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Abstract

Purpose: New vertebral compression fractures(NVCFs) after minimally invasive surgery in patients with osteoporotic
vertebral compression fracture (OVCF) is a challenging issue worldwide. Predicting the occurrence of NVCFs is key to
addressing such questions. Therefore, we aimed to investigate the risk factors for patients who developed NVCFs after
undergoing surgical treatment and establish a nomogram model to reduce the occurrence of NVCFs. Methods: This study is a
retrospective analysis that collected the general characteristics and surgical features of patients who underwent surgical
treatment at 2 central institutions between January 2017 and December 2020. Patients were divided into training and testing
sets based on the presence or absence of NVCFs. Independent risk factors for NVCFs were obtained in the training set of
patients, and then a nomogram model was constructed. Internal and external validation of the nomogram model was
performed using the consistency index (C index), receiver operating characteristic curve(ROC), calibration curves, and
decision curve analysis (DCA). Results: A total of 562 patients were included in this study. Patients from the first center were
used for nomogram construction and internal validation, and patients from the second center were used as an external
validation population. Multivariate regression analysis showed that age, Hounsfield unit (Hu) value, cement leakage, and
thoracolumbar (TL) junction fracture were independent risk factors for NVCFs after minimally invasive surgery. The C index
was .85, and the validation of internal and external validation shows that the predicted values of the established model is in good
agreement with the actual values. Conclusions: In this study, 4 independent risk factors were obtained by regression analysis,
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and a nomogram model was constructed to guide clinical work. The application of this model can help surgeons to make more

accurate judgments to prevent the occurrence of NVCFs.
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Background

One of the most common complications of osteoporosis
is osteoporotic vertebral compression fractures. Oste-
oporosis may be caused by bone structure abnormalities
and progressive dicalcium. This may cause compres-
sion fractures of the vertebral body during low-energy
trauma (e.g., falls, violent coughing, or rolling over).'+*
Patients with OVCFs often suffer from acute or chronic
lower back pain, progressive deformity, and even in-
creased mortality.** Previously, conservative treatment
was the usual treatment for OVCFs, such as bed rest,
opioid analgesia, and bracing.” However, it was inef-
fective and did not relieve the patient’s pain.

Minimally invasive surgery(vertebroplasty and ky-
phoplasty) has made significant progress in treating
OVCFs due to continuous innovations in surgical
techniques. The percutaneous kyphoplasty(PKP)
technique is a relatively safe and definitive
procedure that is widely recognized worldwide.®®
However, after long-term follow-up, cement leakage
and vertebral refracture were common complications in
patients receiving PKP for OVCFs.”'° In a current
retrospective study of 403 patients, Li et al."' found
that the probability of NVCFs was 12.16% in patients
who underwent minimally invasive surgery for OVCFs
and suggested that bone cement dispersion, bone ce-
ment leakage, and anti-osteoporotic treatment were
independent risk factors for the development of
NVCFs. However, their sample size was small, and
there was a lack of external verification, so the prac-
ticability of the results cannot be confirmed.

This study is different from previous studies. We
developed a nomogram model, that was drawn from
independent risk factors obtained by regression anal-
ysis. It can improve the readability of the results and the
convenience of use. Internal and external validation
were also set up in this study, which allows verification
of the value of the established model. A scientific and
systematic approach was used to evaluate the proba-
bility of NVCFs in patients after surgery. The nomo-
gram model could be applied postoperatively to guide
surgeons to perform postoperative interventions in
high-risk populations, reduce the occurrence of
NVCFs, and avoid wasting of medical resources.

Materials and Methods

Study Subjects

The study reviewed 562 patients who underwent PKP
surgery for OVCFs from September 2016 to February
2020. The study was approved by the ethics committees of
our hospitals. The inclusion criteria were as follows: 1.
Low-energy injuries of the elderly individual caused a
single-level VCF; 2. The patient has definite back pain, and
the visual analog pain score is greater than or equal to 6; 3.
Sagittal X-ray showed a decrease in the height of the vertebral
body. MRI suggested a hypointense T1 signal and a hyper-
intense T2 signal or T2 signal, showing significant bone edema
in the fractured vertebral body; 4. The patient is a long-term
local resident; 5. The posterior wall of the vertebral body is
intact with no fractures.

