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Background: Superior cluneal nerve entrapment neuropathy (SCNEN) is a known complication following spinal fractures. There is 
a lack of comprehensive understanding of this condition, and clinical management strategies remain underdeveloped.
Methods: This study analysed the demographic and radiological data of 340 patients to develop a risk prediction model for SCNEN 
following surgery for thoracic or lumbar vertebral fractures. Patients were randomized into a derivation cohort (70%) and a validation 
cohort (30%). The least absolute shrinkage and selection operator (LASSO) regression was applied for variable selection, followed by 
tenfold cross-validation. Multivariate logistic regression was performed on the identified predictive variables. The model’s accuracy 
and clinical utility were assessed through the receiver operating characteristic (ROC) curves, the calibration curves, and the decision 
curve analysis (DCA). A rationality analysis was also performed to evaluate the model’s diagnostic performance.
Results: This study analysed 19 variables; following analysis using LASSO regression and multivariate logistic regression, it was 
found that the surgical segment (OR=4.993, 95% Cl 2.053–14.200, P=0.001), surgical method (OR=0.549, 95% Cl 0.322–0.936, 
P=0.027), the anteroposterior bone cement distribution ratio (OR=0.956, 95% Cl 0.928–0.981, P=0.001), and Cobb angle restoration 
ratio (OR=0.973, 95% Cl 0.952–0.993, P=0.011) were independent predictors of SCNEN (P < 0.05). We developed a nomogram. The 
AUC for the derivation cohort was 0.795, while the AUC for the validation cohort was 0.806. The Hosmer-Lemeshow test indicated 
good model calibration, with P-values of 0.9685 and 0.2422 for the two groups. The DCA demonstrated that the model provided 
greater net benefit. Further rationality analysis confirmed that combining multiple predictors resulted in better diagnostic performance 
than using a single predictor.
Conclusion: The nomogram identifies 4 independent risk factors for SCNEN: segment (lumbar vertebra), surgical method (pedicle 
screw internal fixation), the anteroposterior bone cement distribution ratio, and Cobb angle restoration ratio.
Keywords: SCNEN, fracture of thoracic or lumbar vertebrae, risk prediction model

Introduction
Thoracic or lumbar fractures are the most common type of spinal injury, accounting for approximately 90% of cases.1 

Surgical intervention often provides immediate relief from fracture-related low back pain by facilitating healing. 
However, some patients continue to experience persistent low back pain along with referred pain in one or both legs 
and feet following surgery.2 Research indicates that this ongoing discomfort is linked to the development of superior 
cluneal nerve (SCN) entrapment neuropathy (SCNEN) postoperatively.3–5 Unfortunately, most clinicians currently do not 
know how to avoid the occurrence of SCNEN, and few reports have delve into its contributing factors.
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The association between SCNEN and low back pain was first described by Strong and Davila in 1957.6 Subsequent 
anatomical studies revealed that the SCN originates from the dorsal branches of the T11-L5 spinal nerves.7,8 The SCN 
traverses the iliocostalis muscle and thoracolumbar fascia before traveling laterally between the thoracolumbar fascia and 
the iliac crest, where it innervates sensory regions of the lower lumbar and superior gluteal areas.9 Research indicates that 
as the SCN passes through the iliac crest, its medial branches are often compressed within a narrow fibro-osseous tunnel 
formed by the thoracolumbar fascia and the iliac crest. This entrapment can lead to a range of symptoms.10 Clinically, 
SCNEN often mimics radiculopathy caused by lumbar disc herniation or spinal stenosis, leading to its designation as 
“pseudosciatica”.11,12

Currently, research on SCNEN remains limited. This condition is often caused by factors such as pulling, friction, and 
compression, which can lead to edema, inflammatory infiltration, and scarring of the SCN, ultimately impairing its ability 
to move freely within the narrow fibro-osseous tunnel.13–15 Vertebral fractures have been linked to an increased risk of 
SCNEN. While less-invasive microsurgical decompression of the SCN has shown promising results in treating post
operative SCNEN following vertebral fractures.4,14 However, clinicians have limited understanding of SCNEN. This 
study aims to address this gap by analyzing the incidence and risk factors of postoperative SCNEN after thoracic or 
lumbar fractures. Additionally, it seeks to develop and validate a risk prediction model to evaluate its clinical utility. By 
providing insights into these factors and offering practical strategies to mitigate risks, the study aims to guide both 
patients and clinicians in reducing the occurrence of SCNEN. Improved understanding and application of preventative 
techniques may help minimize patient suffering and enhance clinical outcomes.

Materials and Methods
Patients Selection and Recruitment
A total of 340 patients (66 men and 274 women) with an average age of 72.27 ± 9.91 years underwent surgery for 
thoracic or lumbar fractures at Wuxi Affiliated Hospital of Nanjing University of Chinese Medicine (Figure 1). Surgical 
approaches were selected based on each patient’s physical condition and the severity of their injury, with all procedures 
performed by two experienced spine surgeons. All patients were classified into two groups: the SCNEN group and the 
Non- SCNEN group, based on the diagnostic criteria for SCNEN. Patients were then randomly assigned to either the 
derivation cohort (70%, n = 237) or the validation cohort (30%, n = 103). The derivation cohort was used to develop the 
nomogram model, while the validation cohort was used to validate the model. Informed consent was waived for the 
present study considering that it was a retrospective study (Evidence grade: III b).16 This study was approved by the 
Ethics Committee of Wuxi Affiliated Hospital of Nanjing University of Chinese Medicine (YJS2023031316). All the 
procedures were followed by the Declaration of Helsinki. All procedures were implemented to ensure participant safety, 
maintain confidentiality of data, and comply with recognized international research standards. The study was registered 
with the International Platform of Research Registry (Registration number: researchregistry10906).

