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Objective: To construct a contemporaneous symptom co-occurrence network of patients with lumbar disc herniation (LDH) to extract
symptom clusters and identify core and bridge symptoms using network analysis.

Methods: A questionnaire was administered to 312 LDH patients hospitalized in a tertiary-level hospital in Hubei Province from
September 21, 2024, to March 31, 2025, using convenience sampling. Instruments included a general information questionnaire, the
Japanese Orthopaedic Association’s Low Back Pain Assessment Scale (JOA), the Visual Analogue Scale (VAS), and the Self-Rating
Anxiety Scale (SAS). Symptomatic data were collected and downscaled using exploratory factor analysis to reduce dimensionality and
extract symptom clusters with intrinsic associations. The symptom network was constructed using R, relationships between symptoms
were analyzed, and centrality indices were calculated to identify key symptom nodes.

Results: Exploratory factor analysis extracted four symptom clusters. They were the symptom cluster of limited lumbar mobility
function, the symptom cluster of limited lower extremity mobility function, the symptom cluster of abnormal distal limb sensation, and
the symptom cluster of lower extremity motor coordination disorder. The top three symptoms for node strength were Difficulty
standing (rs = 5.72), Difficulty walking (rs = 5.43), and Difficulty turning over (rs = 5.35); the top three for bridge strength were
Difficulty standing (rs = 4.58), walking ability (rs = 4.49), and Difficulty walking (rs = 4.37).

Conclusion: Difficulty standing, Difficulty walking, and Difficulty turning are the most central symptoms in LDH patients, while
Difficulty standing, walking ability, and Difficulty walking are bridge symptoms.

Keywords: lumbar disc herniation, intervertebral disc degeneration, low back pain, network analysis, contemporaneous network, core

symptoms, nursing

Lumbar Disc Herniation (LDH) is a highly prevalent degenerative disease of the spine and is one of the leading causes of lower
back pain and sciatica,' Epidemiologic data show that about 540 million people worldwide suffer from low back pain.? of which
LDH is one of the major causes,™ significantly affecting patients’ functional status, quality of life and causing socioeconomic
burden.>® The clinical manifestations of LDH are complex and varied.'® In addition to the typical low back pain, it is often
accompanied by clinical symptoms such as lower limb numbness, sensory abnormality,'' muscle weakness, gait abnormality, and
even dysfunction of urinary and defecatory functions.'?** These symptoms do not exist in isolation, but are interrelated and
interact with each other to form a complex clinical syndrome. However, traditional studies have primarily focused on assessing
single symptoms or linear association analysis studies.'> Although such studies provide basic data, they fail to adequately reveal
the underlying, nonlinear structure of interactions among these complex symptoms, especially the identification of core
symptoms (those that have the most significant impact on the entire symptom cluster) and bridge symptoms (key symptoms
that connect different symptom clusters and may exacerbate the overall burden).'® This lack of understanding of the dynamic
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network relationships between symptoms constitutes an essential gap in the current literature, limiting our understanding of the
overall burden of LDH symptom clusters and their underlying mechanisms of action. In recent years, network analysis methods
have demonstrated unique strengths in understanding symptom interactions in complex disorders (eg, fibromyalgia, depression,
cancer-related symptom clusters), revealing core and bridging symptoms and their critical roles in sustaining symptom clusters,
which are difficult to capture with traditional methods. However, a dearth of studies in the field of LDH has applied network
analysis systems to explore the complex relationships among contemporaneous symptoms. Given the aforementioned research
gaps and the potential of network analysis in complex symptom research, this study aimed to apply network analysis, an
emerging computational method, to assess the symptom occurrence status and symptom clusters of patients with LDH, to
construct a network of contemporaneous symptoms that can intuitively reflect the complex interactions among the symptoms,
and to analyze the network centrality metrics (eg, strength centrality, proximity centrality, mediator centrality). This approach
provides a new perspective to understand the complexity of LDH symptoms, revealing which symptoms are central to the overall
network and which symptoms are key hubs connecting different symptom clusters, thus providing a more comprehensive
assessment of the patterns of symptom interactions and their contribution to the overall disease burden. The results of this study
not only help to deepen the understanding of the synergistic mechanism of symptoms in the pathophysiological process of LDH,
but also aim to provide a direct reference for clinical healthcare professionals to construct precise symptom management
programs based on the key targets of the symptom network.'”2°

Objects and Methods

Subjects
This cross-sectional study enrolled patients with lumbar disc herniation (LDH) at a tertiary hospital in Wuhan
(September 21, 2024-March 31, 2025) via convenience sampling.

Inclusion Criteria

A herniated disc that meets the diagnostic criteria of the 2021 Clinical Practice Guidelines for Rehabilitation in
Traditional Chinese Medicine - Low Back Pain (Lumbar Disc Herniation) for typical clinical symptoms (low back
pain and/or radiating pain in the lower extremities) or corresponding radicular signs, as well as imaging confirmation of
the herniated disc.> Age 18-80 years;> Informed consent from patients/families and voluntary participation.

Exclusion Criteria

(1) Severe cardiovascular/cerebrovascular or life-threatening comorbidities; (2) Significant memory loss, psychiatric dis-
orders, or impaired consciousness. The sample size of this study was determined by the cross-sectional sample size formula:
n [Za/2(1-p) p]/62, with a taken as 0.05 and the tolerance error  taken as 0.05. The pre-test yielded a symptom incidence rate
of P =0.8. Considering the 20% loss-to-follow-up rate, at least 152 cases should have been included in the sample. The final
sample size of this study was 312 cases. This study has been approved by the Medical Ethics Committee of the University of
South China (Approval Number: 2024HLSCO070), with the approval date being September 18, 2024.