The exclusion criteria were as follows: (1). obvious
neural symptoms and spinal cord compression(e.g.,
numbness, muscle weakness)due to vertebral burst frac-
tures. (2). tumours, infections, and serious medical sys-
temic diseases; (3). Long-term steroid or hormone use; (4).
Incomplete follow-up data and presence of language
disorders or psychiatric abnormalities.

Our follow-up for all patients was greater than or equal
to 2 years. All patients in this study were divided into 2
populations, the modeling population (413 cases) and the
validation population (149 cases), who came from 2 dif-
ferent regions and hospitals. The modeling population was
divided into a training set (70%) and a testing set (30%).
The nomogram model was built with a training set, a
testing set was used for internal validation, and a validation
population was used for external validation.

Through our review of the previous literature, we col-
lected and analysed risk factors associated with the possible
development of NVCFs. We collected general characteristics
(e.g., age, sex, BMI), radiological characteristics (e.g., Hu
value, kyphotic angle, the volume of bone cement, leakage of
cement, fracture level), and previous history (e.g., smoking,
alcohol, fracture history, and bisphosphonate therapy).

Surgical Procedures

Patients were treated in the prone position under local
anesthesia. The fractured vertebral was localized using
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puncture needles under the guidance of C-arm fluoroscopy.
The puncture needle was placed one-third anterior to the
fractured vertebral body through the pedicle under fluo-
roscopy lateral radiographs. Then take out the puncture
needle was removed, and the balloon was inflated to re-
store the vertebral height in the PKP. The “toothpaste-like”
polymethylmethacrylate (PMMA) was instilled, filling the
fractured bone. The whole process was slowly completed
under fluoroscopy to avoid bone cement leakage. After 5-6
hours of bed rest, the patient can move appropriately after
wearing the brace.

Postoperative Management and Assessment

Postoperative patients were recommended to give .25 ug/d
calcitriol and D3 600 mg/d calcium. Additionally, after
surgery, the patients received zoledronic acid once a year at
adose of 5 mg dissolved in 100 mL saline and were infused
intravenously for at least 15 minutes. BMI was defined as
the weight (kg) divided by the height (m2) squared. The
T12-L1 segment, subject to relatively high spinal activity, is
defined as thoracolumbar (TL). Leakage of bone cement was
defined as exceeding beyond the superior or inferior end-
plates. The compression angle of the fractured vertebrae was
measured preoperatively and postoperatively. On the lateral
radiograph, the angle between the inferior endplate of the
superior vertebra of the fractured vertebral and the superior
endplate of the inferior vertebra was defined as the kyphotic
angle. Change angle restoration was described as a preop-
erative angle - postoperative angle. Hu values were obtained
by analyzing the vertebral body using the picture archiving
and communication system (PACS, version 3.6; YLZ In-
formation Technology Co., Ltd; CHINA) system after
measurement by our CT equipment. The specific measure-
ments were as follows: the TL junction of the nonfractured
vertebral body was selected, and the vertebral body was
evenly divided into 3 equal parts in the sagittal position, and
the largest elliptical region of interest(ROI) containing only
bone trabeculae was drawn in the axial position to obtain the
average CT value (Figure 1). Osteoporosis was defined as an

HU value less than 100, and osteopenia was defined as an HU
value greater than 100 and less than 150.'*"

Statistical Analysis

In this study, SPSS 23 (IBM Corp., Armonk, NY, USA)
and R software (version 3.6.1) were used for statistics and
analysis. The continuity variables were statistically ana-
lyzed by Student’s t test and expressed as the mean values
+ standard deviation. The categorical variables were sta-
tistically analysed using the chi-square test and reported as
percentages. First, the modeling population and the vali-
dation population were compared. Then the training and
testing sets were compared between groups in the mod-
eling population. Univariate regression analysis was used
in the training set to obtain risk factors (P < .05). Fur-
thermore, the final independent risk factors for NVCFs
received were used in binary regression analysis. This
study used the independent risk factors to develop a
predictive nomogram model using R software’s “rms”
package.