Inclusion and Exclusion Criteria
Inclusion criteria: (1) Patients with a confirmed acute vertebral fracture based on anterolateral spine radiography and 
spinal MRI. (2) Availability of demographic and complete clinical data necessary for the study. (3) Patients who 
underwent thoracic or lumbar fractures surgery, including pedicle screw internal fixation, percutaneous kyphoplasty 
(PKP), or percutaneous vertebroplasty (PVP). (4) No history of other spinal injuries during the six-month postoperative 
follow-up period. Exclusion criteria: (1) Patients with incomplete clinical data required for the study. (2) Patients who 
developed secondary spinal conditions due to other factors during the six-month postoperative follow-up period. (3) 
Patients diagnosed with fractures caused by spinal tuberculosis, tumors, infections, or other specific conditions prior to 
surgery.

SCNEN Diagnostic Criteria
The diagnostic criteria used in this study were based on an article published in the Spine Journal in 2017. Patients were 
considered to have SCNEN if they met the following conditions: (1) Persistent low back pain or leg symptoms were reported 
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after undergoing thoracic or lumbar fracture surgery at our hospital, even after fulfilling the inclusion and exclusion criteria. 
(2) The most pronounced tender point associated with SCNEN was located 7 cm above the iliac crest along the midline. 
Pressing this point elicited lower back pain, hip pain, or referred pain in the lower limb, indicative of Tinel’s sign. To confirm 
the diagnosis, a nerve block was administered at the tender point using 2 mL of 1% lidocaine. If symptoms were alleviated by 
more than 75% within two hours after the injection, the patient was diagnosed with SCNEN.17

Figure 1 The flow chart describes the process of selection and statistical analysis of SCNEN patients in this study.

Journal of Pain Research 2026:19                                                                                                     https://doi.org/10.2147/JPR.S597979                                                                                                                                                                                                                                                                                                                                                                                                       3

Liu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Data Collection
Patient data included general demographics such as gender (male or female), age, BMI, fracture segment (thoracic or 
lumbar vertebra), fracture to surgery time, and history of thoracic or lumbar vertebral fractures. Surgical data: the type of 
surgical procedure performed—pedicle screw internal fixation, PKP, or PVP—was recorded. Imaging data: Preoperative 
MRI scans were reviewed to assess thoracolumbar fascial dropsy (Figure 2C–E). The radiographs were analyzed to 
measure preoperative vertebral height and preoperative Cobb angle. Postoperative radiographs were used to evaluate the 
anteroposterior bone cement distribution ratio, lateral bone cement distribution ratio, bone cement leakage, vertebral 
height, and Cobb angle. Measurement methods: (1) Bone Cement Distribution Ratio: Defined as the mean ratio of the 
bone cement area to the total vertebral area in both anteroposterior and lateral views on X-ray (Figure 2A and B).18 (2) 
Vertebral Height: the average height between the anterior and posterior edges of the vertebral body. (3) Vertebral body 
compression rate (VBCR): The ratio of the height of the fractured vertebra to the average height of the adjacent 
vertebrae. (4) Vertebral height restoration ratio: preoperative VBCR minus postoperative VBCR.19 (5) Cobb Angle: 
Measured as the angle formed between the upper and lower endplates of the fractured vertebra. (6) Reduction angle: 
Cobb angle before operation minus Cobb angle after operation (positive lordosis and negative kyphosis). Cobb angle 
restoration ratio: reduction angle ratio to the preoperative Cobb angle (Figure 2F–H). To ensure consistency, all imaging 
measurements were independently performed by two experienced spine surgeons. Ten patients were randomly selected 
for repeat measurements one week later by both spine surgeons and radiologists.20

Statistical Analysis
Data analysis was conducted using SPSS (version 22.0) and R software (version 4.2.0). The “caret” package in 
R software was used to randomly divide participants into a derivation cohort for model development and a validation 
cohort for model validation, following a theoretical 7:3 ratio. Baseline characteristics were then compared between the 
two groups. Quantitative data were presented as mean ± standard deviation (SD) or the median [interquartile range 

Figure 2 The definition of imaging-based variables. (A and B) The measurement of the anteroposterior bone cement distribution ratio and the lateral bone cement 
distribution ratio. The red border represents the vertebral border line; the blue border represents the cement border line. (C–E) MRI judge thoracolumbar fascial dropsy 
(MRI T1W; MRI T2W; MRI T2W FS). (F) The measurement of vertebral body compression rate and vertebral height restoration ratio (The blue lines above are labelled Hs1 
and Hs2; the red lines in the middle are denoted by Hf1 and Hf2; the blue lines below are labelled Hi1 and Hi2. Postoperative vertebral height (Hf) = (Hf1 + Hf2) / 2; the 
average height of vertebral = (Hs1 + Hs2 + Hi1 + Hi2) / 4). (G) The measurement of reduction Cobb angle and Cobb angle restoration ratio. (H) Determine the bone 
cement leakage. The blue arrow represents the leaked bone cement.
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(IQR)], depending on the distribution. Independent sample t-tests were applied for normally distributed data, and the 
Mann–Whitney U-test was used for nonparametric data. Categorical data were expressed as percentages and analyzed 
using Pearson’s Chi-square test or Fisher’s exact test. A p-value of less than 0.05 was considered statistically significant.

