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A predictive nomogram for
intradiscal cement leakage in
percutaneous kyphoplasty for
osteoporotic vertebral
compression fractures combined
with intravertebral cleft
Ning Fan†, Tianyi Wang†, Aobo Wang, Shuo Yuan, Peng Du,
Fangda Si, Wenyi Zhu, Jian Li and Lei Zang*

Department of Orthopedics, Beijing Chaoyang Hospital, Capital Medical University, Beijing, China

Background: For patients with osteoporotic vertebral compression fractures
(OVCFs) treated with percutaneous kyphoplasty (PKP), the occurrence and
risk factors of intradiscal cement leakage should be characteristic of the
presence of intravertebral cleft (IVC). This study aimed to identify risk factors
for intradiscal leakage in individuals with OVCFs combined with IVC treated
with PKP and build a powered and well-calibrated predictive nomogram.
Methods: This study retrospectively reviewed consecutive patients who
underwent PKP at our center between January 2016 and May 2021. Patients
diagnosed with OVCFs combined with IVC were identified, and the
incidence of different types of bone cement leakage was recorded. Risk
factors for intradiscal leakage among the demographic, perioperative
baseline, and radiologic data were identified, following which a nomogram
was developed and verified.
Results: A total of 109 eligible patients were included, and the intradiscal
leakage rate was 32.1%. Compression rate (odds ratio [OR] 0.025; 95%
confidence interval [CI] 0.002–0.264; P= 0.002) and cemented vertebral
body fraction (OR 44.122; 95% CI 2.790–697.740; P=0.007) were identified
as independent risk factors. A predictive nomogram with good predictive
power (C-statistic = 0.786) and fitness of data (Hosmer–Lemeshow
goodness-of-fit test, P= 0.092) was established to build a quantitative
relationship between the risk factors and intradiscal leakage.
Conclusion: The incidence rate of intradiscal leakage in PKP for OVCFs
combined with IVC was 32.1%. Compression rate and cemented vertebral
body fraction were identified as independent risk factors. A powered and
well-calibrated nomogram was established to accurately predict the
probability of intradiscal leakage. Further prospective and multicenter studies
are required to verify and calibrate our findings.
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Introduction

Osteoporotic vertebral compression fractures (OVCFs) are

common among the elderly population and are characterized

by pain, dysfunction, and loss of mobility and independence (1,

2). Conservative treatments, such as bracing, early mobilization,

and osteoporotic treatment, have been proven effective for pain

relief and functional improvement in most cases (2, 3).

However, conservative treatment can still fail in certain

individuals, causing persistent back pain and low quality of life

(4). Recently, minimally invasive vertebral augmentation

techniques, including percutaneous vertebroplasty (PVP) and

percutaneous kyphoplasty (PKP), have been considered

alternative options for the treatment of OVCFs (5–7). These

procedures have the merits of partial vertebral height

restoration and wedge deformity reversion (7). Although

good clinical outcomes have been observed in most

patients, these techniques are still associated with several

complications.

Bone cement leakage (BCL) is one of the most common

complications of vertebral augmentation techniques, the

incidence of which varies from 7.9% to 79.9% (8–24).

Traditionally, BCL is classified into three types: through the

basivertebral vein (type B), through the segmental vein

(type S), and through the cortical defect (type C) (25).

However, a specific type, intradiscal leakage (type D), was

distinguished from type C leakage by Tomé-Bermejo et al.

(17). More attention should be paid to type D leakage, as it

has been found associated with a higher incidence of adjacent

vertebral fractures and subsequent pain (12, 26, 27).

Previous studies showed that the presence of intravertebral

cleft (IVC) increases the incidence of intradiscal leakage after

vertebral augmentation, which may attribute to the direct

connection between the intervertebral disc space and

intervertebral vacuum through endplate damage (13, 18, 20,

22). However, it still remains controversial and converse

opinion was reported that the presence of IVC had no effect

or even preventive effect to intradiscal leakage (12, 17, 28). A

reasonable theory is that the cystic cavity in the vertebrae

could promote a more homogeneous and controlled filling of

the fractured vertebral body, decreasing the pressure of bone

cement and risk of leakage (17).