Research Methodology
Survey Instrument
General Information Questionnaire
Researcher-designed, it collected socio-demographic data (gender, age, BMI, education, residence, and payment method)
and disease-related data (family history, smoking history, and exercise frequency).
The Japanese Orthopaedic Association Low Back Pain Assessment Scale (JOA), developed in 2007 and translated

into Chinese by Min Yao et al*' in 2018, assesses low back pain severity.*? It comprises three domains:** self-perceived
symptoms, clinical signs, and daily life (score range: 0-29). Lower scores indicate greater dysfunction.

The Cronbach’s alpha coefficient of this scale in this study was 0.86.

Visual Analogue Scale (VAS)
The scale consists mainly of a straight line, which is usually 100 millimeters (mm) in length, or a simplified version using a 10-
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centimeter (cm) line.** For clinical use in China, a 10-cm vernier scale is more commonly used, with 10 scales on one side and “0”
and “10” marks at each end. One end of the line represents “no pain at all,” and the other end represents “the most severe pain
imaginable” or “pain to the extreme.”

Self-Rating Anxiety Scale (SAS)

The scale was compiled by Zung of Duke University School of Medicine in 19712

and includes 20 items, of which 15 are
positively scored and five are negatively scored. A scale of 1 to 4 was used, and the scores of the 20 items on the scale were
summed to obtain a crude score. The raw scores of the questions and the total score were then multiplied by 1.25k to get the
standardized scores of the questions and the total score. A total standardized score <50 was regarded as having no anxiety
disorder, and a total standardized score >50 or more was considered to have an anxiety disorder. The score between 50 and 62
(including 50 and 62) was regarded as having a mild anxiety disorder, and the score >62 was considered as having a severe
anxiety disorder.To clarify, the assessment of anxiety in this study was conducted exclusively through the self-reported SAS
questionnaire. A comprehensive psychiatric evaluation was not part of the study protocol.

Data Collection Method

Before this study was conducted, two graduate students and one undergraduate student who participated in this investigation
were systematically trained to clarify the purpose of this study and the survey method. Before the survey, the investigator
explained the purpose and significance of the study to the patients, obtained their consent, and had them sign the informed
consent form. The investigator then thoroughly explained the meaning of each entry to the patients to ensure that they filled it
out based on a clear understanding. During the survey process, the investigator answered patients’ questions on the spot. The
questionnaires were collected and checked on the spot, and any omissions and errors were confirmed immediately to minimize
the number of invalid questionnaires. This survey was completed on the patient’s admission to the hospital. Three hundred
seventeen questionnaires were distributed in this study, of which 312 were valid, yielding an effective response rate of 98.4%.

Statistical Methods

SPSS 27.0 and R 4.4.2 software were used for data entry and analysis. Count data are presented as frequencies/
percentages; measures obeying normal distribution were described using ('x +s), and measures not obeying normal
distribution were expressed as medians, with the mean as the reference index; in this study, symptom clusters were
extracted, and network analysis was performed for symptoms with symptom prevalence > 20%.?” Symptom clusters were
extracted using principal component analysis in exploratory factor analysis combined with maximum variance orthogonal
rotation, and at least two or more symptoms with factor loadings >0.4 were included within each factor.'®*® Network
analysis was performed using the qgraph package in R software to construct the symptom network,'**’ Spearman
correlation analysis was used to describe the relationship between symptoms, and the Fruchterman-Reingold force-
guided layout was used to place the node with the strongest correlation in the center of the network;*°>? standardization
was performed for the JOA-related entries, VAS scores and SAS scores processed to construct the nodes with symptoms
as the network, the lines between the nodes are the edges of the network, the thicker the edges, the darker the color
represents the stronger correlation between the symptoms.>* The centrality indices of the network model were calculated:
Strength, Betweenness, and Closeness.***> Strength is the sum of the absolute values of the correlation coefficient
weights of the edges, and the greater the strength, the stronger the ability of the symptom to influence other symptoms.*®
Closeness is the reciprocal distance between the symptom and other symptoms, and a symptom with a high Closeness is
located in the network’s core. Betweenness is the number of times the symptom is an intermediary connecting other
symptoms in the network.>’* When the numerical ordering of the three centrality metrics was inconsistent, the result
prevailed based on the ordering of the intensity. The boot-net package was used to detect the correlation between the new
dataset and the centrality indicators in the original dataset after reducing the sample size in the network,*** and the
correlation stability coefficient (CS) was calculated.'>*' It is usually considered that the correlation stability coefficient
should be at least 0.25;'>** a nonparametric bootstrap was used to calculate the 95% confidence intervals for the edge
weights, and the narrower the resulting confidence intervals were, the more accurate the estimation of the edge weights.**
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Results
General information of the study subjects: See Table 1.