The least absolute shrinkage and selection operator (LASSO) regression was used for statistical analysis, employing 
the “glmnet” package in R software to identify potential risk factors. The lambda value was determined using 10-fold 
cross-validation, and the Rad-Scores for both the derivation and validation cohorts were calculated. Variables selected 
through LASSO regression were incorporated into a multivariate logistic regression analysis (using stepwise backward 
selection) to finalize predictive variables, with a significance threshold of P < 0.05. To visualize the weight of each 
predictive factor, the “rms” package in R software was used to construct the risk prediction model. Ultimately, 
a nomogram was developed to predict SCNEN after thoracic or lumbar surgery based on the finalized predictive model.

In this study, receiver operating characteristic (ROC) curves and the area under the curve (AUC) were used to assess 
the model’s accuracy and discriminative ability. A risk prediction model was considered to have good discrimination 
when AUC > 0.7, whereas an AUC close to 0.5 indicated low diagnostic value. Calibration curves and the Hosmer- 
Lemeshow test were used to evaluate the variance between predicted and actual values. The clinical applicability of the 
model was assessed using decision curve analysis (DCA). All analyses were conducted using the bootstrap method with 
500 resampling iterations. Additionally, rationality analysis was performed to further evaluate the model’s superior 
diagnostic capability.

Results
Patient Characteristics
A total of 340 patients (66 males, 274 females) met the inclusion and exclusion criteria for this study, comprising 70 with 
SCNEN and 270 Non- SCNEN, with a mean age of 72.27 years (SD ± 9.91). Patients were randomly assigned to the 
derivation cohort (n = 237) and the validation cohort (n = 103) in a 7:3 ratio. Baseline characteristics of the two cohorts 
are presented in Table 1. Apart from the fracture to surgery time, no significant differences were observed between the 
cohorts across other variables (P > 0.05). The incidence of SCNEN was 17.2% (41/237) in the derivation cohort and 
18.4% (19/103) in the validation cohort (Table 1).

Table 1 Comparison of Patient Baseline Characteristics Between the Derivation and Validation Cohorts

Variables Overall (n=340) Derivation 
Cohort (n=237)

Validation 
Cohort (n=103)

P-value

Sex, n (%) 0.291
Male 66(19.41%) 50(21.10%) 16(15.53%)

Female 274(80.59%) 187(78.90%) 87(84.47%)

Age (years) 72.27(9.91) 72.09(9.90) 72.67(9.95) 0.623
BMI (kg/m2) 22.90(3.00) 23.00(2.98) 22.68(3.04) 0.361

Segment, n (%) 0.322

Thoracic vertebra 114(34%) 75(32%) 39(38%)
Lumbar vertebra 226(66%) 162(68%) 64(62%)

Fracture to surgery time (days) 6.25(6.57) 6.81(7.22) 4.96(4.52) 0.005**
History of thoracic or lumbar vertebral fractures, n (%) 0.518

Yes 82(24%) 60(25%) 22(21%)

No 258(76%) 177(75%) 81(79%)
Thoracolumbar fascial dropsy, n (%) 0.821

Yes 40(12%) 29(12%) 11(11%)

No 300(88%) 208(88%) 92(89%)

(Continued)
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LASSO Regression Analysis
This study analyzed 19 variable factors, and LASSO regression was employed for variable selection in the derivation 
cohort. Based on the cross-validation results, the optimal model was achieved at λ1se = 0.04413152. 5 key variables were 
identified: segment, surgical method, the anteroposterior bone cement distribution ratio, postoperative Cobb angle, and 
Cobb angle restoration ratio. The shrinkage coefficient and cross-validation plots are illustrated in Figure 3A and B. 
Subsequently, the Rad-Score for each sample was calculated. A comparison of the Rad-Score between the 237 patients in 
the derivation cohort and the 103 patients in the validation cohort revealed that SCNEN patients had significantly higher 
the rad-Score compared to Non-SCNEN patients, with notable differences (Figure 3C and D).

Multivariate Analysis
Based on the results of LASSO regression analysis, 5 feature variables—segment, surgical method, the anteroposterior 
bone cement distribution ratio, postoperative Cobb angle, and Cobb angle restoration ratio—were selected as indepen
dent variables, with SCNEN occurrence as the dependent variable. Multivariable logistic regression analysis, using 
a stepwise backward selection method, mention 4 factors (segment, surgical method, the anteroposterior bone cement 
distribution ratio, and Cobb angle restoration ratio) were found statistically significant (P < 0.05) (Table 2).

Construction and Validation of the Nomogram
Using the 4 factors identified by multivariable logistic regression analysis, we developed a nomogram to predict the 
incidence of SCNEN (Figure 4). The nomogram indicated that lumbar vertebral fractures, pedicle screw internal fixation, 
the anteroposterior bone cement distribution ratio, and the Cobb angle restoration ratio were independent risk factors for 
SCNEN. To evaluate the model’s accuracy, a ROC curve was plotted. The area under the curve (AUC) was 0.795 (95% 
CI: 0.7279–0.8617) in the derivation cohort and 0.806 (95% CI: 0.7027–0.9101) in the validation cohort, demonstrating 
the model’s strong predictive ability for SCNEN risk (Figure 5A and D). Calibration of the model was evaluated using 
the Bootstrap method (500 resamples). The Hosmer-Lemeshow test yielded P = 0.9685 (mean absolute error = 0.020) in 
the derivation cohort and P = 0.2422 (mean absolute error = 0.031) in the validation cohort, indicating excellent model 
calibration (Figure 5B and E). The DCA further confirmed the model’s clinical utility, with a risk threshold probability 

Table 1 (Continued). 