After the nomogram model was built, we used the testing
set and validation population to validate the model. This
study used the C index to evaluate the model’s predictive
ability. The predictive capacity was gradually increased from
0 to 1. The more widely used ROC curve was plotted, and
then the area under the ROC curve was calculated, but the
ROC has shortcomings in practical application. Therefore, we
supplemented the model validation with calibration curve and
decision curve analysis.

Results

Independent Risk Factors to Construct the
Nomogram Models

This study included 562 patients, the modeling population
was 413 cases, and the validation population was 149
cases. The modeling population included 292 patients in
the training set and 121 patients in the testing set. Baseline

Figure 1. CT values were measured by PACS. (A) sagittal image of the lumbar spine with 3 tangents made on the measured vertebrae,
corresponding to the 3 levels of (B), (C) and (D) in the axial position. The largest elliptical region of interest(ROI) containing only
bone trabeculae was drawn in the axial position to obtain the average Hu value.
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Table I. Demographic characteristics of the modeling population and the validation population.

Characteristics Modeling population(413) Validation population(149) P value
Gender 76
Male 122(29.5%) 42(28.2%)
Female 291(70.5%) 107(71.8%)
Age(year) 7247 + 6.87 7344 £7.10 .15
BMI(Kg/m?) 22.96 + 3.23 23.26 + 3.30 .34
Hu value 79.71 £ 25.40 83.76 £ 26.14 1.00
Cement volume 4.70 £ .80 3.12£.77 ]|
Cement leakage A7
No 291(70.5%) 96(64.4%)
Yes 122(29.5%) 53(35.6%)
TL junction 8l
No 148(35.8%) 55(36.9%)
Yes 265(64.2%) 94(63.1%)
Preoperative angle 18.33 £ 5.86 18.79 £ 6.07 41
Postoperative angle 12.05 £ 4.67 13.07 + 6.45 .08
Change angle 6.28 + 4.00 572 + 3.52 13
Bisphosphonates 92
No 136(32.9%) 48(32.2%)
Yes 277(67.1%) 101(67.8%)
Smoking .60
No 243(58.8%) 84(56.4%)
Yes 170(41.2%) 65(43.6%)
Alcohol .08
No 230(55.7%) 95(63.8%)
Yes 183(44.3%) 54(36.2%)
Fracture history .34
No 228(55.2%) 89(59.7%)
Yes 185(44.8%) 60(40.3%)
Re-fracture 1.00
No 313(75.8%) 113(75.8%)
Yes 100(24.2%) 36(24.2%)

BMI: body mass index; Hu: Hounsfield unit; TL: thoracolumbar.

information on the patients in both groups is shown in
Table 1. In the modeling population, the general charac-
teristics of the training set and testing set of patients are
shown in Table 2. In the training set, there were significant
differences between the NVCFs group and the N-NVCFs
group in terms of age, Hu value, cement leakage, and TL
junction fracture (Table 3). Multivariate analysis showed
that lower age, Hu value, cement leakage, and TL junction
fracture were independent risk factors for NVCFs after
PKP surgery (Table 4). A novel nomogram model was
constructed based on 4 independent risk factors (Figure 2).

Validation of the Nomogram Model

The constructed nomogram model was validated by the
populations of internal and external populations. In the
modeling population, the C-index of this model was .85 in
the training set, which shows that this model has high

accuracy. In the testing set and the validation population,
the C-index were .88 and .87, respectively. ROC curves
were plotted in this study, and the area under the ROC
curve (AUC) was calculated for the training set, testing
sets, and validation population (Figure 3). The calibration
curve results show excellent agreement between the pre-
dicted probability and the actual probability of occurrence
of NVCFs (Figure 4). The DCA results show that if its
threshold is maintained at the 1%-91% range, the nomo-
gram model we constructed is an excellent tool for pre-
dicting the occurrence of NVCFs (Figure 5).

