to radiation 

and other harmful effects. Increasing gait-based detection technologies are proposed as alternative, fast, low-cost and non-invasive detection 

methods. So it’s trend that cooperating with medical institutions to diagnose early neurodegenerative diseases in a non-intrusive way.

2. Abnormal gait analysis in the early diagnosis of neurodegenerative diseases

Many previous studies have analyzed the gait variables in neurodegenerative diseases, including Parkinson’s disease, for various appli-

cations. these tests is that they may not be efficient at early-stages of cognitive impairment. Recent studies have demonstrated that some gait 

abnormalities may appear particularly early in neurodegenerative diseases, although these early features remain to be elucidated fully [3]. Ac-

cording to the research of Ríona McArdle of Newcastle University, by studying the unique walking patterns of patients with cognitive impair-

ment, clinicians can accurately diagnose whether they are suffering from Alzheimer’s disease or Lewy body dementia. The results showed 

that these two special gait characteristics were enough for the identification of 60% of dementia subtypes. The research of Panyakaew et al. 

illustrates that patients with early Parkinson’s disease may not complain about gait difficulties, however, when they are confronted with dual 

tasks, subtle gait abnormalities may be revealed as part of “preclinical gait syndrome”. To maintain the speed, patients with early Parkinson’s 

disease develop compensatory mechanism by increasing beat, and reducing swing time and cycle time. In addition, temporal gait variability 

and arm kinematics are also promising markers of preclinical Parkinson’s disease. As per the research of Mole [4], the clinical symptoms of 

early neurodegenerative dementia have impact on the movement disorder or human gait cycle to a great extent. The experimental results sug-

gest that this method is available for the effective distinguishing of the gait dynamics characteristics of pathological group and healthy control 

group. Barrett Blake [5] et al. described the changes of gait and the balance ability caused by cognitive decline in the early stage of dementia, 

and pointed out that early detection of gait changes and centralized intervention would reduce mortality. Amyotrophic lateral sclerosis (ALS) 

is characterized by gradual muscle atrophy, difficulty in autonomous movement, and cognitive dysfunction due to the damage of motor neu-

rons in the cerebral cortex, brain stem and spinal cord. Literature proposed a method for early diagnosis of this disease, and abnormal gait 

was proved to be effective.In addition, certain early neurological symptoms show the characteristics, including some gait disorders, such as 

Alzheimer’s disease, isolated adrenocortical hormone deficiency, hemophilia, early childhood ataxia or developmental coordination disorder , 

Huntington’s disease, rheumatoid arthritis [6], etc.

In conclusion, gait is of guiding significance for the early diagnosis of neurodegenerative diseases, especially Parkinson’s disease. At 

present, in most cases, the mature gait analysis methods are suitable for the detection and analysis of moderate and severe frozen gait. Be-

sides, the method of characterizing gait disorder has irreplaceable advantages for the early diagnosis of neurodegenerative diseases.

3. Abnormal gait detection method

Currently, most of the gait researches for disease diagnosis focus on the design and application of recognition tools which use wear-

able sensor systems to record gait dynamics characteristics, including force contact sensors (such as foot switch and sole pressure insole) ,  

accelerometers, gyroscopes and inertial measurement units. In recent studies, motion sensors (dedicated to smart phones) are also utilized to 

determine the characteristics of the disease, usually by ensuring that the waist and legs and other parts of the sensor, which are integrated into 

a wearable device. But assessment techniques based on behavioral tests such as rotarod, grip strength or scoring systems are characterized 

by several limitations.  Some sensors will be limited by non-physiologic test conditions, while some devices will depend on the users and 

motivational factors. As a non-contact measurement tool, the depth camera is employed for the collection of the gait data of the elderly in the 

room, which can identify the walkers without interference, and the generation of the probability method of automatic gait estimation over 

time. Besides, it can also provide the residents with fall risk assessment data based on gait parameters at home.  Diagnostic techniques and 

treatment optimization are of important academic theory and practical application value. Balaji E. [7]proposed gait classification framework 

with several classifiers (i.e DT, SVM, EC and BC), and utilized the vertical ground reaction force (VGRF) gait dataset, the minimal feature 
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vector using the statistical analysis. The results reveal that the proposed method outperforms several other PD classification methods.

The monitoring of gait parameters collected in the above-mentioned literatures involves highly accurate but expensive systems, such 

as three-dimensional gait analysis, infrared camera, photoelectric system and force sensor. As non-mobile devices, these sensory systems are 

only operable in controlled environment, therefore, it is difficult to analyze the continuous gait cycle of long-term application, especially in 

the case of free walking. In contrast, non-contact measurement methods, such as depth camera are more suitable for home measurement, un-

fortunately, there is no evaluation on early diagnosis of related diseases.  

Conclusion

At present, there is a lack of effective methods to detect gait disorders in early degenerative diseases from the perspective of visual 

cognition. This is due to the fact that the extracted abnormal motion features can not only have a good “distinguishing” description for the 

behavior types of different diseases, but also have a good ‘invariance’ description for the same behavior under various complex conditions. 

Human vision can easily capture the key areas in walking gait, it is therefore very important to model the human behavior and key point 

feature extraction mechanism in the process of visual cognition, starting from the characteristics of human visual attention and the individual 

processing mechanism. 
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Abstract: Objective: To compare the total treatment costs for patients with diabetic foot with osteomyelitis, necrotizing fasciitis, and stage IV 

pressure ulcers in Dalian city, to explore the economic burden of different types of chronic wounds. Methods: A retrospective analysis design 

was used, collecting data from 18 patients (6 of each wound type) from the electronic medical record system of a large hospital in Dalian. 

One-way ANOVA and Tukey’s HSD post-hoc tests were applied to compare the treatment costs of different wound types. Results: The treat-

ment costs for the necrotizing fasciitis group were significantly higher than those for the stage IV pressure ulcer group, while the costs for the 

diabetic foot group did not show significant differences from the other two groups. This finding highlights the impact of chronic wound types 

on treatment costs and the importance of early intervention. Conclusion: The results provide data support for the optimized allocation of med-

ical resources, especially in a context of limited resources. They emphasize the necessity of early identification and management of chronic 

wounds and provide a basis for establishing cost-effective treatment strategies.

Keywords: Chronic Wound; Socio-Economic Factors; Treatment Costs

Introduction

In the fields of medicine and public health, chronic wounds, including diabetic foot, necrotizing fasciitis, and stage IV pressure ulcers, 

have always been a problem of significant clinical and socio-economic importance1. These complex clinical conditions require highly per-

sonalized treatment strategies and often long-term care, which undoubtedly increase overall medical costs. With the exacerbation of global 

population aging, these issues are expected to grow, making the exploration of chronic wound treatment costs an urgent issue to be addressed.

In China, with the rapid development of the economy and changes in population structure, the incidence of chronic diseases is on the 

rise, and the increasing costs of chronic wound treatment are posing a significant burden on families and socio-economic development2. The 

treatment costs of diabetic foot, necrotizing fasciitis, and stage IV pressure ulcers, as three major types of chronic wounds, and their impact 

on patients’ financial status have not been fully studied. Especially in specific cities like Dalian, the specifics and comparisons of these costs 

are not clear.

In recent years, the healthcare services and medical insurance system in Dalian have undergone significant changes, which may affect 

the treatment costs of patients with chronic wounds. Therefore, studying the treatment costs of patients with chronic wounds in Dalian is not 

only important for local medical decision-making and resource allocation but may also provide valuable experience and reference for other 

similar cities3.

The purpose of this study is to compare the total costs incurred during the treatment of patients with diabetic foot, necrotizing fasciitis, 

and stage IV pressure ulcers in Dalian. Through this comparison, we aim to explore the economic burden of different types of chronic wounds 

and analyze how these burdens reflect the specific medical resource allocation and disease management strategies of Dalian city. Additional-

ly, this study will discuss the impact of these costs on the financial status of patients’ families and the potential significance of these findings 

for optimizing medical resource allocation and improving disease prevention and early intervention4.

Association Between Chronic Wound Treatment Costs and Socio-economic Factors

The treatment costs of chronic wounds and their association with socio-economic factors is a multi-dimensional and complex issue. In 

China, this issue is particularly concerning due to significant disparities in economic development levels, medical resource distribution, and 
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social security systems across different regions5. These disparities not only affect patients’ access to medical services but also determine the 

extent to which they bear medical expenses.

Firstly, the high costs of chronic wound treatment pose a particular challenge for low-income groups. These patients may not be able 

to afford optimal treatment plans, such as the use of modern wound care technologies and advanced biomaterials, potentially leading to poor 

treatment outcomes and chronicity of the disease6. Moreover, due to financial pressure, these patients might delay seeking medical care, lead-

ing to the exacerbation of their condition, increasing the ultimate treatment costs and socio-economic burden7.