Variables Overall (n=340) Derivation 
Cohort (n=237)

Validation 
Cohort (n=103)

P-value

Surgical method, n (%) 0.955
Pedicle screw internal fixation 25(7%) 17(7%) 8(8%)

PVP 52(15%) 37(16%) 15(15%)

PKP 262(77%) 182(77%) 80(78%)
Bone cement leakage, n (%) 0.807

Yes 30(9%) 22(9%) 8(8%)

No 310(91%) 215(91%) 95(92%)
The anteroposterior bone cement distribution ratio (%) 52.56(13.47) 51.79(13.37) 54.34(13.58) 0.112

The lateral bone cement distribution ratio (%) 52.64(13.53) 52.08(13.19) 53.93(14.26) 0.265

Preoperative vertebral height (mm) 16.56(4.55) 16.64(4.64) 16.4(4.34) 0.653
Postoperative vertebral height (mm) 20.25(3.83) 20.31(3.83) 20.13(3.86) 0.693

Vertebral body compression rate (%) 65.95(14.55) 66(14.68) 65.79(14.3) 0.905

Vertebral height restoration ratio (%) 15.37(13.38) 15.34(13.9) 15.42(12.16) 0.958
Preoperative Cobb angle (°) 10.32(5.58) 10.21(5.77) 10.57(5.13) 0.562

Postoperative Cobb angle (°) 5.77(3.85) 5.86(3.94) 5.56(3.66) 0.502

Reduction angle (°) 4.55(3.7) 4.35(3.63) 5.01(3.83) 0.137
Cobb angle restoration ratio (%) 44.74(24.32) 43.89(24.16) 46.7(24.68) 0.332

Note: **Statistical significance (P <0.01).
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range of 2.5–80% for the derivation cohort and 7–50% for the validation cohort (Figure 5C and F). Overall, the model 
showed strong performance in distinguishing the risk of SCNEN.

Rationality Analysis
To evaluate the plausibility and performance of the model, we compared the AUC of the prediction model to the AUCs 
of its individual predictors (segment, surgical method, the anteroposterior bone cement distribution ratio, and Cobb angle 
restoration ratio). The results indicated that the AUC of the nomogram model was significantly larger than those of the 
individual predictors, highlighting the superior diagnostic capability of the combined model (Figure 6A and B). 

Figure 3 This is Lasso regression. (A) Variables were screened and a coefficient profile plot was generated to show the log (lambda) sequence. (B) The optimal value of 
lambda was determined using 10-fold cross-validation. (C and D) The derivation cohort and the validation cohort of Rad-Score. The red dots represent the Rad-Score for 
each non-SCNEN patient, whilst the blue dots represent the Rad-Score for each SCNEN patient. Non-SCNEN vs SCNEN, ****P<0.001.

Table 2 Results of Multivariate Logistic Regression Analyses

Characteristics Multivariate Analysis

β OR 95% CI P-value

Segment, n (%) 1.608 4.993 2.053–14.200 0.001***
Surgical method, n (%) −0.599 0.549 0.322–0.936 0.027*
The anteroposterior bone cement distribution ratio (%) −0.045 0.956 0.928–0.981 0.001***
Postoperative Cobb angle (°) 0.091 1.095 0.989–1.214 0.079

Cobb angle restoration ratio (%) −0.027 0.973 0.952–0.993 0.011*

Notes: The values shown in bold black type in this table represent the β, OR, 95% CI and P-value for the 4 statistically 
significant risk factors. *Statistical significance (P <0.05). ***Statistical significance (P <0.001).
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Additionally, we calculated the Nomo-score for each sample based on the nomogram algorithm and created box plots to 
assess risk stratification. In both the derivation and validation cohorts, the Nomo-scores of the SCNEN group were 
significantly higher than those of the Non-SCNEN group, showing clear differentiation between the two groups 
(Figure 6C and D). These findings demonstrate that the prediction model offers better diagnostic performance and risk 
stratification compared to any single predictor.

Figure 4 The constructed nomogram for predicting SCNEN.

Figure 5 Assessment of the prediction model. (A–C) The ROC, the calibration curves and DCA in the derivation cohort. (D–F) The ROC, the calibration curves and DCA 
in the validation cohort. The y-axis shows the net benefit: x-axis shows the threshold probability. The red line represents the net benefit of our nomogram. The oblique gray 
line indicates the hypothesis that all patients had SCNEN. The black horizontal line represents the hypothesis that no patients had SCNEN.
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Discussion
As the global population ages, the number of patients with thoracic or lumbar fractures is steadily increasing.21 

A significant portion of these patients require surgical intervention to restore vertebral height and maintain spinal 
biomechanical balance. Long-term clinical studies have revealed that some of these patients experience persistent 
symptoms after surgery, including back pain, unilateral or bilateral radiating leg pain, and intermittent 
claudication.12,22 Extensive anatomical studies have shown that these symptoms are often caused by varying degrees 
of damage to the SCN following thoracic or lumbar vertebral fractures. This condition is known as SCNEN.21 In clinical 
practice, when SCNEN is suspected, the presence of Tinel’s sign at the thoracolumbar fascia penetration point, as well as 
pain relief following nerve block (at a location 7 cm above the iliac crest from the midline), play a crucial role in the 
diagnosis. For patients already diagnosed with SCNEN, nerve block anesthesia and surgical decompression are the 
primary strategies for relief or treatment. However, both approaches have limitations, including the risk of recurrence and 
the need for repeat surgery.23–25 In this context, identifying the risk factors for SCNEN in patients after thoracic or 
lumbar fractures is crucial. However, to our knowledge, there is a lack of such studies. Therefore, this research aims to 
analyze data and demonstrate that factors such as fracture segment, surgical method, anteroposterior bone cement 
distribution ratio, and Cobb angle restoration ratio are associated with the occurrence of SCNEN. The goal is to guide 
clinicians in minimizing the risk of SCNEN development.