A good model is easy to use in primary care, and the
nomogram model is superior to other models in terms of
accuracy and convenience. This model was performed by
plotting a predictor’s associated independent risk factors
high and low with scaled line segments. The prediction
scores corresponding to each risk factor were then summed
to obtain the total score. Finally, the probability of
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Table 2. Demographic Characteristics of the Training Set and Testing Set.
Characteristics Training set(292) Testing set(121) P value
Gender .68
Male 88(30.1%) 34(28.1%)
Female 204(69.9%) 87(71.9%)
Age(year) 7246 £ 6.99 72.50 + 6.57 .96
BMI(Kg/m?) 23.01 +3.24 22.73 £ 3.19 .34
Hu value 79.67 + 2545 79.86 + 25.37 .94
Cement volume 447 + .80 479 +.79 .16
Cement leakage .59
No 208(71.2%) 83(68.8%)
Yes 84(28.8%) 38(31.4%)
TL junction .60
No 107(36.6%) 41(33.9%)
Yes 185(63.4%) 80(66.1%)
Preoperative angle 18.60 + 5.88 17.67 £ 5.79 .14
Postoperative angle 12.28 + 4.64 11.49 £ 4.69 12
Change angle 6.32 £ 4.05 6.17 + 3.89 74
Bisphosphonates 47
No 93(31.8%) 43(35.5%)
Yes 199(68.2%) 78(64.5%)
Smoking 40
No 168(57.5%) 75(62%)
Yes 124(42.5%) 46(38%)
Alcohol 93
No 163(55.8%) 67(55.4%)
Yes 129(44.2%) 54(44.6%)
Fracture history .70
No 163(55.8%) 65(53.7%)
Yes 129(44.2%) 56(46.3%)
Re-fracture .67
No 223(76.4%) 90(74.4%)
Yes 69(23.6%) 31(25.6%)

BMI: body mass index; Hu: Hounsfield unit; TL: thoracolumbar.

occurrence of NVCFs was calculated. For example, the Hu
value was 50 in an 80-year-old patient. The fractured
segment was the TL junction, there was cement leakage,
the age was 45, the Hu score was 77, the TL junction score
was 28, the cement leakage score was 26, and the total
score was 45+77+28+26 = 176, which was equivalent to
82% of the risk of NVCFs after the PKP operation.

Discussion

Minimally invasive surgery (PKP/PVP) is 1 of the best
ways to treat patients with OVCF and has effectively
relieved patients’ low back pain.'* Despite the many ad-
vantages of this technique, postoperative complications are
common.'> Some studies reported 6.5%-34.8% recurrence
of NVCFs in patients who underwent PKP surgery.'®!"?
There are various risk factors for NVCFs, and articles have
been published that point to cement leakage,

thoracolumbar junction, age, low bone density, and sagittal
imbalances as independent risk factors for NVCFs.?** In
this study, we found that a low Hu value, bone cement
leakage, and TL junction are independent risk factors by
multivariate regression analysis for the occurrence of
NVCFs after surgery. By obtaining clinically available risk
factors, this study is the first to construct a nomogram
model of postoperative refracture in PKP, which can help
surgeons to estimate the probability of postoperative
refracture and develop individualized treatment plans for
patients.

In a previous study, bone mineral density (BMD) was
used to indicate the degree of osteoporosis, and dual-
energy X-ray absorptiometry (DXA) was considered as
the tool of choice for measuring BMD.* Osteoporosis
occurs when the BMD (T value) is less than or equal to
—2.5 in affected individuals compared to healthy young
adults.”* However, these thresholds were initially used to
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Table 3. Preoperative Demographic Characteristics in the Training Set.

Characteristics N-NVCF(223) NVCF(69) P value
Gender 12
Male 62(27.8%) 26(37.7%)
Female 161(72.2%) 43(62.3%)
Age(year) 71.26 £ 6.67 7633 £ 6.63 <.0l
BMI(Kg/m?) 23.21 £ 3.12 22.59 + 3.58 A7
Hu value 84.44 + 23.59 64.17 + 25.24 <.0l
Cement volume 4.65 +.79 473 + .82 44
Cement leakage <.0l
No 176(78.9%) 32(46.4%)
Yes 47(21.1%) 37(53.6%)
TL junction <.0l
No 96(43.0%) 11(15.9%)
Yes 127(57.0%) 58(84.1%)
Preoperative angle 18.81 £ 5.98 17.92 £ 5.53 27
Postoperative angle 12.43 + 4.55 11.80 + 4.92 .33
Change angle 6.38 + 4.46 6.12 £ 228 .64
Bisphosphonates 76
No 70(31.4%) 23(33.3%)
Yes 153(68.8%) 46(66.7%)
Smoking 93
No 128(57.4%) 40(58.0%)
Yes 95(42.6%) 29(42.0%)
Alcohol .89
No 124(55.6%) 39(56.5%)
Yes 99(44.4%) 30(43.5%)
Fracture history 49
No 127(57.0%) 36(52.2%)
Yes 96(43.0%) 33(47.8%)