Materials and Methods

This study employed a retrospective analysis design to compare the total treatment costs of three different types of chronic wounds in 

Dalian city—diabetic foot with osteomyelitis, necrotizing fasciitis, and stage IV pressure ulcers.

Study Subjects:

The study sample included patients treated from January to December 2022 at a large hospital in Dalian city. Inclusion criteria includ-

ed: 1) Patients diagnosed with diabetic foot with osteomyelitis, necrotizing fasciitis, or stage IV pressure ulcers; 2) Aged between 45 and 85 

years; 3) Treated surgically and recovered. Exclusion criteria included: 1) Patients with necrotizing fasciitis and stage IV pressure ulcers who 

also had diabetes; 2) Patients needing parenteral nutrition, or whose vital signs were poor requiring rescue and ICU treatment. In the end, 6 

patients were included in each group, equally divided between male and female.

Data Collection:

Data collection included patients’ basic information (age, sex, condition, etc.) and treatment-related costs. Treatment costs included 

hospitalization fees, surgical fees, medication fees, material fees, and other related costs. All data were obtained from the hospital’s electronic 

medical record system.

Statistical Analysis:

One-way ANOVA was used to compare the treatment costs of the three groups of patients. Subsequently, post-hoc multiple comparison 

tests were conducted to determine the specific cost differences between different types of chronic wounds. Tukey’s HSD test was used for 

post-hoc comparisons. All statistical analyses were completed using GraphPad Prism statistical software. The significance level in the results 

was set at p < 0.05.

Results

The statistical analysis of this study was based on the treatment cost data of three different groups of chronic wound patients in Dalian 

city: diabetic foot with osteomyelitis, necrotizing fasciitis, and stage IV pressure ulcers. One-way ANOVA was performed on 18 samples (6 

samples per group) to assess whether there were statistically significant differences in the average treatment costs between the three groups, 

as shown in Table 1.

Necrotizing fasciitis Diabetic foot Stage ⅳ pressure sore

gender Days Cost Cost/Day gender Days Cost Cost/Day gender Days Cost Cost/Day

F 20 31714.52 1585.73 F 21 24182.64 1151.55 F 15 15955.67 1063.71 

M 18 22204.62 1233.59 M 15 22513.44 1500.90 M 13 23193.08 1784.08 

M 5 9352.27 1870.45 M 15 17324.07 1154.94 F 9 8789.03 976.56 

F 23 26782.77 1164.47 F 12 17620.43 1468.37 M 48 31058.46 647.05 

F 7 10780.32 1540.05 M 15 19512.04 1300.80 F 16 15338.77 958.67 

M 7 13708.02 1958.29 F 14 19504.05 1393.15 M 37 27281.86 737.35 

Average 
cost/day 1558.76 Average 

cost/day 1328.28 Average 
cost/day 1027.90 

Table 1: The table shows three groups of patients, with the data for each patient group from left to right being sex, hospitalization days, treat-

ment costs, and average daily treatment costs. The last column for each group shows the average daily treatment costs for that group.



-114-  Advanced Emergency Medicine

Descriptive statistics showed that the average treatment cost for the diabetic foot group was 19,090.42 yuan, with a standard deviation 

of 9,177.12 yuan. The average treatment cost for the pressure ulcer group was 20,109.44 yuan, with a standard deviation of 2,722.02 yuan. 

The necrotizing fasciitis group had the highest average treatment cost of 20,269.48 yuan, with a standard deviation of 8,352.77 yuan.

The ANOVA results showed (as seen in Figure 1) that the F-value for the variance analysis between the treatment groups was 4.414, 

with a p-value of 0.0311, indicating that there were statistically significant differences in average treatment costs between at least two groups. 

The R-squared value was 0.3705, meaning that the type of treatment could explain about 37.05% of the total variance.

Further post-hoc multiple comparisons using Tukey’s HSD test yielded the following results: the av-

erage difference between the diabetic foot and pressure sore groups was 300.4 yuan, with a 95% confidence 

interval (CI) of -165.0 to 765.8 yuan, and an adjusted p-value of 0.2462, indicating no significant statistical 

difference between the two groups. The average difference Figure 1: The X-axis represents the three groups, 

and the Y-axis represents the treatment costs. The bars marked with an asterisk indicate statistically signifi-

cant differences between them.

between the diabetic foot and necrotizing fasciitis groups was -230.5 yuan, with a 95% CI of -695.9 

to 234.9 yuan, and an adjusted p-value of 0.4240, also indicating no significant difference between the two 

groups. The average difference between the pressure sore and necrotizing fasciitis groups was -530.9 yuan, 

with a 95% CI of -996.3 to -65.45 yuan, and an adjusted p-value of 0.0247, indicating a significant difference between the two groups.

In conclusion, these results suggest that, in Dalian city, the treatment costs for patients with necrotizing fasciitis are on average higher 

compared to those with stage IV pressure ulcers. However, the treatment costs for patients with diabetic foot did not show significant differ-

ences from the other two groups.

Discussion

The purpose of this study was to compare the treatment costs for patients with diabetic foot with osteomyelitis, necrotizing fasciitis, 

and stage IV pressure ulcers in Dalian. The results revealed differences in the treatment costs of these three types of chronic wounds, espe-

cially between necrotizing fasciitis and stage IV pressure ulcer patients8.

When interpreting these differences, we must consider a variety of possible influencing factors. Necrotizing fasciitis, due to its rapid 

progression and high mortality rate, typically requires urgent and invasive medical interventions, including but not limited to extensive sur-

gical debridement and long-term antibiotic treatment. This may explain why the average treatment cost for this group was the highest. In 

contrast, although stage IV pressure ulcers also require long-term management and costly care, their treatment costs are lower compared to 

necrotizing fasciitis. This may be partly due to differences in treatment methods and strategies, as well as the disease course and recovery 

speed of different wound types9.

The treatment costs for patients with diabetic foot did not show significant differences from the other two groups. This may be related 

to the standardized degree of treatment. Patients with diabetic foot typically receive standardized multidisciplinary treatment, including blood 

sugar control, local wound management, and appropriate foot protection10. Nevertheless, this result may hide underlying complexities, as the 

treatment costs for diabetic foot may be influenced by a variety of factors, including the control of diabetes, the occurrence of complications, 

and the possibility of readmission.

Furthermore, our study results emphasize the importance of early and proactive intervention for patients with chronic wounds. In clin-

ical practice, adherence to evidence-supported treatment methods can effectively control treatment costs. For instance, for patients with pres-

sure ulcers, regular position changes and the use of pressure-distributing mattresses might prevent the worsening of pressure ulcers, reducing 

the number of patients requiring expensive treatment.

When analyzing the study results, we must also acknowledge the limitations of the study. The small sample size may affect the general-

izability of the statistical results, and future research should include a broader patient population to validate these findings. Additionally, this 

study only focused on direct medical costs and did not consider indirect costs, such as loss of work capacity and family care expenses, which 
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may significantly impact the overall economic burden of chronic wounds.

Another limitation of the study is that it did not consider differences in the severity of the condition, which may affect treatment costs. 

Future research should incorporate the severity of the condition as a covariate to more comprehensively assess treatment costs11.

Lastly, our findings have potential implications for medical decision-making and policy formulation. A deep understanding of the 

treatment costs of chronic wounds can help health policy makers optimize resource allocation, especially in situations with limited budgets. 

Moreover, this information is crucial for developing cost-effective treatment plans that help improve patients’ treatment outcomes and quality 

of life.

Conclusion

This study compared the treatment costs for patients with diabetic foot with osteomyelitis, necrotizing fasciitis, and stage IV pressure 

ulcers. The results showed that although there are differences in the treatment strategies and costs of these three chronic wound types, the 

average treatment costs for patients with necrotizing fasciitis were significantly higher than those for stage IV pressure ulcer patients. Mean-

while, the treatment costs for diabetic foot patients did not show significant differences from the other two groups.

Future research should focus on a broader patient group, consider the severity of the condition, and include indirect costs to fully un-

derstand the economic burden of chronic wounds.
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Abstract: With the aging society and increasing risk factors for cardiovascular diseases, the incidence of atrial fibrillation is gradually in-

creasing, seriously affecting human health. Previous studies have shown that hypertension, diabetes, heart failure, chronic kidney disease, 

etc, increase the risk of death of patients with atrial fibrillation. Research has shown that cardiac pathological remodeling is the fundamental 

pathophysiological mechanism for atrial fibrillation, which is closely related to thromboembolism and death in patients with atrial fibrillation. 

At present, there is limited research on the risk factors for increased mortality in patients with atrial fibrillation. Therefore, this article will 

review the related factors that increase the risk of death in patients with atrial fibrillation.