The incidence of intradiscal leakage is low after PKP, and

the reason is similar to the abovementioned theory that the

inflatable balloon can create an iatrogenic cystic cavity-like

space (9, 19, 29, 30). Nevertheless, there were still cases of

intradiscal leakage, as high as 15.2%–22.6%, after PKP in

some studies (11, 12, 24). In addition, interestingly, the

preventive efficacy of intradiscal leakage seemed not to be

strengthened by the presence of IVC in patients with OVCFs

treated with PKP, and an even higher leakage rate was

reported (11, 24). The exact reason for this remains unclear,
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and it is of great interest to determine whether there are

specific triggers that balance these two theories.

Therefore, this study aimed to identify risk factors for

intradiscal leakage and build a powered and well-calibrated

predictive nomogram in individuals with OVCFs combined

with IVC treated with PKP, to further explore clinical

strategies to prevent intradiscal leakage in such patients.
Methods

Patient population

This study retrospectively reviewed consecutive patients

who underwent PKP at our center between January 2016 and

May 2021. The inclusion criteria were as follows: (1) age >55

years; (2) diagnosis of OVCFs from T7 to L5 based on

evidence shown on preoperative radiography or CT and MRI

(performed within 2 weeks before surgery); (3) severe back

pain aligned with imaging tests; and (4) clear diagnosis of

IVC. IVC was identified as a transverse, linear, or cystic

region of gas-like hypointensity in the collapsed vertebral

body shown on MRI T1-weighted sequences and

hyperintensity on MRI T2 short-tau inversion recovery

sequences (17, 28, 30). To control for confounding factors, we

excluded patients who met the following exclusion criteria: (1)

previous spinal surgery; (2) multilevel PKP; (3) preoperative

tumor, infection, or deformity; and (4) incomplete data. This

study was approved by the institutional review board.
Surgical technique

PKP was performed in the prone position under local

anesthesia, and all of the procedures were conducted by a

unilateral transpedicular approach. A needle and inflatable

balloon (Medtronic Sofamor Danek, Memphis, TN, United

States) were inserted through the working channel into the

fractured vertebral body under visualization with lateral and

anteroposterior fluoroscopy. Then, a kyphoplasty balloon

was used to inflate and create the cavity. Subsequently, the

balloon was deflated, removed, and filled with viscous

polymethylmethacrylate (Mendec Spine Cement; Tecres SPA,

Verona, Italy) under fluoroscopic guidance. The procedure

was stopped immediately once BCLs were detected. The

surgical time and cement volume were recorded.
Imaging evaluation and risk factors

BCL was assessed by postoperative radiography or CT,

which were performed within three days after PKP. BCL was

defined as the presence of extravertebral cement (Figure 1).
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FIGURE 1

An illustrative case of an 81-year-old male patient underwent intradiscal leakage after PKP for OVCFs combined with IVC. A fracture in T12 was
detected and the presence of an IVC (the white arrows) was confirmed by a gas-like density shown on preoperative CT (A), hypointensity shown
on preoperative MRI T1-weighted sequences (B), and hypointensity shown on MRI T2 short-tau inversion recovery (C). Preoperative segmental
kyphotic angle (α) and vertebral wedge angle (β) were measured on lateral radiograph (D). Intradiscal leakage was identified by postoperative
radiographs (E,F).
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Furthermore, BCL was classified into four types based on the

location of the extravertebral cement according to Tomé-

Bermejo et al. (17): (1) through the basivertebral vein

(type B), (2) through the segmental vein (type S), (3) through

the cortical defect and extraosseous non-intradiscal (type C),

and (4) intradiscal leakage (type D).