BMI: body mass index; Hu: Hounsfield unit; TL: thoracolumbar; N-NVCFs: non- new vertebral compression fractures.

assess the prevalence of osteoporosis rather than guide
treatment thresholds.?” Related studies have suggested that
BMD often overestimates T values when evaluating pa-
tients with spinal deformities or severe osteophytes.'?
Previous research suggested that structural changes in
the spine will result in a 20% error rate in the T value
obtained by DXA.?® Therefore, it is necessary to find a new
method of measuring BMD to improve the accuracy.
Quantitative computerized tomography has received much
attention in recent years. CT is more widely used in clinical
practice and has a more significant advantage in diag-
nosing vertebral fractures. Therefore, we transformed the
CT images through PACS software to obtain the Hu value
and used the Hu value to assess the degree of osteoporosis
in patients. With the progressive use of the Hu value in
clinical practice, some scholars consider the Hu value as an
essential complement to BMD.*”** Hendrickson et al.
performed a retrospective analysis by comparing Hu and T
values and showed that even though the lumbar Hu value
was less than the T value, high sensitivity and specificity of

the results could be achieved by adjusting the threshold.*
In the present study, we included the Hu value as a factor
for the occurrence of NVCFs, and the results of multi-
factorial regression analysis showed that the Hu value
was an independent risk factor. Ji et al in 2020, retro-
spectively analyzed a study of 317 patients with OVCFs.
They showed that the Hu value less than 50 was an in-
dependent risk factor for the vertebral body in collapse
fracture, which remained consistent with our findings.*’

The age in the training set NVCFs vs N-NVCFs groups
was (76.33 £ 6.63) vs (71.26 + 6.67), respectively, with a
significant difference between the 2 groups of patients.
After a binary retrospective analysis, advanced age was an
independent risk factor for the development of NVCFs.
Takahara et al®! retrospectively analyzed 61 female pa-
tients with a mean age of 78.9 years. 14 patients had
vertebral refractures within 1 month after undergoing PVP,
and regression analysis revealed that older age was an
independent risk factor for vertebral refractures. A current
study by Cui et al. showed that less outdoor exercise
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Table 4. Univariate and Multivariate Logistic Analysis of Risk Factors of Non- New Vertebral Compression Fractures After
Osteoporotic Vertebral Compres'sion Fracture.

Univariate Multivariate
Characteristics OR(95%Cl) P value OR(95%Cl) P value
Gender(female) .64(.36-1.12) 12
Age(year) 1.12(1.07-1.17) <.0l 1.12(1.07-1.18) <.0l
BMI(Kg/m?) .94(.86-1.03) A7
Hu value .96(.95-.97) <.0l .96(.94-.98) <.0l
Cement volume 1.15(.81-1.62) 44
Cement leakage(yes) 4.33(2.44-7.67) <.0l 3.71(1.89-7.28) <.0l
TL junction(yes) 3.99(1.99-8.00) <.0l 4.10(1.84-9.12) .01
Preoperative angle 9.74(.93-1.02) 27
Postoperative angle 97(91-1.03) .33
Change angle .98(.92-1.05) .64
Bisphosphonates(yes) .92(.52-1.63) 76
Smoking(yes) .98(.57-1.69) 93
Alcohol(yes) .96(.56-1.66) .89
Fracture history(yes) 1.21(.71-2.08) 49

NVCF: new vertebral compression fracture; OVCF: osteoporotic vertebral compression fracture; BMI: body mass index; Hu: Hounsfield unit; TL:

thoracolumbar.