Symptom Incidence and Symptom Cluster Extraction of Patients with Lumbar Disc

Herniation

The top 3 patient symptoms were lumbar pain (84.9%), lower extremity pain and numbness (79.8%). Difficulty sitting for
a prolonged period (1 hour) (78.8%), and the symptom with a symptom incidence of <20% of patient symptoms was limited
bladder function (15.1%). Exploratory factor analysis was performed on the 14 symptoms with an incidence of >20% in this
study, and the KMO value was 0.858, which indicated that it was suitable for factor analysis. The Bartlett’s test of sphericity
showed y*=1835.759, P<0.01. A total of 4 common factors with eigenvalues >1 were extracted in this study, and the cumulative
variance contribution rate was 66.475%. Based on the common characteristics of symptoms, the four common factors were
named the lumbar activity function limitation symptom group, the lower limb activity function limitation symptom group, the
abnormal distal limb sensation symptom group, and the lower extremity motor coordination disorder symptom group. The results
of symptom incidence and symptom exploratory factor analysis in patients with lumbar disc herniation are shown in Table 2.

Network Analysis of Contemporaneous Symptoms in Lumbar Disc Herniation Patients

Edge weight correlation coefficients and node predictability analysis. Based on the edge weight correlation coefficients of
the 15 symptoms included, a biased correlation network model was constructed, see Figure 1. The network-specific edge
weight correlation coefficients are shown in Table 3. According to the results of the visual network analysis and the edge
weight values, the strongest positive correlations among the top 3 were walking ability and walking Difficulty (D2-B3),
sitting Difficulty and lifting Difficulty (A4-AS), and Difficulty standing - Difficulty walking (B1-B3). The top 3 strongest
negative correlations were pain level-difficulty standing (E-B1), pain level-walking ability (E-D2), and pain level-
difficulty turning over (E-A2). Node predictability is represented by the circle around the periphery of the node in

Table | Subject Characteristics (n=312)

Variable Number of Cases Group Cases (Percentage, %)
Gender Male 139 (44.55)
Female 173 (54.44)
Age (years, x *s) 52.20+15.98
BMI Thin (<18) 9 (2.88)
Normal (18-24) 152 (48.71)
Overweight (>24) 151 (48.39)
Educational level Elementary school and below 55 (17.62)
Junior high school 52 (16.66)
High school and above 205 (65.70)
City 240 (76.92)
Area of residence Urban 48 (15.38)
Rural 24 (7.69)
Hospitalization payment method | Medical insurance 304 (97.43)
Self-pay 8 (2.56)
Family history Yes 65 (20.83)
None 247 (79.16)
Smoking Yes 57 (18.26)
None 255 (81.73)
Exercise Never 94 (30.12)
Occasionally (<3 times per week) | 137 (43.91)
Frequently (23 times per week) 81 (25.96)
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Table 2 Results of Exploratory Factor Analysis of Symptom Prevalence and Symptoms in Patients with Lumbar Disc Herniation

Symptom Group Symptoms Number of Factor Loadings
Cases [Cases
(Percentage, %)] Factor Factor Factor Factor
1 2 3 4
Symptom cluster Functional limitation of lumbar Low back pain 265 (84.93) 0.714
mobility Difficulty turning over 151 (48.39) 0.648
Difficulty in forward bending 201 (64.42) 0.593
Difficulty sitting 246 (78.84) 0.806
Difficulty in lifting 244 (78.20) 0.766
Symptom cluster of functional limitation of lower limb | Difficulty in standing 141 (45.19) 0.669
movement Difficulty in washing 89 (28.52) 0.64
Difficulty walking 165 (52.88) 0.772
Symptom cluster of distal limb sensory abnormalities | Straight leg raising test 145 (46.47) 0.684
Sensation 158 (50.64) 0.88
Muscle strength 85 (27.24) 0.667
Lower Extremity Motor Coordination Disorder Lower extremity pain and or numbness | 249 (79.8) 0.91
Symptom Cluster Walking ability 218 (69.9) 0.434

Figure 1, and the top 3 nodes, as measured by root mean square error (RMSE) values, were lower extremity pain and or
numbness (0.86), anxiety depression (0.84), and low back pain (0.83).

Analysis of Core and Bridge Symptoms According to the results of the node centrality index, the symptoms in the top
3 of intensity were: Difficulty in standing (rs = 5.72), difficulty in walking (s = 5.43), and Difficulty in turning over (rs =
5.35); the symptoms in the top 3 of intermediary centrality were: Difficulty in turning over (rb = 6), Difficulty in walking

Figure | Symptom network of patients with lumbar disc herniation. Symptoms of functional limitation of lumbar motion. Al Low back pain, A2 Difficulty in turning over, A3
Difficulty in forward bending, A4 Difficulty sitting, A5 Difficulty lifting objects. Symptom clusters of functional limitation of lower limb movement. Bl, Difficulty standing; B2,
Difficulty washing; B3 Difficulty walking. Symptom cluster of distal limb sensory abnormalities. Cl Straight leg raising test; C2 Sensation; C3 muscle strength. Lower
Extremity Motor Coordination Disorder Symptom Cluster. DI Lower extremity pain and or numbness D2 Walking ability. Other symptoms. E Pain level. F Anxiety and
depression.
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Table 3 Edge Weight Values in the Symptom Network

Item | Al DI D2 Cl Cc2 C3 A2 Bl B2 A3 A4 A5 B3 E F
Al |

Dl 0.04 |

D2 0.12 0.43 |

Cl 0.14 0.24 0.47 |

C2 0.09 0.25 0.38 0.51 |
C3 0.16 0.28 0.37 0.32 0.48 |
A2 0.47 0.11 0.26 0.3 0.21 0.29 |
BI 0.25 0.18 0.49 0.42 0.31 0.41 0.48 |
B2 0.19 0.06 0.36 0.32 0.13 0.23 0.4 0.5 |
A3 0.37 0.03 0.28 0.27 0.20 0.23 0.45 0.41 0.39 |
A4 0.42 0.12 0.20 0.18 0.08 0.22 0.45 0.33 0.28 0.43 |