Keywords: Atrial Fibrillation; Death; Risk Factors

Introduction

Atrial fibrillation (AF) is a common supraventricular arrhythmia, characterized by abnormal atrial electrical stimulation and systolic 

dysfunction.It can lead to cardiac dysfunction. AF not only reduces the quality of life of patients, but also increase the all-cause mortality 

rate of patients with metabolic cardiovascular disease by 1.5-1.9 times [1, 2]. The ion channels of myocardial cells alter the excitability of atrial 

muscles, forming a reentrant loop, leading to the ccurrence of AF, activating the sympathetic nervous system and renin-angiotensin-aldoster-

one system (RAAS), promoting myocardial fibrosis, and leading to cardiac pathological remodeling and dysfunction[3]. Research has shown 

that AF is closely related to adverse outcomes such as thromboembolism and increased mortality [4, 5]. Currently, there is relatively little re-

search on the risk factors for increased mortality in patients with AF, so this article provides a review of this research.

1.	Atrial	fibrillation	and	death

The study found that the incidence rate of ischemic stroke in patients with AF was higher and more serious, the cerebrovascular mor-

tality increased [6]. AF can lead to hemodynamic abnormalities, cardiac endothelial dysfunction, platelet aggregation, and coagulation factor 

release, promote left atrial thrombosis, and increase the incidence rate of thromboembolic stroke[7]. Toshimi et al[8]found that without car-

diovascular risk factors, AF is also an independent risk factor for stroke related death. In addition, research has confirmed that with the use 

of oral anticoagulants, the cerebrovascular mortality rate in patients with AF has decreased, but there is still a higher risk of cardiovascular 

death[9]. Especially among the elderly, there is a significant increase in cardiovascular mortality [10]. The mechanism of increased mortality in 

patients with AF is closely related to the pathological remodeling of the heart caused by various cardiovascular diseases and fatal arrhythmias 

caused by cardiac dysfunction [4, 11].

2. The death risk factors of AF

2.1 Women 

Research has found that elderly female with AF have a higher risk of thromboembolism related stroke, and have a higher all-cause 

mortality rate[1, 12]. Women with AF have a 2.5 times higher cardiovascular mortality rate than men[13]. In a meta-analysis of 30 studies, it was 

found that female AF patients had an all-cause mortality rate 12% higher than male[14]. At present, there is no mechanism to clearly explain 

the gender differences in AF mortality, which may be related to insufficient treatment in female AF patients, differences in anticoagulant drug 

responsiveness, and a high risk of fatal adverse events caused by antiarrhythmic drugs [15, 16].
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2.2 Smoking 

Smoking is a risk factor for AF, and research has confirmed that smoking is associated with a high risk of thromboembolism and death 

in AF patients[17]. Kwon et al.[18] found that AF patients who smoke are more prone to ischemic stroke and cardiovascular death. Lee et al.[19] 

found through follow-up of newly diagnosed patients with AF that patients who did not quit smoking had a significantly higher risk of cere-

brovascular death compared to those who quit smoking. Alanna M Chamberlain et al. [20]also found that smokers with AF have a higher risk 

of all cause death compared to non-smokers. Smoking can increase the risk of death in patients with AF by promoting catecholamine secre-

tion, increasing cardiac contraction, leading to myocardial ischemia .It can also by affecting blood lipids, promoting oxidative stress response, 

damaging vascular endothelial function, accelerating atherosclerosis, increasing the risk of myocardial infarction and heart failure[17] .

2.3 Obesity 

Obesity can lead to the transition from paroxysmal to persistent AF[21]. Obese patients often have an increase in epicardial adipose tis-

sue. Currently, research has found that epicardial adipose tissue has metabolic activity, which can induce myocardial fibrosis and cardiac dys-

function[22]. It was found that obesity can prolong the QT gap and increase the risk of sudden cardiac death[23]. However, the impact of obesity 

on the mortality of AF patients is controversial. Research has found that high body mass index (BMI) is the main risk factor for death in 

patients with AF[24]. However, some studies have found a reverse relationship between BMI and mortality in patients with AF. Compared with 

patients with normal BMI, low-weight patients have higher all-cause mortality, while overweight and obese patients have lower all-cause 

mortality [25]. The “obesity paradox” has also appeared in recent studies. When BMI is less than 30kg/m2, all-cause mortality is negatively 

correlated with BMI [26]. This may be related to the fact that patients with higher BMI are often younger, with fewer comorbidities, and that 

rhythm control and anticoagulant therapy are more commonly used in patients with AF in higher BMI.

2.4	Inflammation	

Inflammation plays an important role in the progression of cardiovascular diseases, and participate in cardiac remodeling, leading to the 

persistence of AF[27]. Inflammation is an important response for the body’s immune defense, but sustained or inappropriate inflammation can 

also cause damage to the body. Research has confirmed that inflammation can increase the risk of death in AF patients. Aulin et al. [28]found 

that the levels of interleukin-6 are positively correlated with all-cause mortality in AF patients. Hermida et al. confirmed that high levels of 

hypersensitive C-reactive protein are independent risk factors for all cause and cardiovascular death in AF patients[29]. Some studies have also 

found that AF patients have a higher proportion of CD4+CD28- T cells compared to non-atrial fibrillation patients, and CD4+CD28- T cells 

are significantly correlated with cardiovascular mortality in AF patients[30]. Inflammation can increase the risk of thromboembolism in AF pa-

tients, leading to cerebrovascular mortality. It is related to the hypercoagulable state, platelet activation, and endothelial dysfunction. Inflam-

mation can also promote cardiac remodeling and increase cardiovascular mortality in AF patients[31, 32].

2.5 Hypertension

Research has confirmed that hypertension is the risk factor of AF[33]. In addition, studies have also confirmed that hypertension can in-

crease the risk of death in AF patients. Wang Jianping et al.[34] found that hypertension above grade 2 is a high-risk factor for all-cause mortal-

ity in non-valvular atrial fibrillation patients. G A Dan et al. [35]also found that when AF and hypertension coexist, the all-cause mortality rate 

is higher than in patients with AF alone. The activation of the RAAS, inflammation, and oxidative stress in the long-term hypertensive state 

of the body can lead to myocardial fibrosis and ischemia, which can lead to the occurrence of arrhythmias, increase the risk of ventricular 

arrhythmias in AF patients, and increase the risk of sudden cardiac death[33]. Moreover, the increase in left ventricular volume load caused by 

hypertension can develop into hypertensive heart disease and congestive heart failure, leading to a significant increase in cardiogenic death in 

AF patients.



-118-  Advanced Emergency Medicine

2.6 Chronic kidney disease

Chronic kidney disease (CKD) often coexists with AF, leading to an increased all-cause mortality rate in AF patients[36, 37]. Research has 

confirmed that CKD can increase the risk of thromboembolic events in AF patients by affecting coagulation function, leading to an increased 

risk of cerebrovascular death[37]. Research has found that in AF patients, as the glomerular filtration rate decreases, all-cause and cardiovas-

cular mortality rates are increase [38]. The hemodynamic changes in the heart caused by AF can promote the development of end-stage kidney 

disease by reducing renal perfusion[39]. In addition, AF can further damage renal function through increasing fibrosis in myocardial and renal 

tissues, upregulation of fibrinogen, and renal micro thrombosis formation[40]. The disorder of calcium and phosphorus metabolism, vascular 

calcification caused by CKD, and the decrease in coronary blood flow caused by AF can lead to insufficient coronary blood supply, myocardi-

al ischemia, increasing risk of coronary heart disease and susceptibility to acute myocardial infarction and sudden cardiac death. In summary, 

the correlation between AF and CKD promotes a significant increase in the risk of death.

2.7 Diabetes

Diabetes is one of the risk factors of AF. Many studies have confirmed that the death of AF patients with diabetes is significantly in-

creased. Polovina et al.[41] found through a median 5-year follow-up of 1803 AF patients with T2DM, the all-cause mortality rate was 56% 

higher than that of non T2DM AF patients, and the cardiovascular mortality rate was 48% higher.  Karayiannides S et al. [42]found that the 

effect of diabetes and AF increased the all-cause mortality rate by twice compared with the general population. A recent meta-analysis of 21 

studies confirmed that diabetes is associated with a higher risk of cardiovascular and all-cause death in AF patients [43]. The mechanism of the 

impact of diabetes on the survival of AF patients has not been completely clear, and the following reasons are mainly considered. First, insu-

lin resistance exists in patients with diabetes, which leads to abnormal lipid metabolism of myocardial cells, leading to heart “lip toxicity”; 

Secondly, diabetes can lead to cardiac electrical, structural and autonomic nerve remodeling, make AF recur and continue, and affect the sta-

bility of hemodynamics; Third, diabetes can promote the development of cardiomyopathy and heart failure through systemic inflammation, 

microvascular dysfunction and oxidative stress, and increase the risk of cardiovascular death[23, 42, 44].