Potential risk factors for intradiscal leakage in PKP for

OVCFs combined with IVC were divided into two categories:

First, demographic and perioperative baseline data included

age, sex, weight, body mass index (BMI), overweight, obesity,

time before surgery, bone mineral density (BMD), surgical

level, and cement volume. Second, radiologic data included

fracture type, fracture severity, presence of endplate cortical

disruption, location of IVC, preoperative vertebral wedge

angle, segmental kyphotic angle, minimum vertebral height,

compression rate (CR), and cemented vertebral body fraction

(CVBF).

Fractures were divided into three types based on a visual

semiquantitative classification (31): wedge, biconcave, and

crush type. According to the percentage of vertebral body

collapse modified by Nieuwenhuijse et al. (18), fracture
Frontiers in Surgery 03
severity was graded into the following four levels: mild (20%–

25%), moderate (25%–40%), severe (40%–67%), and very

severe (>67%). The location of IVC was classified as follows:

adjacent to the superior endplate, adjacent to the inferior

endplate, and extending to both endplates (32).

All imaging parameters were evaluated on lateral

radiographs. Vertebral wedge angle was measured as the

angle between the superior and inferior endplates of the

fractured vertebra, and segmental kyphotic angle was

measured as the angle between the superior and inferior

endplates of the two adjacent vertebrae. Minimum vertebral

height was defined as the minimum height of the fractured

vertebra. CR was calculated as fractured vertebral minimum

vertebral height divided by the average vertebral heights of

the two adjacent vertebrae (10). Furthermore, we measured

CVBF to determine the individual efficacy of the cement

injection volume. CVBF was calculated as the ratio of CV to

fractured vertebral volume (33). Fractured vertebral volume

was calculated by volume reconstruction of DICOM files of

preoperative CT axial images using Mimics 21.0 (Materialize,

Leuven, Belgium).
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Statistical analysis

Univariate and multivariate analyses were conducted using

SPSS 24.0 (IBM, Armonk, NY, United States). Potential risk

factors for intradiscal leakage were divided into demographic,

perioperative baseline, and radiologic data. First, Student t-test

or Mann–Whitney U test for continuous variables, and chi-

square tests or Fisher exact tests for categorical variables were

used for univariate analysis. Next, potential risk factors (P <

0.10 in univariate analysis) were included in the logistic

regression model, and the stepwise forward method was

performed for multivariate analysis. Statistical significance was

set at a P-value <0.05. Finally, a nomogram was built as a

predictive model based on logistic regression analysis using R

4.1.2 (R Foundation for Statistical Computing, Vienna,

Austria). Receiver operating characteristic (ROC) curves were

drawn, and C-statistics were calculated to determine the

predictive power of the logistic regression model and

nomogram. The calibration curve and Hosmer–Lemeshow

goodness-of-fit tests were used to evaluate the fitness of the data.
TABLE 2 Univariate analysis of demographic and perioperative
baseline data for intradiscal leakage.
Results

A total of 109 eligible patients (40 men and 69 women) were

included in this study. The mean age of the enrolled patients

was 77.5 ± 7.9 years. The most common surgical levels were

the thoracolumbar vertebrae (83.5%), followed by the lumbar

vertebrae (11.0%) and thoracic vertebrae (5.5%). The median

time from injury to surgery was 44 days. A total of 100

(91.7%) patients had endplate cortical disruption. Overall,
TABLE 1 Clinical baseline characters.

Clinical baseline characters (N = 109) Mean ± SD or N (%)

Age, years 77.5 ± 7.9

Gender (female), n 69 (63.3%)

Surgical level, n

Thoracic (upper than T10) 6 (5.5%)

Thoracolumbar (T10–L2) 91 (83.5%)

Lumbar (lower than L2) 12 (11.0%)

Endplate cortical disruption, n 100 (91.7%)

Time before surgery, daysa 44 (38–60)

BLC, nb 41 (37.6%)

Type B 2 (1.8%)

Type S 7 (6.4%)

Type C 5 (4.6%)

Type D 35 (32.1%)

SD, standard deviation; BCL, bone cement leakage.
aResults are given as the median (interquartile range).
bSum of different types is not equal to overall BLC because there are patients

identified more than one type of leakage.
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41 (37.6%) patients had BCLs, including 35 (32.1%) with type

D, 7 (6.4%) with type S, 5 (4.6%) with type C, and 2 (1.8%)

with type B (Table 1).