A5 0.36 0.11 0.22 0.20 0.17 0.20 0.49 0.35 0.26 0.48 0.65 |

B3 0.15 0.30 0.67 0.43 0.28 0.40 0.35 0.55 0.40 0.26 0.32 0.36 |

E -0.32 | -031 | -041 | —0.17 | —0.09 | -0.25 | —0.38 | 043 | —0.35 | -0.31 | —0.35 | —0.24 | —0.35 | |

F -0.23 | -0.15 | —0.15 | 0.5 | —0.10 | —0.07 | —0.22 | —0.13 | —0.13 | —0.17 | —0.31 | —0.14 | —0.14 | 045 | |

Notes: Al Low back pain, A2 Difficulty in turning over, A3 Difficulty in forward bending, A4 Difficulty sitting, A5 Difficulty lifting objects, BI Difficulty standing, B2
Difficulty washing, B3 Difficulty walking, C| Straight leg raising test, C2 Sensation, C3 muscle strength, DI Lower extremity pain and or numbness, D2 Walking ability,
E Pain level, F Anxiety and depression.

(rb = 5), and ability to walk (rb = 5); and the symptoms in the top 3 of close centrality were: Difficulty in standing (rc =
0.027), difficulty in walking (rc = 0.025), and straight leg raising test (rc = 0.025). 3 symptoms were: difficulty standing
(rc = 0.027), difficulty walking (rc = 0.025), and straight leg raise test (rc = 0.025) See Figure 2. The top 3 symptoms for
bridge strength in the results of the bridge centrality index were Difficulty standing (rs = 4.58), ability to walk (rs = 4.49),
and Difficulty walking (rs = 4.37). See Figure 3.

Network Accuracy and Stability Analysis

The 95% confidence intervals of the edge weights generated by the bootstrap method in this study (see Figure 4) indicate
that the edge weights are sufficiently accurate. The stability test results of the centrality index show, see Figure 5, that the
CS coefficient is> 0.5, indicating that the network stability is good.

Discussion
Patients with lumbar disc herniation symptoms can be categorized into four symptom clusters.

This study’s exploratory factor analysis identified four symptom clusters in patients with LDH: limitation of lumbar
mobility function, lower extremity mobility function, distal limb sensory abnormality symptom cluster, and lower
extremity motor coordination disorder symptom cluster. This classification is consistent with the multidimensional nature
of the pathogenesis of LDH. The symptom cluster of limited lumbar mobility reflects spinal dysfunction caused by
mechanical compression. In contrast, the symptom cluster of limited lower extremity mobility highlights the distal effects
of nerve root compression. The ability to walk is associated with pain and neurological function, suggesting that it is
a unique marker of functional compensation. However, research on LDH-related symptom clusters remains insufficient,
and the diversity of research methods may result in different types of symptom clusters among patients. Therefore, more
relevant studies can be conducted to explore the various symptom clusters associated with LDH, providing targeted
intervention programs for patients.

Standing Difficulty, Walking Difficulty, and Turning Difficulty are the Most Core
Symptoms in LDH Patients

The results of this study showed that among the centrality indicators of the network nodes, both intensity centrality and
mediated centrality analyses showed that Difficulty in standing, Difficulty in walking, and Difficulty in turning ranked
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Figure 2 Node Centrality Indicator. Al Low back pain, A2 Difficulty in turning over, A3 Difficulty in forward bending, A4 Difficulty sitting, A5 Difficulty lifting objects, Bl
Difficulty standing, B2 Difficulty washing, B3 Difficulty walking, C| Straight leg raising test, C2 Sensation, C3 muscle strength, D| Lower extremity pain and or numbness, D2
Walking ability, E Pain level, F Anxiety and depression.

among the top three in terms of centrality, suggesting that they occupy a central position in the symptom network. These
symptoms may exacerbate the pain-function decline vicious cycle by limiting patients’ daily activities. Therefore, the
improvement of core symptoms in the LDH contemporaneous network requires the implementation of
a multidimensional intervention strategy, which firstly enhances standing endurance through progressive resistance
training (eg, gradual transition from standing against a wall for short periods to standing independently), and secondly
improves gait stability by using a metronome-assisted gait retraining technique, and at the same time, incorporates the
ability to turn over into the ADL assessment system and designing a targeted bed transfer training. These three measures
target the core symptoms of standing Difficulty, walking Difficulty and turning Difficulty, forming a full-cycle manage-
ment program from static support to dynamic mobility, from bedside function to daily activities, and providing an
actionable clinical pathway to interrupt the vicious cycle of pain and functional decline.

Difficulty in standing, ability to walk, and Difficulty in walking are bridge symptoms in the constructed network.

