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Background: The paraspinal muscle is essential for maintaining normal spine function and structure, which degeneration is closely 
related to various spinal diseases. The main objective of this study was to identify the potential role of paraspinal muscle degeneration 
in the occurrence of new vertebral compression fractures (NVCF) and develop a clinically applicable nomogram for prospective 
NVCF risk prediction.
Methods: A total of 202 patients with single-level osteoporotic vertebral compression fractures (OVCF) who underwent percutaneous 
kyphoplasty treatment between January 2016 and March 2019 were included in this study. Demographic, clinical, radiological, and 
treatment data were collected and analyzed. The paraspinal muscle cross-sectional area (CSA) and fat signal fraction (FSF) were 
measured to quantify the extent of muscle degeneration. Multivariate binary logistic regression analysis was performed to select risk 
factors to build a nomogram that predicted the occurrence of NVCF. The concordance index (C-index) and calibration curve were used 
to evaluate the discriminative capacity and predictive accuracy of the nomogram.
Results: NVCF occurred in 54 of 202 patients (26.7%). The erector spinae FSF (OR = 1.064; P = 0.001), psoas major FSF (OR = 
1.326; P < 0.001), and the difference index of the muscle CSA between multifidus and psoas major (OR = 1.048; P < 0.001) were 
independent risk factors for the occurrence of NVCF. The nomogram performance was good after evaluation using the calibration 
curves and C-index (95% confidence interval, 0.854–0.943).
Conclusion: Paraspinal muscle degeneration is a potential risk factor for NVCF occurrence. A nomogram was designed to precisely 
predict the risk of NVCF. This predictive nomogram may help clinicians to make better clinical decisions and provide more accurate 
functional exercise protocol for OVCF patients.
Keywords: paraspinal muscle degeneration, new vertebral compression fractures, percutaneous kyphoplasty, risk factors, nomogram

Introduction
Osteoporotic vertebral compression fracture (OVCF) is the most common form of osteoporotic fracture and is a major cause 
of pain and disability in older adults.1 In the USA alone, there are approximately 750,000 new vertebral fractures each year, 
surpassing the summation of hip and ankle fractures per year.2 For the benefit of patients, a technique termed percutaneous 
kyphoplasty (PKP) was introduced in 1998 and has been proven to rapidly and effectively alleviate symptoms caused by 
vertebral fractures.3 However, this approach still faces significant challenges in maintaining long-term efficacy and safety. 
As one of the postoperative complications, new vertebral compression fractures (NVCF) following augmentation have 
attracted tremendous attention due to their high incidence and severe clinical consequences.4

Over the past several decades, numerous studies have elucidated many risk factors that may cause NVCF occurrence, 
such as older age, lower bone mineral density, lower body mass index, intradiscal cement leakage, number of pre-existing 
vertebral fractures and vertebral height restoration.5 However, most of these studies may have overlooked the potential 
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role of the paraspinal muscles. The paraspinal muscle is tightly attached to the spine and is essential for sustaining 
normal spinal function and structure. Previous studies have demonstrated that the paraspinal muscle is involved in 
maintaining natural anterior pelvic tilt and lordotic curve.6,7 Meanwhile, the paraspinal muscle is also an essential 
regulator of posture balance and spinal stability.8–10 Based on these lines of evidence, paraspinal muscle degeneration, 
including atrophy and fat infiltration, may have profound negative effects. In fact, the occurrence and development of 
lumbar disc herniation, spinal stenosis and scoliosis have been closely related to paraspinal muscle degeneration.11–13 

Moreover, paraspinal muscle degeneration has already been a significant predictor of low back pain.14 Paraspinal muscle 
degeneration is associated with various spinal diseases. Hence, it is reasonable to suspect a connection between 
paraspinal muscle degeneration and NVCF occurrence. However, to the best of our knowledge, this hypothesis has 
not been conclusively demonstrated. To evaluate this issue, we analyzed data from patients with OVCF treated by PKP to 
identify the role of paraspinal muscle degeneration in the occurrence of NVCF and develop a nomogram to predict the 
probability of NVCF.