The SCN primarily originates from the dorsal branches of the T11-L5 spinal nerves. An initial study indicated that the 
main source of the SCN is the dorsal branches of the L1-L3 spinal nerves, with the L1 dorsal root contributing 60%, L2 
contributing 27%, and L3 contributing 13%.26 Subsequent research efforts in this field have further confirmed that the 

Figure 6 Reasonability analysis of the prediction model by ROC. (A and B) Comparison of ROC for the Nomogram model with other clinical indicators in the derivation 
cohort and the validation cohort. The area beneath each line represents the AUC value for each predictor. (C and D) A boxplot of Nomo-score between the derivation 
cohort and the validation cohort. The red dots represent the Nomo-score for each non-SCNEN patient, whilst the blue dots represent the Nomo-score for each SCNEN 
patient. Non-SCNEN vs SCNEN, ****P<0.001.
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SCN primarily originates from the dorsal branches of the T11-L5 spinal nerves.7 It is evident from the above research 
that, compared to the thoracic spine, the lumbar spinal nerves are the primary origin of the SCN. This results in 
a significantly higher probability of SCNEN development in patients with lumbar spine fractures than in those with 
thoracic fractures. Although research in this area is currently limited, our study supports this conclusion. We categorized 
the fracture segments into two types: thoracic vertebra and lumbar vertebra. The results showed that 10.00% (n=7) of 
SCNEN cases were caused by thoracic fractures, while 90.00% (n=63) were due to lumbar fractures. Multivariate logistic 
regression analysis revealed a significant statistical difference (OR=4.993, P=0.001), with lumbar vertebra fractures 
identified as a risk factor for SCNEN. Therefore, SCNEN should be given greater attention when lumbar vertebral 
fractures occur.

Currently, three main surgical methods are used to treat patients with thoracic or lumbar fractures: pedicle screw 
internal fixation, PVP, and PKP. Our research indicates that pedicle screw internal fixation is a risk factor for SCNEN, 
while PKP serves as a protective factor against the condition. Although pedicle screw internal fixation provides a more 
stable biomechanical structure, its major drawbacks include significant surgical trauma, long operation time, substantial 
intraoperative blood loss, and a higher risk of complications. These factors can lead to prolonged traction, ischemia, and 
edema of the SCN during the procedure, thereby increasing the likelihood of SCNEN development post-surgery. In 
contrast, PVP and PKP are minimally invasive procedures that offer benefits such as smaller incisions, shorter operation 
times, less intraoperative blood loss, and faster postoperative recovery. Consequently, the risk of SCN injury is lower 
with PVP and PKP during the surgical process.27 This is consistent with our research findings. Additionally, studies have 
shown that the flowability of bone cement and the high-pressure injection during surgery can lead to cement leakage. 
Furthermore, the heat released during the solidification of the bone cement may cause damage to the spinal nerves.28 PKP 
is an advanced technique developed from PVP. It involves the use of a balloon to fully expand and create a sealed cavity 
within the vertebral body, followed by the injection of bone cement into the balloon. This method significantly reduces 
the risk of bone cement leakage and minimizes the thermal damage to spinal nerves during the cement hardening 
process.29 Our research also indicates that, compared to PVP, PKP serves as a protective factor against SCNEN.

In this study, we also found a significant correlation between the anteroposterior bone cement distribution ratio in the 
fractured vertebra and the occurrence of SCNEN. Previous research has shown that the distribution of bone cement 
within the vertebral body can impact vertebral height and the Cobb angle. The ideal scenario is for the bone cement to be 
symmetrically distributed within the injured vertebra, but achieving this during surgery is challenging for several reasons. 
First, during the procedure, the puncture point is often located on one side of the vertebra.30 Second, as the time since 
injury increases, the fractured vertebra is filled with hematomas, including tissue and fibrous scar tissue, which occupy 
space and hinder the spread of the bone cement. Research has shown that bone bleeding aspiration prior to the injection 
of bone cement can significantly enhance the cement’s diffusion within the vertebra.31,32 Third, bone cement with certain 
flowability and viscosity can form solid clumps after it hardens within the vertebral body. When the bone cement consists 
of one or two solid clumps, it becomes difficult to fully fill the injured vertebra. This results in uneven distribution of the 
spinal stress load across the vertebra, increasing the risk of slight vertebral collapse postoperatively.33 This can affect 
vertebral height restoration, Cobb angle reduction, and the subsequent release of SCN compression, traction, and dropsy, 
which are key factors contributing to SCNEN. Interestingly, our study indicates that the Cobb angle restoration ratio is 
a risk factor for SCNEN, while the vertebral height restoration ratio has no significant association with SCNEN. The 
results may be influenced by factors such as the relatively small sample size and the short observation period in the study.