2.8 Heart failure 

Heart failure (HF) and AF often occur together, promoting each other and leading to poor prognosis. Cardiovascular death of AF is 

closely related to HF. Marijon et al.[45] followed up 18113 AF patients for a median of 2 years and found that cardiovascular death accounted 

for 37.4% of the total deaths, HF being the strongest predictor of cardiovascular death. In Framingham’s study, it was found that AF patients 

with HF have an increased risk of all-cause death[46]. In another study, it was found that HF is the main death cause after one year of new 

onset AF [47]. AF is mainly characterized by irregular contraction of the atrium. Changes in the excitation contraction coupling of myocardial 

cells and myocardial fibrosis can lead to abnormal atrioventricular node conduction, leading to an increase in the occurrence of ventricular 

arrhythmias. In AF patients with HF, cardiac remodeling is more significant, and the stress between myocardial cells also undergoes signifi-

cant changes. Under the influence of ventricular arrhythmias, sudden cardiac death is more likely to occur[11, 48]. HF is often accompanied by 

various diseases such as diabetes, hypertension, metabolic syndrome, renal insufficiency, etc. In patients with AF and HF, the above diseases 

are also often accompanied. The combined effect of these diseases significantly increases the all-cause mortality of patients with AF[49].

3. Summary

AF as a common arrhythmia in clinical practice, can seriously affect the quality of life of patients and significantly increase the risk of 

death. Studies have found that many factors are closely related to the death of patients with AF, including women, smoking, obesity, inflam-

mation, hypertension, diabetes, CKD, HF, etc. Clarifying the impact of various factors on the death of AF patients is of great significance for 

their diagnosis and treatment. According to the impact of risk factors on the death of AF patients, risk stratification management can be car-

ried out for the prognosis of AF patients, and active prevention and treatment of risk factors may reduce the death of AF patients. Currently, 
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research has shown that the impact of certain factors such as gender and obesity on mortality in AF patients is still controversial, and further 

clinical research is needed to clarify.
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Abstract: This article explores the opportunities and challenges of artificial intelligence (AI) and big data for health management. It argues 

that AI and big data can revolutionize health management by enabling personalized, preventive, and predictive medicine; enhancing health 

research and innovation; and transforming health systems and policies. However, it also acknowledges that AI and big data pose ethical, 

legal, social, and technical challenges and risks that need to be addressed and mitigated. It proposes that ethical and governance frameworks 

for AI and big data for health should be based on human values and principles. The article provides an overview of the main aspects of health 

management that can be revolutionized by AI and big data, as well as some recommendations or suggestions for future research or practice in 

this field. 
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Introduction

Health management is a broad and interdisciplinary field that encompasses the planning, organization, coordination, and evaluation of 

health services and resources at different levels and settings, such as individual, community, national, and global[1]. The main goal of health 

management is to improve the health outcomes and well-being of individuals and populations by ensuring the availability, accessibility, qual-

ity, and efficiency of health services and resources[2]. Health management also involves addressing the social, economic, environmental, and 

political determinants of health that affect the health needs, demands, and expectations of different individuals and groups[3]. 

In the 21st century, health management faces many complex and dynamic challenges that require innovative and effective solutions. 

Some of these challenges are:The increasing demand for health services and resources due to the growing and aging population, the changing 

burden of diseases, the rising prevalence of chronic and non-communicable diseases, and the emergence and re-emergence of infectious dis-

eases[4]. The rising costs of health services and resources due to the advancement of medical technologies, the expansion of health coverage, 

the inflation of health expenditures, and the inefficiency and wastage of health resources[5]. The aging population that poses a higher risk of 

developing multiple chronic conditions, requiring more long-term care and support, and consuming more health resources[6]. The changing 

lifestyles that influence the health behaviors and choices of individuals and groups, such as physical activity, nutrition, smoking, alcohol 

consumption, etc., which can have positive or negative impacts on their health status and outcomes[7]. The emerging diseases that pose new 

threats to public health and security, such as COVID-19, Ebola, Zika, etc., which can cause outbreaks, epidemics, or pandemics that can 

overwhelm the health systems and disrupt the social and economic activities[8]. The health inequities that exist within and between countries 

and regions, as well as among different individuals and groups based on their gender, age, ethnicity, income, education, location, etc., which 

can result in unequal access to health services and resources, as well as unequal health status and outcomes[9]. 

To address these challenges, health management needs to leverage the potential of new technologies that can enhance the delivery and 

utilization of health services and resources. Among these technologies are artificial intelligence (AI) and big data. 

AI is a branch of computer science that aims to create machines or systems that can perform tasks or reasoning processes that normally 

require human intelligence. AI can be classified into two types: narrow AI or weak AI, which is designed to perform specific tasks or func-

tions; and general AI or strong AI, which is capable of performing any tasks or functions that humans can do[10]. AI can also be categorized 

into three levels: artificial narrow intelligence (ANI), which is focused on one domain or area; artificial general intelligence (AGI), which is 

equivalent to human intelligence across domains or areas; and artificial superintelligence (ASI), which surpasses human intelligence across 

domains or areas. 
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Big data is a term that refers to large, complex, and high velocity datasets that are generated from various sources and formats. Big data 

can be characterized by four dimensions: volume (the amount of data), variety (the types of data), velocity (the speed of data generation and 

processing), and veracity (the quality and reliability of data)[11]. Big data can also be analyzed using different methods: descriptive analytics 

(what happened), diagnostic analytics (why it happened), predictive analytics (what will happen), prescriptive analytics (what should hap-

pen), or cognitive analytics (how to make it happen). 

AI and big data are closely related technologies that complement each other. AI requires a large amount of data to learn from and im-

prove its performance. Big data analytics leverages AI techniques to process complex data more efficiently and effectively[12]. Together, AI 

and big data can provide powerful tools for health management. 

The aim of this article is that AI and big data can revolutionize health management by enabling personalized, preventive, and predictive 

medicine; enhancing health research and innovation; and transforming health systems and policies. The article will discuss how AI and big 

data can impact each of these aspects of health management, as well as the benefits and limitations of their applications. The article will also 

provide some recommendations for future research or practice in this field. 

Applications and Impacts of AI and Big Data in Health Care Delivery

One of the main aspects of health management that can be revolutionized by AI and big data is health care delivery, which refers to the 

provision of health services and resources to individuals and groups who need them[13]. Health care delivery involves various processes and 

functions, such as diagnosis, treatment, prevention, monitoring, evaluation, and education. The quality and efficiency of health care delivery 

depend on various factors, such as the availability and accessibility of health services and resources, the competence and communication of 

health care professionals, the satisfaction and engagement of patients, and the coordination and integration of health care systems[14]. 

AI and big data can improve the quality and efficiency of health care delivery by enabling personalized, preventive, and predictive 

medicine. These are three types of medicine that aim to provide more customized, proactive, and anticipatory health care services and inter-

ventions for patients based on their individual characteristics and needs. 

Personalized medicine refers to the tailoring of medical treatments and interventions to the individual characteristics and needs of each 

patient. Personalized medicine takes into account various factors that influence the health status and outcomes of patients, such as their genet-

ic makeup, medical history, lifestyle, environment, preferences, values, etc. Personalized medicine can improve the effectiveness and safety 

of treatments and interventions by reducing adverse effects,increasing compliance, and enhancing outcomes[15]. 

Preventive medicine refers to the actions taken to prevent diseases or reduce their severity and complications[16]. Preventive medicine 

can be classified into three levels: primary prevention (avoiding the occurrence of diseases), secondary prevention (detecting and treating 

diseases at an early stage), and tertiary prevention (reducing the disability and mortality caused by diseases). Preventive medicine can im-

prove the health status and well-being of individuals and populations by reducing the burden of diseases, lowering the costs of health care, 

and increasing the quality of life. Predictive medicine refers to the use of data and models to forecast the likelihood and outcomes of diseases 

and conditions. Predictive medicine can help identify individuals or groups who are at high risk of developing or worsening certain diseases 

or conditions,as well as provide recommendations for interventions or actions that can prevent or mitigate them. Predictive medicine can 

improve the health status and outcomes of individuals and groups by enabling early detection, diagnosis, prognosis, and treatment of diseases 

and conditions[17]. 

AI and big data can help diagnose, treat, and monitor diseases, as well as identify risk factors and recommend interventions for per-

sonalized, preventive, and predictive medicine. For example, AI and big data can help analyze medical images, such as X-rays, CT scans,and 

MRI scans, to detect abnormalities and signs of diseases, such as cancer, fractures, or infections. 

AI and big data can also help interpret natural language, such as speech and text, to understand the symptoms and complaints of pa-

tients, as well as the notes and reports of health care professionals. AI and big data can also help provide clinical decision support systems, 

which are tools that assist health care professionals in making evidence-based decisions for diagnosis and treatment. 

AI and big data can also help monitor the health status and behavior of patients using wearable devices, such as smart watches, sensors, 
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or implants, which can collect and transmit data on vital signs, physical activity, medication adherence,etc. 