Materials and Methods
Subjects
Data of 397 patients with OVCF who underwent PKP treatment at a single spine center between January 2016 and March 
2019 were retrospectively reviewed. The inclusion criteria were as follows: (1) single-level OVCF treated with PKP, (2) 
imaging was performed within 2 weeks preoperatively, (3) magnetic resonance imaging (MRI) examinations included 
L4/5 intervertebral disc level, and (4) follow-up period of at least 1 year. The exclusion criteria were as follows: (1) 
evidence of a previous osteoporotic vertebral fracture, (2) a history of previous spinal decompression or fusion surgery, 
(3) combined with a spinal tumor or the presence of pathologic compression fractures, (4) poor medication compliance 
with anti-osteoporotic drugs during the follow-up period, and (5) presence of Parkinson’s disease, amyotrophic lateral 
sclerosis, or other neuromuscular system diseases.15 The Ethics Committee for the Protection of Human Subjects 
approved all protocols and procedures. A waiver of informed consent was granted because of the retrospective data 
collection.

Surgical Technique and Anti-Osteoporosis Medications
All PKP procedures were performed under local anesthesia using a unilateral transpedicular approach. An inflatable 
balloon (Medtronic Sofamor Danek, Memphis, TN, USA) was inserted through the working channel and positioned in 
the anterior three-fourths of the vertebral body in lateral X-ray fluoroscopy during the surgical procedure. Balloon 
inflation is stopped once maximum pressure or volume is reached, desired fracture reduction is achieved or if balloons 
reach cortical walls or there are any signs of a cortical breach. Subsequently, the balloon is deflated, removed, and the 
void created within the vertebral body is filled with viscous polymethylmethacrylate (Mendec Spine Cement; Tecres 
SPA, Verona, Italy) bone cement. All patients were given postoperative anti-osteoporosis medications for 6 months, 
which regimen consisted of salmon calcitonin nasal spray 20IU/d, oral calcium carbonate 600mg/d and oral calcitriol 
0.5µg/d with monthly monitoring of serum calcium and renal function.

Follow-Up and Diagnosis of NVCF
Patients were followed up weekly during the first 3 months after discharge, then every 3 months for the first year, every 6 
months for the second year, and then annually. A patient was considered to have NVCF if he/she has (1) an acute increase 
in back pain or daily life disability, (2) appearance of wedge deformation or any loss of vertebral body height compared 
with the preoperative lateral radiograph, and (3) bone marrow edema on MRI at the corresponding anatomic level.

Clinical Data
The potential risk factors that may increase the risk of NVCF were selected using information documented in the medical 
records, including age, sex, body mass index, bone mineral density, follow-up duration, treated vertebral level, 
menopausal status, cement volume, presence of Kummell disease, leakage of cement to the adjacent disc, history of 
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hypertension, history of diabetes, history of steroid use, and smoking status. Based on the level of OVCF occurrence, the 
cases were categorized into the T-L junction (T11–L2) and non-T-L junction. Gas within the vertebral body or an 
intravertebral vacuum cleft on plain anteroposterior and lateral radiographs was identified as the presence of Kummell 
disease.16

Imaging Procedures
T2-weighted axial MRI is an objective method for the quantitative assessment of paraspinal muscle degeneration.7,11,12 

The MRI system used in this study was a 3.0T magnetic resonance system (MAGNETOM Verio; Siemens, Erlangen, 
Germany). T2-weighted axial images were acquired with TR/TE times of 3,000–3,100/70–80 ms. There were five axial 
slices per level, and each slice thickness was 3.0 mm. After scanning, the images were saved in DICOM format for the 
picture archiving and communication system.