Additionally, our study found that female patients make up the majority of SCNEN cases (Male = 15.71%, n=11), 
which is consistent with previous research. This may be attributed to factors such as bone mass, body composition, 
skeletal structure, and childbirth in women. However, there is currently a lack of relevant research reports on this topic.25 

Furthermore, in our study, approximately 25% (n=18) of SCNEN patients had a history of thoracic or lumbar fractures, 
which aligns with a previous statistic showing a 23% (n=26) incidence of such a history.11 This may be due to the fact 
that previous fractures, although causing minor damage to the SCN, did not result in noticeable clinical symptoms. 
A fresh vertebral fracture could then trigger asymptomatic or subclinical SCNEN. The findings from earlier studies 
provide a solid foundation for our current research and have sparked significant interest, serving as motivation for us to 
conduct further studies in this area.
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In our study, we identified, for the first time, the risk factors for SCNEN development following thoracic or lumbar 
surgery. Given the complexity of the multivariate logistic regression formula, we visualized our results using 
a nomogram to aid clinical application. The nomogram includes several risk factors (such as fracture segment, surgical 
method, anteroposterior bone cement distribution ratio, and Cobb angle restoration), with each factor assigned a score. 
The total score corresponds to the probability of SCNEN occurrence. To validate the accuracy and clinical applicability 
of the model, we conducted ROC curves, calibration curves, and DCA. The results demonstrated that the predictive 
model developed in this study has strong clinical performance. Finally, we conducted a rationality analysis, and all the 
findings indicate that the nomogram we constructed can serve as an effective clinical prediction tool for SCNEN.

However, in clinical practice, SCNEN must be differentiated from various conditions that cause low back pain 
and sciatica, including lumbar disc herniation, spinal stenosis, sacroiliac joint disorders, lumbosacral syndrome, 
piriformis syndrome, and paraspinal myofascial inflammation.34 Among these, lumbar disc herniation and spinal 
stenosis warrant particular attention, with the key points being: physical examination findings and MRI results 
consistent with the diagnosis; and segmental sensory, motor, or reflex changes. For sacroiliac joint disorders, 
special attention should be paid to axial low back pain, accompanied by definitive physical examination findings 
such as the FABER sign, Gaenslen’s sign, pelvic compression, and traction tests, with symptom relief following 
diagnostic testing.35,36 Iliopsoas syndrome can be confirmed by injecting a local anesthetic into the iliopsoas 
ligament; hip flexion may provoke unilateral low back pain.37 Piriformis syndrome: Palpation of the piriformis 
muscle causes localized pain, and intramuscular injection provides significant pain relief.38 Paraspinal myofascial 
pain syndrome: Pain is localized to areas of muscle spasm or trigger points, and trigger point injections provide 
pain relief.

This study also has limitations. The sample size is relatively small, and it is a single-center, short-term retro
spective study. Although we made efforts to minimize confounding factors (such as having two experienced 
surgeons perform the surgeries and ensuring strict measurements of all data), the possibility of confounding factors 
cannot be entirely ruled out. Additionally, due to technical limitations, the variables included in this study were 
limited and will need further refinement (eg, bone cement injection volume, surgical duration, number of fractures, 
and patient bone density values). Therefore, although this model demonstrates high discriminatory power and good 
fit, it remains necessary to validate it in future external, multicenter cohort studies with larger sample sizes and 
longer follow-up periods across different geographic regions and populations of diverse racial and ethnic 
backgrounds.

Conclusion
In conclusion, this study is the first to develop a risk prediction model for SCNEN after thoracic or lumbar spine surgery, 
offering a faster and more accurate way to predict the incidence of SCNEN. The nomogram identifies four independent 
risk factors for SCNEN: segment (lumbar vertebra), surgical method (pedicle screw internal fixation), the anteroposterior 
bone cement distribution ratio, and Cobb angle restoration ratio. Furthermore, we validated the nomogram, and the 
results demonstrated its high accuracy and clinical applicability. This model provides valuable guidance for clinicians in 
assessing the risk of SCNEN in patients following thoracic or lumbar fracture surgery, facilitating early intervention. 
Additionally, it serves as a useful reference for creating personalized diagnostic and treatment plans for patients with 
SCNEN.

Acknowledgments
The authors would like to thank our team members for helping to collect the data. The work was supported by the Wuxi 
Municipal Health Commission Research Project (Q202546), the Jiangsu Province Young Science and Technology Talent 
Support Programme (JSTJ-2025-685), the National Natural Science Foundation of China (No. 81973878), Jiangsu 
Clinical Innovation Center of Degenerative Bone and Joint Disease (No. 2021040501) and Top Talent Support 
Program for young and middle-aged people of Wuxi Health Committee (No. BJ2023069).

Journal of Pain Research 2026:19                                                                                                     https://doi.org/10.2147/JPR.S597979                                                                                                                                                                                                                                                                                                                                                                                                      11

Liu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design, 
execution, acquisition of data, analysis and interpretation, or in all these 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.

Disclosure
The authors have no conflicts of interest relevant to this article.

References
1. Ghobrial GM, Maulucci CM, Maltenfort M, et al. Operative and nonoperative adverse events in the management of traumatic fractures of the 

thoracolumbar spine: a systematic review. Neurosurg Focus. 2014;37(1):E8. doi:10.3171/2014.4.Focus1467
2. Walker CT, Xu DS, Godzik J, Turner JD, Uribe JS, Smith WD. Minimally invasive surgery for thoracolumbar spinal trauma. Ann translat Med. 

2018;6(6):102. doi:10.21037/atm.2018.02.10
3. Kim K, Shimizu J, Isu T, et al. Low back pain due to superior cluneal nerve entrapment: a clinicopathologic study. Muscle Nerve. 2018;57 

(5):777–783. doi:10.1002/mus.26007
4. Miki K, Kim K, Isu T, et al. Characteristics of low back pain due to superior cluneal nerve entrapment neuropathy. Asian Spine J. 2019;13 

(5):772–778. doi:10.31616/asj.2018.0324
5. Iwamoto N, Isu T, Kim K, et al. Treatment of low back pain elicited by superior cluneal nerve entrapment neuropathy after lumbar fusion surgery. 