Bridge strength centrality analysis showed that Difficulty standing (bridge strength = 0.42), ability to walk (bridge
strength = 0.38), and Difficulty walking (bridge strength = 0.35) were the top 3 symptoms, suggesting that these three
symptoms are key nodes connecting the three different symptom clusters in the network analysis. The symptom network
can be effectively restructured by targeting intervention on the bridge symptom, reducing the risk of other symptoms. For
standing difficulties, a graded training model from chair standing to unassisted standing to dynamic balance training can

be implemented; for walking deficits, multimodal rehabilitation can be used, combining with underwater treadmill
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Figure 3 Bridge strength centrality index. Al Low back pain, A2 Difficulty in turning over, A3 Difficulty in forward bending, A4 Difficulty sitting,A5 Difficulty lifting objects,
Bl Difficulty standing, B2 Difficulty washing, B3 Difficulty walking, C| Straight leg raising test, C2 Sensation, C3 muscle strength, DI Lower extremity pain and or numbness,
D2 Walking ability, E Pain level, F Anxiety and depression.

training to reduce joint loads, and synchronized with visual feedback training to improve the symmetry of the gait.
Quadrupod walking poles can enhance the stability of patients with walking difficulties. As the bridge symptom connects
different symptom clusters, it often serves as an essential target for intervention, and clinical staff of LDH patients should
focus on the clinical symptoms of Difficulty in standing, walking ability and Difficulty in walking as potential targets for
intervention and develop a precise intervention program. The study also showed that the top 3 strongest negative
correlations were pain level-standing difficulty (E-B1), pain level-walking ability (E-D2), and pain level-turning
difficulty (E-A2). Standing Difficulty showed the strongest negative correlation with pain level, suggesting it may
mediate the vicious cycle of pain-functional decline. However, the negative correlation between walking ability and
anxiety and depression was weaker; the high bridge strength may affect the psychological compensation mechanism.
Mechanisms. In addition, pain level was significantly negatively associated with walking ability and turning difficulties.
Anxiety and depression are positively associated with pain level, but with low centrality, and although it does not directly
occupy the core of the network, it can also drive the chronicity process of the disease by modulating the intensity of
physiological symptoms, and it also needs the attention of healthcare professionals. Daily progressive standing endurance
training from sitting to standing position, together with isometric contraction training of core muscle groups with plate
support, to strengthen the core symptom reinforcement training; nursing interventions of gait decomposition training
method can be used for those with walking ability deficits; while improving the walking function, we introduce the
positive thought stress reduction therapy (MBSR), and 2 times a week of group sessions together with home exercises to
block the anxiety-pain vicious cycle. This study provides a precise intervention framework for clinical practice from the
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Figure 4 Results of the accuracy test for edge weights.

perspective of network medicine. In the future, it can be combined with wearable devices to monitor the dynamic
changes of symptom networks in real time and realize the dynamic optimization of individualized rehabilitation
pathways.

Limitations of the Study

The cross-sectional design of this study was unable to infer the causal relationship between symptoms and symptom
clusters as well as the trend over time, and in the future, a longitudinal study can be conducted to explore the causal
relationship between symptoms with dynamic network analysis [28]; this study was a single-center study and used
a specific sampling method to collect data, and these factors may limit the generalizability and extrapolation value of the
results to some extent. In the future, if a multi-center and large sample study is conducted, it will help to further validate
and enhance the reliability and extrapolation of the results; in addition, the pathological basis of different age groups
There may be differences in the pathologic basis of varying age groups, nucleus pulposus herniation is more common in
younger patients, and degeneration, calcification, and spinal stenosis factors are more prominent in older patients; in the
future, subgroup analyses can be carried out to explore the characteristics of symptomatic networks of different age
groups in more detail; in this study, we constructed the network only from the symptomatic dimensions, and we did not
incorporate the environmental factors, such as social support, so we need to integrate the multimodal network in future
studies.
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Figure 5 Results of the stability test for centrality.

Conclusion

This study reveals for the first time that the core symptoms of LDH patients are functional impairments (Difficulty
standing, walking, and turning). Rather than pain per se through symptom network analysis, Difficulty in standing is
potentially an optimal target for intervention because of its dual roles as the core symptom and the strongest bridging
symptom; the research paradigm breaks through the limitations of the traditional linear analysis** and reveals the
interaction mechanisms among symptoms, and the classification of symptom clusters provides a framework for
individualized management, which is a key element in the study. Future research should focus on the mechanism-
driven validation of core symptoms and the clinical translation of network-oriented intervention programs.
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LDH, Lumbar Disc Herniation; JOA, Japanese Orthopaedic Association’s Low Back Pain Assessment Scale; VAS,
Visual Analogue Scale; SAS, the Self-Rating Anxiety Scale; ADL, Activities of Daily Living.

Ethics Approval and Informed Consent

The study was performed in agreement with the 1964 Helsinki Declaration and later amendments or comparable ethical
standards. Approval was obtained from the University of South China Medical Ethics Committee. Written informed
consent was obtained from all participants.

7242 e Journal of Pain Research 2025:18



Lu et al

Author Contributions

Hongping Lu and Haoke Shi are co-first authors, Xiaohong Zhang and Xinhong Yin are co-corresponding authors. All
authors made a significant contribution to the work reported, whether to the conception, study design, execution,
acquisition of data, analysis and interpretation, or all areas; took part in drafting, revising, or critically reviewing the
article; gave final approval of the version to be published; have agreed on the journal to which the article has been
submitted; and agree to be accountable for all aspects of the work.