Muscle Measurements
Pathological changes in the paraspinal muscle appeared most often at L4–5.17 In this study, the center slice of the five T2- 
weighted axial images was selected at L4–L5 to best represent the degree of paraspinal muscle degeneration. The 
DICOM images were displayed and analyzed using ImageJ software (version 1.40, US National Institutes of Health, 
Bethesda, MD, USA). Paraspinal muscle degeneration is characterized by muscle atrophy and fat infiltration, and its 
degree is quantified by cross-sectional area (CSA) and fat signal fraction (FSF).18 The total CSA of the multifidus (MF), 
erector spinae (ES) and psoas major (PM) was measured separately for the right and left sides by outlining the fascial 
boundary of each muscle. Then, the thresholding method was used to obtain the specific signal intensity ranges for fat 
and muscle tissue, to separate the intramuscular fat CSA from the original segmentation that followed fascial boundaries 
(Figure 1).19 Two spinal surgeons independently assessed each image. There was at least a 2-week interval between each 
measurement, and the average value was considered as the final result. Intra- and inter-class correlation coefficients 
(ICCs) were used to evaluate the intra- and inter-observer reproducibility of radiomics feature extraction.

Finally, the FSF was calculated as (intramuscular fat CSA/total CSA) × 100%. The of the CSA (CDI) was computed 
to demonstrate paraspinal muscle atrophy using the following formula:20

CDI between MF and ES = (1-MF muscle CSA/ES muscle CSA) × 100%
CDI between MF and PM = (1-MF muscle CSA/PM muscle CSA) × 100%
CDI between ES and PM = (1-ES muscle CSA/PM muscle CSA) × 100%

Statistical Analysis
Statistical analyses were performed using SPSS software (version 20.0; IBM Corp, 2012, Armonk NY, USA). Univariate 
analysis was first performed on each of the independent variables to screen for candidate variables. An independent t-test 
was used to compare continuous variables, and categorical variables were analyzed using the chi-square or Fisher’s exact 
tests. Variables exhibiting a P < 0.2 in the univariate analysis were considered for entry into the multivariate logistic 
regression analysis. Subsequently, a nomogram for predicting NVCF was constructed based on the multivariate binary 
logistic regression model using the R 4.1.1 software (R Foundation for Statistical Computing, Vienna, Austria). The 
discrimination performance of the nomogram was evaluated by concordance index (C-index) and receiver operating 
characteristic curve analysis.21 It is generally recognized that the nomogram has good discriminative ability when the 
C-index is >0.70. Meanwhile, the predictive accuracy of the nomogram was internally validated using calibration curves 
and the Hosmer–Lemeshow test by performing 1000 bootstraps.22 The 45° calibration curve represents ideal prognosis 
prediction. For all tests, a two-sided P < 0.05 was considered statistically significant.

Results
Basic Characteristics
Among the 397 potentially eligible patients, 202 (50.9%) were enrolled (Figure 2). There were 149 women and 53 men, 
the average patient age was 70.35 years, and the mean follow-up duration was 26.2 months (range, 12.7–55.4 months). 
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NVCF occurred in 54 of 202 (26.7%) patients. Of these 54 patients, 41 (75.9%) had adjacent fractures, 5 (9.3%) had 
remote fractures, 8 (14.8%) had recurrence fractures of the operated vertebrae, and 28 patients (51.9%) with symptomatic 
NVCF underwent a second surgical treatment. Favorable inter-observer and intra-observer reproducibility of feature 
extraction was achieved with intra-observer ICCs ranging from 0.913 to 0.974 and inter-observer ICCs ranging from 
0.824 to 0.926.

No statistically significant differences in sex, treated vertebral level, menopausal status, history of hypertension, 
history of diabetes, history of steroid use, smoking status, presence of Kummell disease, and intradiscal cement leakage 
were noted between groups (Table 1). Significant differences between groups in terms of BMI, BMD, follow-up duration, 
cement volume, and CDI between the MF and ES were not observed (Table 2). However, statistically significant 
differences were found between groups in terms of age, MF fat signal fraction, ES fat signal fraction, PM fat signal 
fraction, CDI between the MF and PM, and CDI between the ES and PM (P < 0.001) (Table 2).