Spine Surg Related Res. 2017;1(3):152–157. doi:10.22603/ssrr.1.2016-0027
6. Strong EK, Davila JC. The cluneal nerve syndrome; a distinct type of low back pain. Indust Med Surg. 1957;26(9):417–429.
7. Iwanaga J, Simonds E, Schumacher M, Oskouian RJ, Tubbs RS. Anatomic study of superior cluneal nerves: revisiting the contribution of lumbar 

spinal nerves. World Neurosurg. 2019;128:e12–e15. doi:10.1016/j.wneu.2019.02.159
8. Anderson D, Szarvas D, Koontz C, et al. A comprehensive review of cluneal neuralgia as a cause of lower back pain. Orthoped Rev. 2022;14 

(4):35505. doi:10.52965/001c.35505
9. Karri J, Singh M, Orhurhu V, Joshi M, Abd-Elsayed A. Pain syndromes secondary to cluneal nerve entrapment. Current Pain Headache Rep. 

2020;24(10):61. doi:10.1007/s11916-020-00891-7
10. Wu WT, Mezian K, Nanka O, Chang KV, Ozcakar L. Ultrasonographic imaging and guided intervention for the superior cluneal nerve: a narrative 

pictorial review. Pain Phys. 2022;25(4):E657–e667.
11. Kuniya H, Aota Y, Kawai T, Kaneko K, Konno T, Saito T. Prospective study of superior cluneal nerve disorder as a potential cause of low back pain 

and leg symptoms. J Orthopaedic Surg Res. 2014;9;139. doi:10.1186/s13018-014-0139-7
12. Chiba Y, Isu T, Kim K, et al. Association between intermittent low-back pain and superior cluneal nerve entrapment neuropathy. J Neurosurg Spine. 

2016;24(2):263–267. doi:10.3171/2015.1.Spine14173
13. Wu WT, Mezian K, Naňka O, et al. Enhancing diagnosis and treatment of superior cluneal nerve entrapment: cadaveric, clinical, and ultrasono

graphic insights. Insights Imag. 2023;14(1):116. doi:10.1186/s13244-023-01463-0
14. Kim K, Isu T, Chiba Y, et al. Treatment of low back pain in patients with vertebral compression fractures and superior cluneal nerve entrapment 

neuropathies. Surg Neurol Int. 2015;6(Suppl 24):S619–21. doi:10.4103/2152-7806.170455
15. Willard FH, Vleeming A, Schuenke MD, Danneels L, Schleip R. The thoracolumbar fascia: anatomy, function and clinical considerations. J Anat. 

2012;221(6):507–536. doi:10.1111/j.1469-7580.2012.01511.x
16. Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guidelines for reporting parallel group randomised trials. BMJ. 2010;340: 

c332. doi:10.1136/bmj.c332
17. Morimoto D, Isu T, Kim K, et al. Long-term outcome of surgical treatment for superior cluneal nerve entrapment neuropathy. Spine. 2017;42 

(10):783–788. doi:10.1097/brs.0000000000001913
18. Wu XF, Ping Y, Zeng XQ, et al. Percutaneous vertebroplasty with side-opening cannula or front-opening cannula in the treatment of kummell 

disease? Orthopaed Surg. 2020;12(4):1190–1198. doi:10.1111/os.12730
19. Li J, Xie Y, Sun S, et al. Regional differences in bone mineral density biomechanically induce a higher risk of adjacent vertebral fracture after 

percutaneous vertebroplasty: a case-comparative study. Int J Surg. 2023;109(3):352–363. doi:10.1097/js9.0000000000000273
20. Li JC, Yang ZQ, Xie TH, Song ZT, Song YM, Zeng JC. Deterioration of the fixation segment’s stress distribution and the strength reduction of 

screw holding position together cause screw loosening in ALSR fixed OLIF patients with poor BMD. Front Bioeng Biotechnol. 2022;10:922848. 
doi:10.3389/fbioe.2022.922848

21. Maigne JY, Doursounian L. Entrapment neuropathy of the medial superior cluneal nerve. Nineteen cases surgically treated, with a minimum of 2 
years’ follow-up. Spine. 1997;22(10):1156–1159. doi:10.1097/00007632-199705150-00017

22. Isu T, Kim K, Morimoto D, Iwamoto N. Superior and middle cluneal nerve entrapment as a cause of low back pain. Neurospine. 2018;15(1):25–32. 
doi:10.14245/ns.1836024.012

23. Akbas M, Yegin A, Karsli B. Superior cluneal nerve entrapment eight years after decubitus surgery. Pain Pract. 2005;5(4):364–366. doi:10.1111/ 
j.1533-2500.2005.00040.x

24. Talu GK, Ozyalçin S, Talu U. Superior cluneal nerve entrapment. Reg Anesth Pain Med. 2000;25(6):648–650. doi:10.1053/rapm.2000.18189
25. Morimoto D, Isu T, Kim K, et al. Surgical treatment of superior cluneal nerve entrapment neuropathy. J Neurosurg Spine. 2013;19(1):71–75. 

doi:10.3171/2013.3.Spine12420
26. Maigne JY, Lazareth JP, Guérin Surville H, Maigne R. The lateral cutaneous branches of the dorsal rami of the thoraco-lumbar junction. An 

anatomical study on 37 dissections. Surg Radiolog Anat. 1989;11(4):289–293. doi:10.1007/bf02098698

https://doi.org/10.2147/JPR.S597979                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Pain Research 2026:19 12