Funding

Science Foundation of Hunan Province, China (Grant No.230SZK038), the Natural Science Foundation of Hunan
Province, China (Grant No. 2024JJ6400), Social Science Foundation of Hengyang City, Hunan Province, China
(Grant No. 2023D009), the College Students’ Innovation and Entrepreneurship Training Program of Hunan Province
(Gran No: S202210555006X), the Innovative Province Construction Project of Hunan Provincial Department of Science
and Technology (Grant No. 2021SK51704) and the Hunan Province Academic Degree and Postgraduate Education
Reform Research Project (Grant No. 2024JGYB191).

Disclosure
The authors declare that they have no competing interests in this work.

References

. Knezevic NN, Candido KD, Vlaeyen JWS, Van Zundert J, Cohen SP. Low back pain. Lancet. 2021;398(10294):78-92. doi:10.1016/S0140-
6736(21)00733-9
2. Ferreira ML, de Luca K, Haile LM. Global, regional, and national burden of low back pain, 1990-2020, its attributable risk factors, and projections
to 2050: a systematic analysis of the Global Burden of Disease Study 2021. Lancet Rheumatol. 2023;5(6):¢316—¢29. doi:10.1016/S2665-9913(23)
00098-X
. Huang Z, Tan H, Fu Y, et al. Neurotransmitter imbalance and amygdala synaptic plasticity in lumbar disc herniation-induced chronic pain and
related emotional Disturbances: a multi-omics analysis. Neuropharmacology. 2025;271:110405. doi:10.1016/j.neuropharm.2025.110405
4. Kocaman H, Yildirim H, Goksen A, Arman GM. An investigation of machine learning algorithms for the prediction of lumbar disc herniation. Med
Biol Eng Comput. 2023;61(10):2785-2795. doi:10.1007/s11517-023-02888-x
.Zhang AS, Xu A, Ansari K, et al. Lumbar Disc Herniation: diagnosis and Management. 4m J Med. 2023;136(7):645-651. doi:10.1016/].
amjmed.2023.03.024
6. Zhou M, Theologis AA, O’Connell GD. Understanding the etiopathogenesis of lumbar intervertebral disc herniation: from clinical evidence to
basic scientific research. JOR Spine. 2024;7(1):¢1289. doi:10.1002/jsp2.1289
7. Chen J, Luo Z, Liu M, et al. Thunder-fire moxibustion for lumbar disc herniation: a systematic review and meta-analysis. Medicine. 2022;101(49):
€32270. doi:10.1097/MD.0000000000032270
. Su ZH, Liu J, Yang MS, et al. Automatic Grading of Disc Herniation, Central Canal Stenosis and Nerve Roots Compression in Lumbar Magnetic
Resonance Image Diagnosis. Front Endocrinol. 2022;13:890371. doi:10.3389/fendo.2022.890371
9. Bernstein DN, Merchan N, Fear K, Rubery PT, Mesfin A. Greater Socioeconomic Disadvantage Is Associated with Worse Symptom Severity at
Initial Presentation in Patients Seeking Care for Lumbar Disc Herniation. Spine. 2021;46(7):464—471. doi:10.1097/BRS.0000000000003811
10. Ding Y, Chen JY, Yang JC, et al. Disc degeneration contributes to the denser bone in the subendplate but not the vertebral body in patients with
lumbar spinal stenosis or disc herniation. Spine J. 2023;23(1):64-71. doi:10.1016/j.spinee.2022.09.010
. Hasvik E, Haugen AJ, Grovle L. Pinprick and Light Touch Are Adequate to Establish Sensory Dysfunction in Patients with Lumbar Radicular Pain
and Disc Herniation. Clin Orthop Relat Res. 2021;479(4):651-663. doi:10.1097/CORR.0000000000001605
12. Hasvik E, Haugen AJ, Grovle L. Symptom descriptors and patterns in lumbar radicular pain caused by disc herniation: a 1-year longitudinal cohort
study. BMJ Open. 2022;12(12):¢065500. doi:10.1136/bmjopen-2022-065500
13. Kogl N, Petr O, Loscher W, Liljenqvist U, Thomé C. Lumbar Disc Herniation—the Significance of Symptom Duration for the Indication for
Surgery. Dtsch Arztebl Int. 2024;121(13):440-448. doi:10.3238/arztebl.m2024.0074
14. Oziidogru A, Canli M, Ceylan I, Kuzu S, Alkan H, Karagay B. Five Times Sit-to-Stand Test in people with non-specific chronic low back pain- a
cross-sectional test-retest reliability study. /r J Med Sci. 2023;192(4):1903-1908. doi:10.1007/s11845-022-03223-3
15. Epskamp S, Borsboom D, Fried EI. Estimating psychological networks and their accuracy: a tutorial paper. Behav Res Methods. 2018;50
(1):195-212. doi:10.3758/s13428-017-0862-1
16. Wardrope A, Reuber M. The hermeneutics of symptoms. Med Health Care Philos. 2022;25(3):395-412. doi:10.1007/s11019-022-10086-z
17. Tang M, Su Z, He Y, et al. Physical symptoms, anxiety, and depression in older patients with advanced cancer in China: a network analysis. BMC
Geriatr. 2024;24(1):185. doi:10.1186/s12877-024-04788-7
18. Zhou K, Huang X, Chen M, et al. Pre-hospital symptom clusters and symptom network analysis in decompensated cirrhotic patients: a
cross-sectional study. J Adv Nurs. 2024;80(7):2785-2800. doi:10.1111/jan.16044
19. Zhu Z, Sun Y, Kuang Y, et al. Contemporaneous symptom networks of multidimensional symptom experiences in cancer survivors: a network
analysis. Cancer Med. 2023;12(1):663—673. doi:10.1002/cam4.4904
20. Borsboom D. A network theory of mental disorders. World Psychiatry. 2017;16(1):5-13. doi:10.1002/wps.20375