Risk Factors of NVCF
Subsequently, all potential risk factors (P < 0.2) derived from the univariate analysis were selected for further multivariate 
analysis, including sex, smoking status, presence of Kummell disease, age, BMD, cement volume, MF fat signal fraction, 
ES fat signal fraction, PM fat signal fraction, CDI between the MF and PM, and CDI between the ES and PM. In the 
multivariate binary logistic regression analysis (Table 3), we found that the ES fat signal fraction (OR = 1.064; P = 

Figure 1 Typical L4-L5 axial images. 
Notes: (A) T2-weighted axial MRI of a patient in the non-NVCF group. (B) Intramuscular fat (yellow section) of the psoas major (Q1), erector spinae (Q2), and multifidus 
(Q3). (C) T2-weighted axial MRI of a patient in the NVCF group. (D) Typical picture of muscle atrophy and muscle fat infiltration. 
Abbreviations: MRI, magnetic resonance imaging; NVCF, new vertebral compression fractures.
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0.001), PM fat signal fraction (OR = 1.326; P < 0.001), and CDI between the MF and PM (OR = 1.048; P < 0.001) were 
independent risk factors for NVCF occurrence.

Development and Validation of the Prediction Model
A nomogram was developed based on the results of the multivariate binary logistic regression analysis (Figure 3). The 
calculation method of the nomogram is described in the Figure 3 legend. By calculating the nomogram total points, we 
were able to predict the occurrence rate of NVCF. The C-index was 0.898 (95% CI: 0.854–0.943), indicating that the 
nomogram had good discrimination ability (Figure 4). Calibration curves and the Hosmer–Lemeshow test results (P = 
0.756) indicated good concordance between the nomogram-predicted probability of NVCF and the actual NVCF rate 
(Figure 5).

Discussion
Paraspinal muscle degeneration is a complex and dynamic process with a profound negative impact on the spine. Over 
the past decades, studies have indicated that paraspinal muscle degeneration triggers changes in spinal structure, impairs 
spinal function, and is associated with various spinal diseases.6–14 The present study provides an extension to the 
established links between paraspinal muscle degeneration and spinal diseases. Our finding showed that the incidence of 
NVCF was 26.7%, in which paraspinal muscle atrophy and fat infiltration are associated with the occurrence and 
development of NVCF.

Muscle atrophy is a crucial feature of paraspinal muscle degeneration, which accelerates muscle aging and influences 
muscle function. In the current study, high CDI between the MF and PM was identified as an independent risk factor for 

Figure 2 Flow chart for screening eligible patients. 
Abbreviations: PKP, percutaneous kyphoplasty; OVCF, osteoporotic vertebral compression fractures; NVCF, new vertebral compression fractures.
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NVCF occurrence. Specifically, heavier MF atrophy may be a causal element contributing to an increased risk of NVCF. 
In the paraspinal muscles, MF is the primary source of spine stability.23 It is located in the innermost portion of the spine 
and has the most extensive muscle attachment area, which can increase segmental tension and reduce the movement 
between segments, supporting the spine to maintain stability.24 Previous studies have demonstrated that the architectural 
design of MF, a large CSA with short muscle fiber length, acts as a stabilizer to buffer the spinal load effectively.10,25 

These findings not only indicate that a decrease in attachment area, CSA, and fiber length caused by MF atrophy may 
result in spinal instability, but provide a potential mechanism for the occurrence of NVCF. As we previously highlighted, 
spinal instability suggests increased loads of the axial spine and higher relative movement between segments.23–25 Hence, 
the vertebrae may become less adaptive to perturbations (trauma, falling, even coughing or yawning) and are more 
vulnerable to fractures. However, this remains speculation and will require further biomechanical studies.