Some examples of AI and big data applications in health care delivery are:IBM Watson Health: a cognitive computing system that 

uses natural language processing and machine learning to analyze large volumes of structured and unstructured health data, such as medical 

records, clinical trials, research papers, etc., to provide insights and recommendations for diagnosis and treatment. Google DeepMind Health: 

a deep learning system that uses neural networks to process complex data, such as medical images, genomic data, electronic health records, 

etc., to improve disease detection, diagnosis, prognosis, and treatment. Babylon Health: a digital health service that uses natural language 

processing and machine learning to provide online consultations with doctors and nurses,as well as symptom checkers and health assess-

ments. AliveCor: a mobile device that uses electrocardiogram (ECG) sensors to measure the electrical activity of the heart and detect irregu-

lar heart rhythms, such as atrial fibrillation. Medtronic: a medical device company that uses sensors and algorithms to monitor glucose levels 

in diabetic patients and adjust insulin delivery accordingly[18-20]. 

These applications show how AI and big data can enhance health care delivery by providing more accurate, timely, convenient, and 

personalized services for patients and health care professionals. 

However, AI and big data also pose ethical, legal, social, and technical challenges and risks that need to be addressed and mitigated. 

These challenges and risks include: The protection of privacy and confidentiality of health data: AI and big data rely on large amounts of per-

sonal and sensitive health data that may be collected, stored, shared, or used without proper consent or authorization from patients or provid-

ers. This may expose patients or providers to potential breaches or misuse of their data by unauthorized parties or malicious actors. The as-

surance of quality and safety of AI systems: AI systems may have errors or limitations in their design, development, deployment, or use that 

may compromise their accuracy, reliability, validity, or performance. This may lead to incorrect or harmful decisions or actions for patients or 

providers. The prevention of bias and discrimination in AI systems: AI systems may reflect or amplify existing biases or inequalities in health 

data or algorithms that may affect their outcomes or impacts for different individuals or groups based on their gender, age, ethnicity, income, 

education, location, etc. This may lead to unfair or unjust treatment or outcomes for patients or providers. The accountability and responsi-

bility for AI systems: AI systems may have complex or opaque processes or mechanisms that may challenge the attribution or explanation of 

their decisions or actions for patients or providers. This may raise questions about who is liable or accountable for the consequences or harms 

caused by AI systems. The regulation and governance of AI systems: AI systems may operate across different jurisdictions or domains that 

may have different laws or standards for their development, deployment, or use. This may create conflicts or gaps in the regulation or govern-

ance of AI systems. 

These challenges and risks require ethical and legal frameworks for AI and big data for health that are based on human values and prin-

ciples. These frameworks should involve the collaboration and consultation of all relevant stakeholders. These frameworks should also be 

adaptable and responsive to the changing needs and contexts of health care delivery in the 21st century. 

Applications and Impacts of AI and Big Data in Health Research and Innovation

Another aspect of health management that can be revolutionized by AI and big data is health research and innovation, which refers 

to the generation and application of new knowledge and solutions for health problems. Health research and innovation are essential for ad-

vancing the scientific understanding and developing new treatments and interventions for diseases and conditions that affect the health and 

well-being of individuals and populations[21]. Health research and innovation also involve various processes and functions, such as data col-

lection, analysis, sharing, dissemination, translation, and evaluation. 

AI and big data can enhance health research and innovation by facilitating data collection, analysis, and sharing. Health research and 

innovation require a large amount of data from various sources and formats, such as clinical data, genomic data, environmental data, behav-

ioral data, etc. However, health research and innovation face many challenges and barriers in accessing and utilizing these data, such as the 

complexity and diversity of data types and structures, the ethical and legal issues of data privacy and consent,the lack of interoperability and 

standardization of data formats and platforms, and the scarcity of resources and expertise for data management and analysis. 

AI and big data can help overcome these challenges and barriers by providing more powerful, efficient, and scalable methods for data 
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collection, analysis, and sharing. 

For example, AI and big data can help automate and streamline the data collection process by using sensors, mobile devices,or online 

platforms to capture and transmit data from different sources and locations. 

AI and big data can also help process and analyze large volumes of complex and heterogeneous data by using machine learning, deep 

learning,or natural language processing to extract and synthesize information, knowledge,or insights. AI and big data can also help share and 

disseminate the data and findings by using cloud computing, blockchain, or open access platforms to store and distribute data or publications. 

AI and big data can also help generate new insights, discoveries, and solutions for health problems, as well as accelerate the develop-

ment and testing of new drugs and devices. For example, AI and big data can help analyze genomic data, which is the information encoded 

in the DNA of living organisms, to understand the genetic basis of diseases, identify biomarkers, and design personalized therapies. AI and 

big data can also help discover new drugs and devices by screening large libraries of compounds or materials, predicting their properties and 

interactions, and optimizing their synthesis and formulation. AI and big data can also help conduct clinical trials, which are experiments that 

test the safety and efficacy of new drugs and devices on human subjects, by recruiting participants, monitoring their outcomes, and analyzing 

their data. 

Some examples of AI and big data applications in health research and innovation are:

Deep Genomics: a biotechnology company that uses deep learning to analyze genomic data and discover new therapies for genetic dis-

eases. Benevolent AI: a pharmaceutical company that uses machine learning to discover new drugs for various diseases, such as Parkinson’s 

disease, Alzheimer’s disease, and COVID-19. Verily: a life sciences company that uses machine learning to develop new devices for health 

monitoring, diagnosis,and treatment,such as smart contact lenses, glucose-sensing implants, and surgical robots. Antidote: a digital health 

company that uses natural language processing to match patients with clinical trials based on their eligibility criteria. WHO: a global health 

organization that uses AI and big data to support its health research and innovation activities,such as conducting systematic reviews, develop-

ing clinical guidelines,monitoring global health trends,responding to public health emergencies,etc[22-23]. 

These applications show how AI and big data can enhance health research and innovation by providing more powerful,efficient,and 

scalable methods for data-driven discovery and development. However, AI and big data also pose ethical,legal, social, and technical chal-

lenges and risks that need to be addressed and mitigated. These challenges and risks include: The protection of intellectual property rights 

of health data or innovations: AI and big data may create or use health data or innovations that may be subject to intellectual property rights 

or claims by different parties or entities. This may create conflicts or disputes over the ownership or use of these data or innovations. The as-

surance of quality and validity of health research or innovations: AI and big data may produce or use health research or innovations that may 

have errors or limitations in their design, development, deployment, or use. This may compromise their quality or validity for scientific or 

clinical purposes. The prevention of bias and discrimination in health research or innovations: AI and big data may reflect or amplify existing 

biases or inequalities in health research or innovations that may affect their outcomes or impacts for different individuals or groups based on 

their gender, age, ethnicity, income, education, location, etc. This may lead to unfair or unjust research or innovations for different individuals 

or groups. The accountability and responsibility for health research or innovations: AI and big data may have complex or opaque processes or 

mechanisms that may challenge the attribution or explanation of their research or innovations for different stakeholders. This may raise ques-

tions about who is liable or accountable for the consequences or harms caused by these research or innovations. 

These challenges and risks require ethical and legal frameworks for AI and big data for health research and innovation that are based 

on human values and principles. These frameworks should involve the collaboration and consultation of all relevant stakeholders. These 

frameworks should also be adaptable and responsive to the changing needs and contexts of health research and innovation in the 21st century. 

Applications and Impacts of AI and Big Data in Health Systems and Policies

A third aspect of health management that can be revolutionized by AI and big data is health systems and policies, which refer to the 

structures and processes that govern the organization, financing, and delivery of health services and resources to achieve health goals and 
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objectives. Health systems and policies involve various actors and stakeholders, such as governments, health care providers, researchers, 

technology companies, civil society organizations, and patients and communities. Health systems and policies also involve various functions 

and dimensions, such as governance, regulation, financing, planning, monitoring, evaluation, and accountability[24]. 

AI and big data can transform health systems and policies by enabling data-driven decision making and resource allocation. Health 

systems and policies require a large amount of information and evidence to support the formulation, implementation, and evaluation of health 

strategies and interventions. However, health systems and policies face many challenges and barriers in accessing and utilizing this informa-

tion and evidence, such as the lack of timely, accurate, relevant, and actionable data; the difficulty of integrating and synthesizing data from 

different sources and levels; the complexity of measuring and comparing health outcomes and impacts;and the resistance of changing existing 

practices and behaviors. 

AI and big data can help overcome these challenges and barriers by providing real-time information, feedback, and recommendations. 

For example,AI and big data can help monitor and evaluate the health status and outcomes of populations and subgroups, as well as the per-

formance and impact of health programs and interventions. AI and big data can also help detect and respond to public health threats, such as 

infectious diseases,epidemics,or bioterrorism. AI and big data can also help manage and allocate health resources and services,such as human 

resources, financial resources, medical supplies, or health facilities. 