—_

w

W

o]

—_
—_

Journal of Pain Research 2025:18 https: 7243


https://doi.org/10.1016/S0140-6736(21)00733-9
https://doi.org/10.1016/S0140-6736(21)00733-9
https://doi.org/10.1016/S2665-9913(23)00098-X
https://doi.org/10.1016/S2665-9913(23)00098-X
https://doi.org/10.1016/j.neuropharm.2025.110405
https://doi.org/10.1007/s11517-023-02888-x
https://doi.org/10.1016/j.amjmed.2023.03.024
https://doi.org/10.1016/j.amjmed.2023.03.024
https://doi.org/10.1002/jsp2.1289
https://doi.org/10.1097/MD.0000000000032270
https://doi.org/10.3389/fendo.2022.890371
https://doi.org/10.1097/BRS.0000000000003811
https://doi.org/10.1016/j.spinee.2022.09.010
https://doi.org/10.1097/CORR.0000000000001605
https://doi.org/10.1136/bmjopen-2022-065500
https://doi.org/10.3238/arztebl.m2024.0074
https://doi.org/10.1007/s11845-022-03223-3
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.1007/s11019-022-10086-z
https://doi.org/10.1186/s12877-024-04788-7
https://doi.org/10.1111/jan.16044
https://doi.org/10.1002/cam4.4904
https://doi.org/10.1002/wps.20375

Lu et al

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,

Yao M, LiZJ, Zhu S, et al. Simplified Chinese Version of the Japanese Orthopaedic Association Back Pain Evaluation Questionnaire: cross-cultural
Adaptation, Reliability, and Validity for Patients With Low Back Pain. Spine. 2018;43(6):E357—e64. doi:10.1097/BRS.0000000000002424

Yao M, Xu BP, Li ZJ, et al. A comparison between the low back pain scales for patients with lumbar disc herniation: validity, reliability, and
responsiveness. Health Qual Life Outcomes. 2020;18(1):175. doi:10.1186/s12955-020-01403-2

Fujimori T, Miwa T, Oda T. Responsiveness of the Japanese Orthopaedic Association Back Pain Evaluation Questionnaire in lumbar surgery and its
threshold for indicating clinically essential differences. Spine J. 2019;19(1):95-103. doi:10.1016/j.spinee.2018.05.013

Chiarotto A, Maxwell LJ, Ostelo RW, Boers M, Tugwell P, Terwee CB. Measurement Properties of Visual Analogue Scale, Numeric Rating Scale,
and Pain Severity Subscale of the Brief Pain Inventory in Patients With Low Back Pain: a Systematic Review. J Pain. 2019;20(3):245-263.
doi:10.1016/j.jpain.2018.07.009

Dunstan DA, Scott N. Norms for Zung’s Self-rating Anxiety Scale. BMC Psychiatry. 2020;20(1):90. doi:10.1186/s12888-019-2427-6

Duan H, Gong M, Zhang Q, Huang X, Wan B. Research on sleep status, body mass index, anxiety and depression of college students during the
post-pandemic era in Wuhan, China. J Affect Disord. 2022;301:189—-192. doi:10.1016/j.jad.2022.01.015

Lin Y, Bruner DW, Paul S, et al. A network analysis of self-reported psychoneurological symptoms in head and neck cancer patients undergoing
intensity-modulated radiotherapy. Cancer. 2022;128(20):3734-3743. doi:10.1002/cncr.34424

Wang Y, Xu Y, Wu P, et al. Exploring the interplay between core and mood symptoms in schizophrenia: a network analysis. Schizophr Res.
2024;269:28-35. doi:10.1016/j.schres.2024.04.016

Shen A, Zhang Z, Ye J, et al. Arm symptom pattern among breast cancer survivors with and without lymphedema: a contemporaneous network
analysis. Oncologist. 2024;29(12):e1656—68. doi:10.1093/oncolo/oyae217

Lu J, Zhang Q, Zhong N, et al. Addiction Symptom Network of Young Internet Users: network Analysis. J Med Internet Res. 2022;24(11):e38984.
doi:10.2196/38984

Lu JX, Zhai YJ, Chen J, et al. Network analysis of internet addiction and sleep disturbance symptoms. Prog Neuropsychopharmacol Biol
Psychiatry. 2023;125:110737. doi:10.1016/j.pnpbp.2023.110737

Liang H, Chen J, Wang L, et al. Exploring core symptoms and symptom clusters among patients with neuromyelitis optica spectrum disorder:
a network analysis. Int J Nurs Sci. 2025;12(2):152-160. doi:10.1016/j.ijnss.2025.02.006

Yang PL, Kamp KJ, Burr RL, et al. Age Differences in Core Symptoms and Symptom Relationships in Patients With Irritable Bowel Syndrome:
a Network Analysis. Am J Gastroenterol. 2023;118(9):1648—1655. doi:10.14309/ajg.0000000000002280

Kuang Y, Jing F, Sun Y, Zhu Z, Xing W. Symptom networks in older adults with cancer: a network analysis. J Geriatr Oncol. 2024;15(3):101718.
doi:10.1016/j.jg0.2024.101718