Another crucial feature of paraspinal muscle degeneration is muscle fat infiltration. In the present study, our results 
revealed that a high degree of fat infiltration in ES is an independent risk factor for NVCF. Like ropes on a mast, ES 
plays a prominent role in maintaining sagittal alignment.6 Recently, Masaki et al26 found that an increase in thoracic 
kyphosis is related to a decrease in the mass of ES. Berry et al7 suggested that a stronger ES can predict decreased 
lordosis, lumbosacral extension, and anterior pelvic tilt. It is known that muscle fat infiltration is closely associated with 
reduced muscle mass and muscle strength.27 Thus, the loss of muscle mass and muscle strength caused by ES fat 
infiltration may exist some degree of sagittal malalignment. Previous studies suggested that sagittal malalignment may 
lead to potentially higher compressive forces applied to the anterior column and consequent higher incidence of vertebral 

Table 1 Categorical Variables of NVCF and Non-NVCF Groups

Categorical Variable Total (n=202) NVCF (n=54) Non-NVCF (n=148) P value

Sex
Male 53 (26.2%) 9 (16.7%) 44 (29.7%) 0.062

Female 149 (73.8%) 45 (83.3%) 104 (70.3%)

Treated vertebral level
T-L junction 132 (65.3%) 32 (59.3%) 100 (67.6%) 0.272

Non-T-L junction 70 (34.7%) 22 (40.7%) 48 (32.4%)

Menopausal status
Premenopausal 7 (4.7%) 1 (2.2%) 6 (5.8%) 0.347

Postmenopausal 142 (95.3%) 44 (97.8%) 98 (94.2%)
History of hypertension

Yes 109 (54.0%) 33 (61.1%) 76 (51.4%) 0.218

No 93 (46.0%) 21 (38.9%) 72 (48.6%)
History of diabetes

Yes 54 (26.7%) 12 (22.2%) 42 (28.4%) 0.382

No 148 (73.3%) 42 (77.8%) 106 (71.6%)
History of steroid use

Yes 9 (4.5%) 3 (5.6%) 6 (4.1%) 0.647

No 193 (95.5) 51 (94.4%) 142 (95.9%)
Smoking status

Yes 39 (19.3%) 7 (13.0%) 32 (21.6%) 0.168

No 163 (80.7%) 47 (87.0%) 116 (78.4%)
Presence of Kummell disease*

Yes 26 (12.9%) 11 (20.4%) 15 (10.1%) 0.055

No 176 (87.1%) 43 (79.6%) 133 (89.9%)
Intradiscal cement leakage

Yes 36 (17.8%) 8 (14.8%) 28 (18.9%) 0.500

No 166 (82.2%) 46 (85.2%) 120 (81.1%)

Notes: T-L junction indicates the junction between the 11th thoracic vertebra (T11) and the second lumbar vertebra (L2), *Gas 
within the vertebral body or an intravertebral vacuum cleft was identified as the presence of Kummell disease. 
Abbreviation: NVCF, new vertebral compression fractures.
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fractures.28,29 Although not assessed sagittal parameters in patients, it seems that ES fat infiltration can promote sagittal 
malalignment, which has adverse effects on load distribution, leading to increased risk for the occurrence of NVCF.

In addition to ES fat infiltration, spine function also appeared to be affected by PM fat infiltration. Our result showed 
that increased PM fat infiltration was an independent risk factor for NVCF. PM is the only paraspinal muscle that 
connects directly from the spine to the lower limbs and plays an important role in the maintenance of posture balance. 
Penning8 found that the opposite action of the PM on different spine regions maintains the spine in the upright posture. 
Subsequently, the same author indicated that PM should also be considered an active postural muscle during walking and 
running.9 It can be seen that regardless of static or dynamic activities, decreased PM mass and strength are likely to 
challenge the maintenance of posture balance, increasing the risk of imbalance. As a joint adverse event of imbalance, 
falling is also a well-known factor in fractures among older adults.30 Kim et al31 suggested that a weak PM should be 
used as a significant predictor of falls and hip fractures in osteoporotic patients. Statistically, falling accounts for 87% of 
all types of fractures in the elderly, and these fractures are virtually always due to low-impact injuries in osteoporotic 
bones.32 These previous findings support the conceptual hypothesis that patients with increased PM fat infiltration may 
be at greater risk of imbalance and falls, which may be a more direct negative effect on the spine. Thus, PM fat 
infiltration is the strongest predictor of NVCF compared with the other two risk factors.