Among demographic and perioperative baseline data, CV

(6.0 [5.5–7.5] ml vs. 4.5 [3.0–6.1] ml, P < 0.001) was found to

be significantly higher in the intradiscal leakage group than in

the control group. Age, sex, weight, BMI, overweight or

obesity, time from injury to surgery, BMD, and surgical level

did not significantly differ between the two groups (Table 2).

In radiologic data, there were significant difference in fracture

severity (P = 0.008), with more severe fracture and fewer mild

fracture in the intradiscal leakage group. Also, we found lower

minimum vertebral height (12.3 ± 3.7 vs. 15.6 ± 5.1, P = 0.001),

lower CR (51.8 ± 18.2 vs. 66.8 ± 19.1, P < 0.001), and higher

CVBF (35.0 ± 15.9 vs. 23.8 ± 15.3, P = 0.001) in the intradiscal

leakage group (Table 3). Although all patients in the

intradiscal leakage group had existing endplate cortical

disruption, the incidence did not significantly differ from that

in the control group (35/35 [100%] vs. 65/74 [87.5%], P =

0.075). 9 patients were found without endplate cortical

disruption in the control group, including 5 combined with

cortical disruption in anterior wall, 2 combined with cortical

disruption in posterior wall, and 2 without any cortical

disruption.

To build a logistic regression model, we selected cement

volume, fracture severity, endplate cortical disruption,

minimum vertebral height, CR, and CVBF as potential risk

factors (P < 0.1). However, we excluded cement volume,
Variable Intradiscal
leakage group

(N = 35)

Control
group
(N = 74)

P
value

Age, year 78.0 ± 9.0 77.3 ± 7.3 0.635

Gender (female), n 22 (62.9%) 47 (63.5%) 0.947

Weight, kg 62.6 ± 12.8 62.5 ± 12.1 0.972

BMI, kg/m2 24.4 ± 4.7 23.4 ± 3.7 0.209

Overweight
(BMI 25–30), n

15 (42.9%) 23 (31.1%) 0.228

Obesity (BMI≥ 30), n 4 (11.4%) 2 (2.7%) 0.157

Time before surgery, days* 50 (39–80) 43 (38–60) 0.128

BMD, T-score −3.2 ± 0.6 −3.0 ± 0.7 0.587

Surgical level, n 0.855

Thoracic (upper than T10) 2 (5.7%) 4 (5.4%)

Thoracolumbar (T10–L2) 30 (85.7%) 61 (82.4%)

Lumbar (lower than L2) 3 (8.6%) 9 (12.2%)

CV, ml* 6.0 (5.5–7.5) 4.5 (3.0–6.1) <0.001

BMI, body mass index; BMD, bone mineral density; CV, cement volume.

Bold values indicate statistical significance (P < 0.05).

*P values were calculated via the Mann–Whitney U test and results are given as

the median (interquartile range).
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TABLE 3 Univariate analysis of radiologic data for intradiscal leakage.

Variable Intradiscal
leakage group

(N = 35)

Control
group
(N = 74)

P
value

Fracture type, n 0.102

Wedge 13 (37.1%) 31 (41.9%)

Biconcave 22 (62.9%) 38 (51.4%)

Crush 0 (0) 5 (6.8%)

Fracture severity, n* 0.008

Mild** 0 (0) 9 (12.2%)

Moderate 9 (25.7%) 25 (33.8%)

Severe** 18 (51.4%) 21 (28.4%)

Very severe 5 (14.3%) 5 (6.8%)

Endplate cortical disruption, n 35 (100%) 65 (87.8%) 0.075

Location of ICV, n

Adjacent to superior endplate 17 (48.6%) 34 (45.9%) 0.798

Adjacent to inferior endplate 3 (8.6%) 11 (14.9%) 0.542

Extending to both endplates 12 (34.3%) 20 (27.0%) 0.437

VWA, ° 13.3 ± 6.6 12.1 ± 7.4 0.397

SKA, ° 17.6 ± 13.5 16.2 ± 15.4 0.657

VHmin, cm 12.3 ± 3.7 15.6 ± 5.1 0.001

CR, % 51.8 ± 18.2 66.8 ± 19.1 <0.001

CVBF, % 35.0 ± 15.9 23.8 ± 15.3 0.001

IVC, intravertebral cleft; VWA, vertebral wedge angle; SKA, segmental kyphotic

angle; VHmin, minimum vertebral height; CR, compression rate; CVBF,

cemented vertebral body fraction.