Some examples of AI and big data applications in health systems and policies are: BlueDot: a public health company that uses ma-

chine learning and natural language processing to analyze global data sources, such as news reports, social media, flight records,etc.,to track 

and predict the spread of infectious diseases. Health Catalyst: a data analytics company that uses machine learning to provide data-driven 

insights and solutions for health system improvement,such as reducing costs,improving quality,enhancing patient safety,etc. . Wadhwani 

AI: a non-profit research institute that uses machine learning to develop AI solutions for social good,such as improving maternal and child 

health,reducing tuberculosis burden,enhancing crop yields,etc. . PATH: a global health organization that uses digital technologies,such as sen-

sors, mobile devices,cloud computing,etc.,to improve health system strengthening, such as improving supply chain management,enhancing 

data quality and use, increasing access to essential medicines, etc. WHO: a global health organization that uses AI and big data to support its 

health system and policy activities, such as developing ethical and governance frameworks for AI for health¹, providing technical guidance 

and assistance for digital health¹,monitoring global health trends and indicators, responding to public health emergencies,etc[25-26]. These 

applications show how AI and big data can transform health systems and policies by providing more timely,accurate,relevant,and actionable 

information for decision making and resource allocation. 

However, AI and big data also pose ethical,legal,social,and technical challenges and risks that need to be addressed and mitigated. 

These challenges and risks include: The protection of human rights and dignity of patients and communities: AI and big data may affect the 

autonomy, privacy, consent, or participation of patients or communities in their health care or research. This may undermine their rights or 

interests in their health or well-being. The respect for professional values and norms of health care providers and researchers: AI and big data 

may challenge the roles, responsibilities, or competencies of health care providers or researchers in their practice or conduct. This may affect 

their values or norms, such as trust, empathy, or integrity. The prevention of harm or abuse of AI systems: AI systems may have vulnerabili-

ties or weaknesses that may expose them to potential harm or abuse by unauthorized parties or malicious actors. This may compromise their 

security, reliability, or performance. The promotion of equity and justice in health systems and policies: AI systems may create or exacerbate 

existing disparities or inequalities in health systems or policies that may affect the access, quality, or outcomes of health services or resources 

for different individuals or groups. This may lead to unfair or unjust distribution of benefits or burdens of AI systems. These challenges and 

risks require ethical and legal frameworks for AI and big data for health systems and policies that are based on human values and principles. 

These frameworks should involve the collaboration and consultation of all relevant stakeholders. These frameworks should also be adaptable 

and responsive to the changing needs and contexts of health systems and policies in the 21st century. 

Conclusion

AI and big data are powerful technologies that can revolutionize health management by enabling personalized, preventive, and predic-
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tive medicine; enhancing health research and innovation; and transforming health systems and policies. These technologies can provide more 

accurate, timely, convenient, and personalized health services and interventions for patients and health care professionals; generate more 

powerful, efficient, and scalable methods for data-driven discovery and development of new solutions for health problems; and provide more 

timely, accurate, relevant, and actionable information for decision making and resource allocation for health systems and policies. AI and big 

data can improve the health outcomes and well-being of millions of people around the world. 

However, AI and big data also pose ethical, legal, social, and technical challenges and risks that need to be addressed and mitigated. 

These challenges and risks include the protection of human rights and dignity, the respect for privacy and consent, the prevention of bias and 

discrimination, the assurance of safety and quality, the accountability and responsibility, the regulation and governance, and the promotion 

of equity and justice. These challenges and risks are transnational in nature, as capturing, sharing, and using data generated or used by these 

technologies goes beyond national boundaries. Moreover, these challenges and risks are dynamic in nature, as these technologies are con-

stantly evolving and changing. 

Therefore, it is essential to develop and implement ethical and governance frameworks for AI and big data for health that are based on 

human values and principles. These frameworks should involve the collaboration and consultation of all relevant stakeholders. These frame-

works should also be adaptable and responsive to the changing needs and contexts of health management in the 21st century. 

Some of the main points that have been discussed in this article are:AI and big data can improve the quality and efficiency of health 

care delivery by enabling personalized, preventive, and predictive medicine. These are three types of medicine that aim to provide more cus-

tomized, proactive, and anticipatory health care services and interventions for patients based on their individual characteristics and needs. AI 

and big data can enhance health research and innovation by facilitating data collection, analysis, and sharing. These are essential processes 

for generating and applying new knowledge and solutions for health problems. AI and big data can also help generate new insights, discover-

ies, and solutions for health problems, as well as accelerate the development and testing of new drugs and devices. AI and big data can trans-

form health systems and policies by enabling data-driven decision making and resource allocation. These are crucial functions for supporting 

the formulation, implementation, and evaluation of health strategies and interventions. AI and big data can also help monitor and evaluate the 

health status and outcomes of populations and subgroups, as well as the performance and impact of health programs and interventions. AI 

and big data also pose ethical, legal, social, and technical challenges and risks that need to be addressed and mitigated. These challenges and 

risks include the protection of human rights and dignity, the respect for privacy and consent, the prevention of bias and discrimination, the 

assurance of safety and quality, the accountability and responsibility, the regulation and governance, and the promotion of equity and justice. 

Some of the recommendations or suggestions that have been provided in this article are:Conduct more empirical studies and evalua-

tions on the impact and outcomes of AI and big data applications in health management, especially in low- and middle-income countries or 

marginalized populations. Develop more inclusive or representative data sets or algorithms that reflect the diversity or complexity of health 

needs, preferences, or values of different individuals or groups. Establish more standards or guidelines for the development, deployment, or 

use of AI or big data for health that ensure ethical compliance, quality assurance, data security, or user feedback. Foster more education or 

awareness on the benefits or risks of AI or big data for health among health care professionals, researchers, policy makers, technology devel-

opers, or the general public. Create more platforms or mechanisms for dialogue or collaboration among different stakeholders to share best 

practices, address challenges, or promote innovation in AI or big data for health. 

AI or big data have the potential to improve the health outcomes or well-being of millions of people around the world. However, this 

potential can only be realized if ethics or human rights are put at the heart of their design, deployment, or use. By following these recommen-

dations or suggestions, we can ensure that AI or big data work for the public interest in all countries. 
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Abstract: In the process of case investigation, trace examination and forensic examination and identification can provide reliable evidence 

information, laying a good foundation for case detection. So in the process of case investigation through the application of modern trace in-

spection technology, at the same time the application of modern trace inspection technology to forensic science can effectively improve the 

efficiency and quality of case investigation. But the modern trace inspection technology applied to forensic science there are certain legal 

issues, the need for relevant personnel to take appropriate measures to deal with. In this paper, the application of modern trace inspection 

technology in forensic science and related legal issues are explained.

Keywords: Modern Trace Inspection Technology; Forensic Science; Application; Legal Issues

Introduction

Modern trace inspection technology is through the trace of the relevant theories and methods of verification of science applied to the 

case of various traces of physical evidence in the test, through the traces of the case as well as the case of human and material relations to be 

analyzed. So the trace examination technology for the apprehension of criminals, to protect social security has a very important significance. 

At the same time, forensic identification analysis is also an important part of the case analysis process, so the application of modern trace 

inspection technology in forensic science is of great significance, can provide more comprehensive and accurate information for the detection 

of cases. But the application of modern trace inspection technology in forensic science will involve certain legal issues. In this paper, we will 

analyze the role of forensic science in the application of modern trace inspection technology, and the existence of legal issues for research.

1. Modern trace inspection technology and forensic science links

Although forensic science and modern trace inspection technology belongs to different disciplines, but the two in the practice of re-

search in the process of the way and method there is a certain connection. So forensic science and modern trace inspection technology can be 

essentially summarized as a trace of the discipline, but the object of the two studies are different. Forensic science will be external forces on 

the object produced by the physical evidence known as damage, and modern trace inspection technology will be external forces on the object 

produced by the physical evidence known as traces, can be seen that there is a relatively close link between the two. Usually, traces are sus-

pects in the process of leaving clues, contains a lot of information, through the trace examination and forensic science can effectively analyze 

the suspect’s criminal motives, criminal process, criminal tools and escape routes, for the detection of the case to provide powerful informa-

tion to effectively enhance the efficiency and quality of the case detection.

2.	The	significance	of	modern	trace	inspection	technology	applied	to	forensic	science

First of all, in the process of rapid development of science and technology, modern trace inspection technology has been rapid devel-

opment, can better carry out the relevant trace inspection work. Its application to the case detection process can help public security organs 

to improve the efficiency and quality of case detection, to provide better conditions for combating crime, and effectively improve the quality 

of social security. Secondly, through the application of trace inspection technology can effectively innovate the program of case detection, so 

as to better protect the human rights of criminals. Third, due to the case investigation process, will be affected by a variety of factors that lead 

to the suspect’s information can not be determined, through the application of trace inspection technology in forensic science can better de-
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termine the suspect’s relevant information, thus enhancing the reasonableness and accuracy of forensic science testing and analysis, improve 

the level of forensic science testing and analysis, and better promote the detection of cases. Finally, China’s trace inspection technology and 

forensic science technology has been rapid development, but there are still technical incompleteness, by applying trace inspection technology 

to forensic science can effectively make up for the shortcomings of the two technologies, can better analyze the case information, to help the 

case handler for the detection of the case.