Table 3 Multivariable Binary Logistic Regression of Predictors for NVCF

Characteristic Odds Ratio 95% CI P value

Erector spinae fat signal fraction (%) 1.064 1.024–1.105 0.001

Psoas major fat signal fraction (%) 1.326 1.136–1.548 <0.001

CDI between multifidus and psoas major (%) 1.048 1.023–1.074 <0.001

Abbreviations: NVCF, new vertebral compression fractures; CI, confidence interval; CDI, difference index of the 
cross-sectional area.

Table 2 Continuous Variables of Patients in NVCF and Non-NVCF Group

Continuous Variables Group Mean SD P value

Age (years) NVCF 77.39 7.52 <0.001
Non-NVCF 67.78 11.84

Follow-up period (months) NVCF 25.94 13.61 0.873

Non-NVCF 26.30 14.48
Body mass index (kg/m2) NVCF 24.29 5.39 0.691

Non-NVCF 24.57 4.05

Bone mineral density (T-score) NVCF −3.35 1.05 0.155
Non-NVCF −3.09 1.17

Cement volume (mL) NVCF 3.13 0.46 0.146
Non-NVCF 3.19 0.50

Multifidus fat signal fraction (%) NVCF 52.63 15.48 <0.001

Non-NVCF 32.41 12.21
Erector spinae fat signal fraction (%) NVCF 53.37 12.61 <0.001

Non-NVCF 34.84 12.24

Psoas major fat signal fraction (%) NVCF 8.17 5.77 <0.001
Non-NVCF 3.26 2.93

CDI between multifidus and erector spinae (%) NVCF 31.21 22.16 0.492

Non-NVCF 29.13 17.79
CDI between multifidus and psoas major (%) NVCF 43.80 16.78 <0.001

Non-NVCF 26.58 20.34

CDI between erector spinae and psoas major (%) NVCF 12.52 30.89 <0.001
Non-NVCF −5.49 23.91

Abbreviations: NVCF, new vertebral compression fractures; SD, standard deviation; CDI, difference index of the cross-sectional area.
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We developed and validated a nomogram to predict the occurrence of NVCF in patients with OVCF treated with PKP. 
To our knowledge, our study is the first to develop a nomogram to predict the occurrence of NVCF after PKP based on 
paraspinal muscle radiological parameters. Although our nomogram comes with only three parameters, its predictive 
performance was good after evaluation using the calibration curves and C-index. Meanwhile, all parameters included in 
this nomogram are easy to measure or calculate and have good reproducibility. These results strongly support that our 
nomogram might enable accurately predicts the incidence of NVCF. Meanwhile, patients can be classified as low or high 
risk based on the mean incidence of NVCF (26.7%). For high-risk patients, surgery might not be a good choice because 
they may face NVCF time after time. In this context, our nomogram may contribute to reducing unnecessary medical 
interventions, thus maximizing the cost-effectiveness of treatments.

Another advantage of our nomogram is that it provides a more targeted intervention strategy for patients. We believe that 
risk factors make sense only if they can be changed through evidence-based interventions. In contrast to uncontrollable 
parameters, such as age or sex, both parameters can be altered by functional exercise. Hides et al33 found that specific 
stabilization training improved MF muscle atrophy. Notably, a randomized controlled trial of older adults found that 
strengthening exercise can significantly increase their 1.42–1.78% MF muscle CSA per week.34 In addition, studies have 
increasingly recognized that increased muscle fat infiltration is closely linked to inactivity.35 Physical activity, for example, 
resistance training or brisk walking, can effectively reverse muscle fat infiltration that occurs in older adults.36,37 Even in 
elderly individuals who cannot exercise, low-magnitude vibration has been proven to reduce intramuscular adipose tissue.38 

Therefore, our nomogram provides a potential strategy to prevent the occurrence of NVCF and, at the same time, make 
functional exercises more targeted.