Shen A, Qiang W, Zhao H, et al. Contemporaneous Symptom Networks of Breast Cancer-Related Upper Limb Lymphedema: a Network Analysis.
Ann Surg Oncol. 2024;31(10):6611-6622. doi:10.1245/s10434-024-15676-0

Chang Z, Zhang Y, Liang X, et al. A network analysis of depression and anxiety symptoms among Chinese elderly living alone: based on the
2017-2018 Chinese Longitudinal Healthy Longevity Survey (CLHLS). BMC Psychiatry. 2025;25(1):28. doi:10.1186/s12888-024-06443-2

Jiao X, Han S, Wang X, et al. Mental Health Symptoms Between Developed and Developing Regions for People Living With HIV in China:
a Network Analysis of 40 Psychological Symptom Scales. J Adv Nurs. 2025;82(1):366-379. doi:10.1111/jan.16862

Wei Y, Cheng W, Lu Y, et al. Features and Differences in Core Symptom Clusters in Home-Based Hospice Patients With Advanced Cancer:
a Network Analysis. Cancer Med. 2024;13(21):¢70370. doi:10.1002/cam4.70370

Cao X, Zhou Y, Li T, Wang C, Wu P. Symptom networks analysis among people with Meniere’s disease: application for nursing care. Int J Nurs
Sci. 2024;11(2):214-221. doi:10.1016/].ijnss.2024.03.014

Liu X, Wang H, Zhu Z, et al. Exploring bridge symptoms in HIV-positive people with comorbid depressive and anxiety disorders. BMC Psychiatry.
2022;22(1):448. doi:10.1186/s12888-022-04088-7

Epskamp S, Fried EI. A tutorial on regularised partial correlation networks. Psychol Methods. 2018;23(4):617-634. do0i:10.1037/met0000167
Jing F, Zhu Z, Qiu J, et al. Contemporaneous symptom networks and correlates during endocrine therapy among breast cancer patients: a network
analysis. Front Oncol. 2023;13:1081786. doi:10.3389/fonc.2023.1081786

Shang B, Wang Y, Luo C, Lv F, Wu J, Shao X. Core and bridge symptoms in self-perceived ageing, depression, and anxiety among older people
with multiple chronic conditions in Chinese communities: a network analysis perspective. BMC Public Health. 2025;25(1):859. doi:10.1186/
$12889-025-22002-0

Haag C, Robinaugh DJ, Ehlers A, Kleim B. Understanding the Emergence of Chronic Posttraumatic Stress Disorder Through Acute Stress
Symptom Networks. JAMA Psychiatry. 2017;74(6):649—650. doi:10.1001/jamapsychiatry.2017.0788

Journal of Pain Research Dovepress
Taylor & Francis Group

Publish your work in this journal

The Journal of Pain Research is an international, peer reviewed, open access, online journal that welcomes laboratory and clinical findings in the
fields of pain research and the prevention and management of pain. Original research, reviews, symposium reports, hypothesis formation and
commentaries are all considered for publication. The manuscript management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http:/www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-pain-research-journal

. ournal of Pain Research 2025:18
244 B X in O J


https://doi.org/10.1097/BRS.0000000000002424
https://doi.org/10.1186/s12955-020-01403-2
https://doi.org/10.1016/j.spinee.2018.05.013
https://doi.org/10.1016/j.jpain.2018.07.009
https://doi.org/10.1186/s12888-019-2427-6
https://doi.org/10.1016/j.jad.2022.01.015
https://doi.org/10.1002/cncr.34424
https://doi.org/10.1016/j.schres.2024.04.016
https://doi.org/10.1093/oncolo/oyae217
https://doi.org/10.2196/38984
https://doi.org/10.1016/j.pnpbp.2023.110737
https://doi.org/10.1016/j.ijnss.2025.02.006
https://doi.org/10.14309/ajg.0000000000002280
https://doi.org/10.1016/j.jgo.2024.101718
https://doi.org/10.1245/s10434-024-15676-0
https://doi.org/10.1186/s12888-024-06443-2
https://doi.org/10.1111/jan.16862
https://doi.org/10.1002/cam4.70370
https://doi.org/10.1016/j.ijnss.2024.03.014
https://doi.org/10.1186/s12888-022-04088-7
https://doi.org/10.1037/met0000167
https://doi.org/10.3389/fonc.2023.1081786
https://doi.org/10.1186/s12889-025-22002-0
https://doi.org/10.1186/s12889-025-22002-0
https://doi.org/10.1001/jamapsychiatry.2017.0788
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Objects and Methods
	Subjects
	Inclusion Criteria
	Exclusion Criteria
	Research Methodology
	Survey Instrument
	General Information Questionnaire
	Visual Analogue Scale (VAS)
	Self-Rating Anxiety Scale (SAS)


	Data Collection Method
	Statistical Methods

	Results
	Symptom Incidence and Symptom Cluster Extraction of Patients with Lumbar Disc Herniation
	Network Analysis of Contemporaneous Symptoms in Lumbar Disc Herniation Patients
	Network Accuracy and Stability Analysis

	Discussion
	Standing Difficulty, Walking Difficulty, and Turning Difficulty are the Most Core Symptoms in LDH Patients

	Limitations of the Study
	Conclusion
	Abbreviations
	Ethics Approval and Informed Consent
	Author Contributions
	Funding
	Disclosure