Liu et al                                                                                                                                                                              

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3171/2014.4.Focus1467
https://doi.org/10.21037/atm.2018.02.10
https://doi.org/10.1002/mus.26007
https://doi.org/10.31616/asj.2018.0324
https://doi.org/10.22603/ssrr.1.2016-0027
https://doi.org/10.1016/j.wneu.2019.02.159
https://doi.org/10.52965/001c.35505
https://doi.org/10.1007/s11916-020-00891-7
https://doi.org/10.1186/s13018-014-0139-7
https://doi.org/10.3171/2015.1.Spine14173
https://doi.org/10.1186/s13244-023-01463-0
https://doi.org/10.4103/2152-7806.170455
https://doi.org/10.1111/j.1469-7580.2012.01511.x
https://doi.org/10.1136/bmj.c332
https://doi.org/10.1097/brs.0000000000001913
https://doi.org/10.1111/os.12730
https://doi.org/10.1097/js9.0000000000000273
https://doi.org/10.3389/fbioe.2022.922848
https://doi.org/10.1097/00007632-199705150-00017
https://doi.org/10.14245/ns.1836024.012
https://doi.org/10.1111/j.1533-2500.2005.00040.x
https://doi.org/10.1111/j.1533-2500.2005.00040.x
https://doi.org/10.1053/rapm.2000.18189
https://doi.org/10.3171/2013.3.Spine12420
https://doi.org/10.1007/bf02098698


27. Zuo XH, Zhu XP, Bao HG, et al. Network meta-analysis of percutaneous vertebroplasty, percutaneous kyphoplasty, nerve block, and conservative 
treatment for nonsurgery options of acute/subacute and chronic osteoporotic vertebral compression fractures (OVCFs) in short-term and long-term 
effects. Medicine. 2018;97(29):e11544. doi:10.1097/md.0000000000011544

28. Zhu J, Zhang K, Luo K, et al. Mineralized collagen modified polymethyl methacrylate bone cement for osteoporotic compression vertebral fracture 
at 1-year follow-up. Spine. 2019;44(12):827–838. doi:10.1097/brs.0000000000002971

29. Cheng Y, Cheng X, Wu H. Risk factors of new vertebral compression fracture after percutaneous vertebroplasty or percutaneous kyphoplasty. Front 
Endocrinol. 2022;13:964578. doi:10.3389/fendo.2022.964578

30. Chen B, Li Y, Xie D, Yang X, Zheng Z. Comparison of unipedicular and bipedicular kyphoplasty on the stiffness and biomechanical balance of 
compression fractured vertebrae. Eur Spine J. 2011;20(8):1272–1280. doi:10.1007/s00586-011-1744-3

31. Guan H, Yang H, Mei X, Liu T, Guo J. Early or delayed operation, which is more optimal for kyphoplasty? A retrospective study on cement 
leakage during kyphoplasty. Injury. 2012;43(10):1698–1703. doi:10.1016/j.injury.2012.06.008

32. Peng J, Qin J, Huang T, Luo X, Zhong W, Quan Z. Clinical outcomes of fracture haemorrhage aspiration for percutaneous vertebroplasty in treating 
osteoporotic vertebral compression fractures. J Pain Res. 2021;14:3951–3959. doi:10.2147/jpr.S345760

33. Tan L, Wen B, Guo Z, Chen Z. The effect of bone cement distribution on the outcome of percutaneous Vertebroplasty: a case cohort study. BMC 
Musculoskel Disorders. 2020;21(1):541. doi:10.1186/s12891-020-03568-9

34. Karl HW, Helm S, Trescot AM. Superior and middle cluneal nerve entrapment: a cause of low back and radicular pain. Pain Phys. 2022;25(4): 
E503–e521.

35. Nejati P, Sartaj E, Imani F, Moeineddin R, Nejati L, Safavi M. Accuracy of the Diagnostic Tests of Sacroiliac Joint Dysfunction. J Chiropractic 
Med. 2020;19(1):28–37. doi:10.1016/j.jcm.2019.12.002

36. Park J, Chon SC. Comparative analysis of the pain provocation test and the HABER test to diagnose nonspecific low-back pain associated with the 
sacroiliac joint. Med Sci Monitor. 2021;27:e929307. doi:10.12659/msm.929307

37. Nayak BK, Singh DK, Kumar N, Jaiswal B. Recovering from nonspecific low back pain despair: ultrasound-guided intervention in iliolumbar 
syndrome. Ind J Radiol Imag. 2020;30(4):448–452. doi:10.4103/ijri.IJRI_382_19

38. Caglar S, Ozyemisci-Taskiran O. Evaluation of the interrater reliability of sonographic measurements of muscle thickness of 38 piriformis muscles 
in 19 patients with piriformis syndrome. Med Sci Monitor. 2024;30:e943720. doi:10.12659/msm.943720

Journal of Pain Research                                                                                                             

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

Journal of Pain Research 2026:19                                                                                                          13

Liu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1097/md.0000000000011544
https://doi.org/10.1097/brs.0000000000002971
https://doi.org/10.3389/fendo.2022.964578
https://doi.org/10.1007/s00586-011-1744-3
https://doi.org/10.1016/j.injury.2012.06.008
https://doi.org/10.2147/jpr.S345760
https://doi.org/10.1186/s12891-020-03568-9
https://doi.org/10.1016/j.jcm.2019.12.002
https://doi.org/10.12659/msm.929307
https://doi.org/10.4103/ijri.IJRI_382_19
https://doi.org/10.12659/msm.943720
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

	Introduction
	Materials and Methods
	Patients Selection and Recruitment
	Inclusion and Exclusion Criteria
	SCNEN Diagnostic Criteria
	Data Collection
	Statistical Analysis

	Results
	Patient Characteristics
	LASSO Regression Analysis
	Multivariate Analysis
	Construction and Validation of the Nomogram
	Rationality Analysis

	Discussion
	Conclusion
	Acknowledgments
	Author Contributions
	Disclosure