However, it should be noted that the odds ratios for paraspinal muscle degeneration seemed lower than other classic 
risk factors of NVCF reported in prior studies,5 which were almost near 1.0. There are two plausible explanations for this 
observation. (1) Based on our findings discussed above, we are inclined to believe that the negative effects imparted by 
paraspinal muscle degeneration may be slow and indirect. In other words, it may take a long time for the effects of 
degenerations in paraspinal muscle on NVCF to become apparent. The follow-up period of two years was not long 
enough to fully show the contribution of paraspinal muscle degeneration to NVCF. (2) If we examine the odds ratio for 

Figure 3 Nomogram for predicting the probability of the occurrence of NVCF. 
Notes: Mark the values at each factor axis, acquire the corresponding points at the “points” axis, and sum up the points of all factors. Mark the total points on the “total 
points” axis and draw a perpendicular line towards the “probability of the occurrence of NVCF” axis. The value on the bottom line gives the probability of the occurrence of 
NVCF. 
Abbreviations: CDI, difference index of the cross-sectional area; NVCF, new vertebral compression fractures.
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paraspinal muscle degeneration, then it is clear that these significant potential risk factors are of little clinical importance. 
However, by reference to the nomogram in our study, it becomes clear that the combined effect of these factors shows 
good accuracy and excellent discrimination in estimating the risk of NVCF. In fact, previous studies have reported that 
any type of movement is driven by the interaction between the groups of muscles with similar functions, namely muscle 
synergies.39 We speculated that the alterations in the structure and function of the spine are likely to be caused by the 
combination of degeneration in multiple paraspinal muscles, whereas single paraspinal muscle degeneration with a small 
impact on NVCF risk. Thus, it seems reasonable that the odds ratio for paraspinal muscle degeneration is small. 
However, caution should still be exercised, and larger studies of a longer duration are needed to confirm these findings.

The study has other limitations. First, although we built a nomogram based on paraspinal muscle MRI parameters, it 
did not involve intraoperative factor sufficiency and could not provide effective help for surgeons to make surgical 
decisions. We plan to perform this and create a more clinically meaningful model in the next step. Second, despite 
accounting for many important confounders, we cannot exclude residual confounding by unmeasured or unknown 
confounders. Finally, yet importantly, our nomogram was internally validated using bootstrap methods and achieved 
preferable accuracy. However, its actual effectiveness in clinical use is still unknown, and further studies are needed to 
externally validate the proposed nomogram.

Figure 4 Receiver operating characteristic curve for NVCF nomogram. 
Notes: The C-index from the receiver operating characteristic is 0.898 with a 95% confidence interval of 0.854 to 0.943. 
Abbreviations: NVCF, new vertebral compression fractures; C-index, concordance index.

Clinical Interventions in Aging 2022:17                                                                                             https://doi.org/10.2147/CIA.S374857                                                                                                                                                                                                                       

DovePress                                                                                                                       
1245

Dovepress                                                                                                                                                                 Si et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Conclusion
In conclusion, our results confirmed that paraspinal muscle degeneration was a predictive factor for NVCF occurrence. 
We designed a nomogram to precisely predict the risk of NVCF. This predictive nomogram may help clinicians to make 
better clinical decisions and provide more accurate functional exercise protocol for OVCF patients.

Abbreviations
NVCF, new vertebral compression fractures; OVCF, osteoporotic vertebral compression fractures; CSA, cross-sectional 
area; FSF, fat signal fraction; C-index, concordance index; PKP, percutaneous kyphoplasty; MRI, magnetic resonance 
imaging; MF, multifidus; ES, erector spinae; PM, psoas major; ICCs, inter-class correlation coefficients; CDI, difference 
index of the cross-sectional area.
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