) 0 10 20 30 40 50 60 70 80 90 100
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Figure 2. The nomogram for predicting New vertebral compression fractures in patients with osteoporotic vertebral compression
fracture after percutaneous kyphoplasty operation. Each risk factor was assigned a point, which was summed to give a total point
that corresponded to the probability of the hazard on the bottom row of the figure according to the total point.

increased the risk of osteoporotic fractures as patients aged
and that increased exercise reduced this risk.*” In a meta-
analysis conducted by Mao et al.*>' in 2021, 1882 patients
were included in 9 articles, of which 340 had a diagnosis of
NVCFs, and their results showed that older age and cement

leakage were independent risk factors for vertebral
refracture.

Bone cement is the most commonly used in PKP and
provides rapid pain relief to patients when injected into the
fractured vertebral body. However, cement leakage is
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Figure 3. Comparison of the area under the receiver operating characteristic curve between nomogram independent predictors in

the training set (A), testing set (B), and validation population(C)
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Figure 5. Comparison of decision curve analyses between the training set (A), testing set (B), and validation population(C).

prone to occur during cement injection, and most patients
are asymptomatic.”® Baek et al. showed that leakage of
bone cement did not increase the risk of refracture.”> In
contrast, Mao et al.*! performed a meta-analysis in 2021,
and the results showed a strong correlation between bone
cement leakage and vertebral refracture. A study on

cement leakage showed that 14.7% of patients with ver-
tebral fractures underwent minimally invasive treatment-
experienced intraoperative cement leakage.>® Therefore,
some studies have also found a correlation between ver-
tebral refracture and cement leakage,”®! consistent with
the results of the present study. The intervertebral disc is a
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cushioning device between 2 vertebral bodies. When the
bone cement leaks through the upper and lower vertebral
plates into the disc, the cushioning capacity of the disc
decreases, increasing the stress on the adjacent vertebral
body and, therefore, refracture of the adjacent vertebral
body is likely to occur.*'** Ahn et al.®’ insisted that the
cause of refracture of non-adjacent vertebrae is the dy-
namic hammer effect due to the different mobilities of
different segments of the spine. Therefore, when injecting
bone cement into fractured vertebrae, it should be injected
slowly under fluoroscopy to minimize cement leakage and
reduce postoperative complications.

TL junction fractures are a common site for vertebral
compression fractures. In this study, 63.9% of patients had
a TL segment fracture. In a recent study meta-analysis by
Yu et al.*®, nine articles were included, and after analysis, 5
independent risk factors for vertebral refracture were
identified, including fractures of the TL segment, which is
in line with our study. Holmes et al.*” studied 260 fractured
vertebrae in 152 patients. Since the TL segment makes up
the biomechanical anatomy of the transition zone and is
significantly more mobile than other non-TL segments,
their results showed that the TL segment is the most
common site of fracture in the spine.

The nomogram model has been widely used in clinical
settings. A large sample identifies risk factors for the
occurrence of certain disease and constructs a nomogram
model. Therefore, we developed a nomogram model and
applied it to provide more accurate and individualized
guidance and advice to patients with recurrent vertebral
collapse fractures.

There are some shortcomings in this study. First, this
was a retrospective study, and there was some bias in the
selection of patients. However, we reduce this defi-
ciency by using a relatively large sample size; Second,
the nomogram model has been validated by internal and
external tests, but there is a lack of other data from
different hospitals and regions for validation. Third,
the risk factors included in this study are readily
available in the clinical setting. We believe that the
model applies to any area and hospital; Thirdly, The risk
factors included in this study were the Hu value rather
than T values, thus improving the accuracy of this study.
However, when measuring these 2 indicators, different
hospitals cannot guarantee the use of the same type of
equipment, so some errors exist.

Conclusion

The age, Hu value, cement leakage, and TL junction
fracture were risk factors for NVCFs after undergoing
surgical treatment according to multifactorial regression
analysis. A nomogram model was constructed using
these factors. This model can help surgeons in the

aggressive postoperative management of vertebral
fractures in elderly patients with osteoporosis, thereby
reducing the incidence of NVCFs and avoiding the
waste of health care resources.
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