3.	Forensic	trace	inspection	technology	classification

Usually, forensic science in trace examination technology can be divided into direct traces and related traces according to the actual 

needs of forensic science perspective, can provide direct evidence and indirect evidence for the detection of cases. One of the direct traces 

refers to the forensic science examination process through the visual observation of the body to grasp the shape of the tools left behind and 

related physical traces and damage. Through these direct traces can effectively determine the suspect used in the process of crime tools. Trace 

inspection is mainly used in the case of time, location and location of the body is not clear, through the relevant traces of the test can be on 

the time of the crime, the location of the crime and the location of the body and other relevant information to determine the case to provide 

relevant references to promote the development of the case for the case to create stronger conditions for the detection of the case.

4. The application of modern trace examination techniques in forensic science

4.1 Direct Trace Inspection

Forensic science through modern testing techniques for direct trace inspection is mainly fingerprint inspection and footprint inspection. 

One of the fingerprint test is also known as the handprint test, is one of the most commonly used trace inspection techniques. Because each 

person’s fingerprints or palm prints are unique, through chemical or physical methods to extract the fingerprints and handprints left by the 

suspect information can effectively determine the number of suspects, so as to determine the number of crimes. At the same time, by compar-

ing the collected fingerprint information and palm print information with the information in the fingerprint information database, the suspect 

can be locked with high accuracy. Footprint inspection technology is to extract and analyze the footprints left by the suspects, which can 

judge the physiological characteristics of the suspects. Although the footprint information does not have uniqueness, but through the footprint 

information can be on the suspect’s gender, height and weight and other physiological information can be analyzed to effectively narrow 

the scope of the suspect, to create favorable conditions for the detection of the case. At the same time, the human foot has a more developed 

sweat gland system, forensic medicine can be extracted from the suspect’s footprints to the suspect’s sweat, so as to be able to obtain the sus-

pect’s biological information, and further lock the suspect, to help the detection of the case.

4.2 Relevant trace examination

Relevant trace examination refers to the way in the case of criminal suspects can not be examined through the body and the traces left 

behind. Relevant trace test mainly refers to the teeth test, tool trace test, vehicle trace test and disconnection trace test. First of all, dental 

impression refers to the traces left by human teeth when biting objects, dental impressions most often appear in food, but also may appear in 

the human body. Typically, a normal adult has 32 teeth, including 8 central incisors, 4 cuspids, 8 premolars and 12 molars. The teeth will also 

be arranged in an arch shape that is symmetrical between the upper and lower jaws. Each person’s teeth shape, size, tooth direction, as well 

as the shape and size of the arch of the teeth have certain characteristics, so through the dental seal test can be the same identification of the 

person, to provide clues for the detection of the case. Secondly, tool marks. Tool traces refers to the criminal suspect in the process of the use 

of tools left behind by the traces, including traces of blowing, cutting traces and prying traces, etc., through the tool traces can be analyzed to 

effectively determine the suspect’s modus operandi, the process of the crime and the tools, so as to provide a certain direction for the detec-

tion of the case. The third is the break away from the trace, break away from the trace is the crime process occurs in the break and separation 

of traces, common break away from the trace including fabric tearing traces and broken knife tip traces, etc., through the break away from 
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the trace of the examination and analysis can be further judged by the crime process. Through the relevant trace examination can effectively 

determine the crime time, location and tools, etc., to help the public security organs for case detection.

5. Modern trace examination techniques used in forensic science legal considerations

First of all, the Criminal Procedure Law clearly stipulates that in the process of women’s physical examination needs to be carried out 

by female staff or physicians. So in the actual inspection process needs to be strictly in accordance with the provisions of the law to carry out, 

to avoid violations of human rights and illegal forensics in the inspection process. So the public security organs need to configure a certain 

number of female forensic doctors and trace examiners, so that better forensic examination in the modern trace examination techniques. Sec-

ondly, the “Criminal Procedure Law” clearly stipulates that the investigation and examination of the situation need to be written into a tran-

script, and by the investigation, examination and witnesses to sign or seal. So in the forensic examination in the application of modern trace 

examination techniques need to invite witnesses to witness. At the same time in the choice of witnesses need to pay attention to: (1) do not 

have the appropriate ability to identify or can not be expressed correctly as a witness; (2) and the case has an interest in the case, may affect 

the impartiality of the case can not be used as a witness; (3) for the investigation, inspection, search and seizure of staff can not be used as a 

witness. If in the objective circumstances can not find the conditions of the person as a witness, in accordance with the “People’s Republic of 

China Criminal Procedure Law” in the relevant provisions of the transcript material, and retain the relevant activities for video. Finally, the 

need to do a good job of investigation and identification of separation. Forensic application of modern trace inspection technology process, 

personal examination records is one of the types of legal evidence, but the examination records and forensic identification results can not be 

taken between the equivalent relationship. So in the process of forensic examination need to do a good job of forensic examination process 

and forensic identification results of separation. Strictly in accordance with the “Criminal Procedure Law” and “Public Security Organs Han-

dling Criminal Cases Procedural Provisions” of the relevant requirements, and effectively do a good job of investigation and identification of 

separation, to enhance the legitimacy of evidence collection.

Conclusion

In summary, the application of modern trace inspection technology in forensic science testing is of great significance. Through the 

modern trace inspection technology and forensic examination for effective combination of evidence can be better analyzed for the detection 

of cases to provide favorable evidence to enhance the efficiency and quality of the detection of cases. However, need to pay attention to trace 

inspection technology used in forensic science need to pay attention to the legal issues, in strict accordance with the relevant legal basis for 

forensic science testing to carry out the relevant test work, and effectively enhance the legal effect of the test results.

References

[1] Hou Q, Xu JB. The legal status of forensic medicine in personal examination and the matters that should be noted [C]. 2013:602-

605.

[2] Zhai LP. On the use of trace science in forensic examination[J]. Guizhou police vocational college journal,2005,17(5):64-65. 

[3] Tang L. Research on the utilization of trace-based science in forensic science examination[J]. Legal system and society, 2016(27): 

267-268.



2023 ǀ Volume 12 ǀ Issue 4  -133-

The Follow-up Report of MRI After Transforaminal Endo-
scopic Surgery of Lumbar Disc Herniation with Spinal Steno-
sis
Limeng Sun1, Hu Yan2*, Xiao Jia1

1. Department of radiology, The Traditional Chinese Medicine hospital of Taian, Taian 271000, China.
2. Department of Spine Surgery, The Traditional Chinese Medicine hospital of Taian, Taian 271000, China.
Address correspondence and reprint requests to Hu Yan*.E-mail: Yanhu19871110@126.com

Abstract: Objective: To observe the imaging changes of MRI in the responsible disc area after modified TESSYS foraminal scopy in pa-

tients with lumbar disc herniation (LDH), and to explore the postoperative repair time of the responsible disc area, so as to provide imaging 

reference for the rehabilitation plan of the patients. Materials: To investigate the VAS score and MRI imaging of patients with lumbar disc 

herniation and spinal stenosis after transforaminal endoscopic surgery, which to lay the foundation for the rehabilitation plan. Methods: Ten 

patients with lumbar disc herniation (L4/5, L5/S1) with spinal stenosis were collected and followed up by MRI and the VAS score on 1 week, 

1 month, 4 months and 6 months after transforaminal endoscopic surgery. Results: The VAS score were significantly lower than those before 

operation (P < 0.01) on 1 week, 1 month, 4 months and 6 months after transforaminal endoscopic surgery. There was no statistical signifi-

cance in the VAS score (P > 0.05) on 1 month and 6 months after operation. The high signal could be seen around the intervertebral foramen 

and nerve roots on the operation site on 1 week, 1 month and 4 months after operation Which disappeared at 6 months after operation. Con-

clusion: The symptoms of low back and leg pain in patients with lumbar disc herniation and spinal canal stenosis disappeared after 1 month, 

while the inflammatory reaction symptoms of intervertebral foramen and nerve root were disappeared on 6 months.

Keywords: Lumbar Disc Herniation; Spinal Stenosis; Transforaminal Endoscopic Surgery; MRI

Introduction

Lumbar disc herniation (LDH) is one of the main causes of lumbar and leg pain in modern people [1]. At present, due to the gradual 

trend of minimally invasive spinal surgery, foraminoscopy has become one of the mainstream minimally invasive surgical methods for LDH 

due to its remarkable efficacy and low trauma. At present, the most widely used TESSYS technology is created by Yeung et al [2] and Hoog-

land[3]. The improved TESSYS technology is formed on the basis of TESSYS technology by improving the puncture point, adjusting the 

puncture Angle, decompression range, etc. Its advantage is to reduce the incidence of postoperative complications while taking into account 

the stability of the spine [4]. At present, although there are various scoring scales to evaluate the recovery of patients, there is a lack of criteria 

for judging the postoperative recovery of the responsible disc area [5]. Therefore, this study conducted MRI examination of the responsible 

disc area after lumbar disc herniation through foraminoscopy to observe the changes in the signal of the responsible disc area, so as to pro-

vide imaging data for the postoperative repair time of the responsible disc area.

1. Material and Method

Thirty patients with lumbar disc herniation accompanied with spinal stenosis hospitalized in our department from January 2019 to Jan-

uary 2021 were selected as the study objects, including 16 males and 14 females, with the minimum age being 30, the maximum age being 

45, and the average age being 35. All patients had L5/S1 disc herniation, VAS scores and MRI examinations were performed at 1 week, 1 

month, 4 months and 6 months after surgery as required.

Inclusion criteria: Reference was made to the relevant diagnostic criteria of Practical Osteology [6] and Clinical Diagnosis and Treat-

ment Guidelines. Branch of Orthopedics [7] :

① Typical clinical manifestations: low back pain with radiative leg pain (root pain), leg numbness, waist stiffness, limited movement, 

and occasional changes in urination and defecation function in severe cases;



-134-  Advanced Emergency Medicine

② Physical examination: lumbar tenderness with radiating pain of lower limbs, positive for straight leg elevation test or Lasegue sign 

or straight leg elevation enhancement test Bragard sign, abnormal neurological function (sensory, muscular, reflex).

③ Related imaging examination: The diagnosis can be confirmed according to the anterolateral and lateral lumbar spine, hyperexten-

sion and flexion film, lumbar disc CT scan and lumbar MRI scan.

Exclusion criteria [8] : ① degenerative slip or instability; ② Congenital spinal stenosis; ③ Have a history of lumbar surgery, fracture, 

tumor, infection, diabetes and vasculitis; ④ Pregnant women and people with mental illness.

2. Surgical methods [9] 

All patients were treated with German Maxmorespine foraminal lens equipment, and modified TESSYS technology was adopted in the 

surgical methods.

Postoperative treatment: bed rest, wake up with waist protection after 24h, no bending, 3-7 days without any abnormal discharge. Waist 

circumference protection for 4 weeks after discharge, heavy physical labor is prohibited for 6 months.

Follow-up: All patients underwent MRI examination at 1 week, 1 month, 4 months and 6 months after discharge.

3. Statistical methods

Data were analyzed by SPSS 18.0 statistical software, expressed as mean ± standard deviation (X¯±sd), and one-way analysis of vari-

ance was used for inter-group comparison. P < 0.05 would have significant statistical significance, P < 0.01 would have extremely significant 

statistical significance.

4. Results

The average operation time was 70min, the average blood loss was 20 ml, and the average postoperative hospitalization was 5 days. 

Follow-up was 6 months.

The VAS scores of the 30 patients were shown in Table 1.The results showed that the VAS scores of 30 patients at 1 week, 1 month, 4 

months and 6 months after surgery were all lower than those before surgery, with significant statistical significance (P < 0.01). The VAS score 

at 1 month, 4 months and 6 months after the operation was significantly improved compared with that at 1 week after the operation (P < 0.05), 

while the VAS score at 1 month, 4 months after the operation and that at 6 months after the operation was not statistically significant (P > 0.05). 

None of the 30 patients had dural sac tears during the operation. There were no serious complications such as intervertebral space infection 

and permanent nerve root injury.

Time Number of patients VAS score

Pre-operation
1 week after surgery

1 M after surgery
4 M after surgery               
6 M after surgery

30
30
30
30
30

6.15±0.324
3.20±0.041 ＊

1.43±0.021 ＊ Δ
1.41±0.031 ＊ Δ

1.21±0.019 ＊ Δ ★

Table 1

Compared with pre-operation, * p < 0.01, which had significant statistical significance; The Δp < 0.05 was statistically significant at 1 

month, 6 months and 1 week after surgery. 6 months after surgery and 1 month after surgery, ★ p > 0.05, no statistical significance.

 MRI findings of patients (Fig. 1-Fig. 4)
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Fig. 1 MRI T1 image and Fig.2 MRI T2 imge (red arrow represents the operative area)

A: Before surgery; B: 1 week after surgery; C: 1 month after surgery; D: 4 months after surgery; E: 6 months after surgery;

A: Preoperative MRI showed that the L5/S1 intervertebral disc was prolapsed and free, and the spinal canal was obviously occupied.

B-E: From 1 week to 6 months after surgery, MRI showed that the protruded free disc with L5/S1 was removed surgically, the vertebral 

canal occupied disappeared, and no new disc herniation was observed.

Figure 3 MRI SPAIR(red arrow indicates the operative area)

A: Before surgery; B: 1 week after surgery; C: 1 month after surgery; D: 4 months after surgery; E: 6 months after surgery;

A: Preoperative MRI showed that the L5 ~ S1 intervertebral disc was prolapsed and free, and the spinal canal was obviously occupied.

B-E: From 1 week to 6 months after surgery, MRI showed that L5-S1 prolapsed free discs were surgically removed,vertebral canal oc-

cupying disappeared, no new disc herniation, and the signal at the posterior margin of the intervertebral space was equal or low.

Fig. 4 MRI cross section (red arrow indicates the operative area)

A: Before surgery; B: 1 week after surgery; C: 1 month after surgery; D: 4 months after surgery; E: 6 months after surgery;

A: Preoperative MRI showed that the L5/S1 intervertebral disc was prolapsed and free, and the spinal canal was obviously occupied.

B-D: From 1 week to 4 months after surgery, high signals can still be seen in the operating area of the duty disc.

E: 6 months after surgery, the high signal in the operating area of the duty disc disappeared, presenting equal or low signal.

5. Discussion

LDH is a kind of fibrous annulus injury and rupture caused by lumbar intervertebral disc degeneration, inflammation and abnormal 
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stress in different degrees. As a result, the intervertebral disc, nucleus pulposus and cartilaginous endplate protrude in the spinal canal and 

come into contact with the blood environment, stimulating or oppressing adjacent spinal nerve roots [10] and provoking human immune re-

sponse. Spinal lesions causing a range of symptoms such as back and leg pain.

In 2002, the TESSYS technology proposed by Professor Hoogland [11] in Germany expanded the surgical path from the Kambin safety 

triangle to the formed foramen. Zhu Kai et al. [12] summarized the steps as puncture, placement of working channels and endoscopic oper-

ation. Since then, many surgeons have improved surgical methods in terms of puncture point selection, puncture Angle, puncture needle 

location and other aspects based on the basic principles of TESSYS technology of predecessors. For example, Bai Yibing et al. [13,14] proposed 

“Broad Easy Immediate Surgery”. This is to replace targeted disc removal with complete relief of nerve root compression. Among them, the 

modified TESSYS technology adopted in this study has significant advantages in terms of anesthesia risk, traction damage to nerve roots and 

dural sac, and postoperative scar tissue formation.

In order to study the repair of intraoperative wound, the VAS score and MRI findings of lumbar disc herniation were observed after fo-

raminioscopy. The results showed that the VAS scores of all patients were lower before surgery, 1 week after surgery, 1 month after surgery, 

4 months after surgery, and 6 months after surgery, with statistically significant comparison (P < 0.01). There was no statistical significance in 

VAS scores at 1 month, 4 months and 6 months after the operation (P > 0.05), indicating that the clinical symptoms of the patient were signif-

icantly relieved immediately after the operation, and basically disappeared 1 month after the operation. MRI sagittal T1, T2 and lipid-pressure 

sequences showed L5-S1 prolapse from 1 week to 6 months after surgery, free intervertebral disc disappeared, vertebral canal space disap-

peared, and no new intervertebral disc herniation. Transsectional MRI scan showed that T2 hypersignal was still visible in the operating area 

of the responsible disc from 1 week to 4 months after surgery, and the hypersignal disappeared in the operating area of the responsible disc 6 

months after surgery, indicating that the inflammatory response around the foramen and nerve roots disappeared 6 months after surgery.

The study showed that the VAS score showed that the clinical symptoms of the patient tended to be stable 1 month after the operation, 

while MRI showed that the operative area signal of the patient was stable 6 months after the operation, and the patient avoided strenuous ac-

tivities and carried out effective rehabilitation exercises within 6 months to prevent the recurrence of the disease.

However, there are some shortcomings in this study. First, there is a lack of long-term follow-up studies with large samples, which may 

lead to the bias of research results. Secondly, the follow-up time of this study is limited, and longer follow-up may be required to compre-

hensively and accurately evaluate the recovery time and intensity of patients with modified TESSYS after surgery. Finally, with the further 

development of spinal foraminoscopy, evidence-based medicine is also needed for the stability of postoperative spinal biomechanics.
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