Bold values indicate statistical significance (P < 0.05).

*17 patients were excluded because their vertebral body collapses were less

than 20%.

**Indicates significant difference between pairwise comparison (Bonferonni

adjusted P < 0.05).

TABLE 4 Multivariate logistic analysis for intradiscal leakage.

Variable OR 95% confidence
interval

P
value

Endplate cortical
disruption

– – 0.099

CR 0.025 0.002–0.264 0.002

CVBF 44.122 2.790–697.740 0.007

OR, odds ratio; CR, compression rate; CVBF, cemented vertebral body fraction.

Bold values indicate statistical significance (P < 0.05).
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fracture severity, and minimum vertebral height as they showed

significant collinearity with others and had negative effects on

model prediction. Stepwise forward binary logistic analysis

revealed that CR (odds ratio [OR] 0.025; 95% confidence

interval [CI] 0.002–0.264; P = 0.002) and CVBF (OR 44.122;

95% CI 2.790–697.740; P = 0.007) were independent risk

factors (Table 4).

Based on the results of the multivariate logistic analysis, a

predictive nomogram was established (Figure 2). CR and
Frontiers in Surgery 05
CVBF, as independent risk factors, were scored, and a

quantitative relationship with intradiscal leakage was built in

patients with OVCFs combined with IVC treated with PKP.

Then, the ROC curves of CR, CVBF, and overall predicted

probability were drawn and showed good predictive power

(C-statistic = 0.786) for the multivariate logistic model and

nomogram (Figure 3). The calibration curve showed good

fitness of the data and a well-calibrated predictive model

(Hosmer–Lemeshow goodness-of-fit test P = 0.092; Figure 4).
Discussion

For patients with OVCFs treated with PKP, the occurrence

and risk factors of intradiscal cement leakage should be

characteristic of the presence of IVC. However, to the best of

our knowledge, the present study is the first to provide a

unique insight into identifying risk factors for intradiscal

leakage among such specific individuals. Our results revealed

that the incidence of overall BCLs was 37.6%, whereas

intradiscal leakage was the most common type, which

developed in 32.1% of patients. CR and CVBF were identified

as independent risk factors, and a powered and well-calibrated

predictive nomogram was established to further explore the

clinical strategies to prevent intradiscal leakage in such patients.

The presence of IVC may have conflicting effects on the

different types of BCLs. Several studies have indicated that

IVC decreases the risk of leakage through the veins (types B

and S) (17, 28, 34, 35), and the effects may be multifactorial.

First, IVC is caused by avascular osteonecrosis, and the area is

surrounded by a fibrocartilaginous membrane, which makes

the cement hard to extrude into the paravertebral veins (28).

Moreover, pathological evidence showed that the occlusion of

segmental arteries caused by fracture fragments and poor

vascular supply beneath the superior endplate, where most

IVCs occur, both contributed to a lower probability of venous

leakage (36). In contrast, previous studies have recognized

that the presence of IVC increases the risk of discal leakage,

mainly because most clefts are connected directly between the

intravertebral cavity and intradiscal area through the

disrupted endplate, providing a low stress approach for

cement distribution (13, 18, 20, 22, 31, 37, 38). In agreement

with these findings, this study also found a lower incidence of

8.3% in venous leakage compared to as high as 32.1% in

discal leakage in OVCFs combined with IVC.

Interestingly, in a recent study on BCLs after PVP (34),

although a similar conclusion was drawn that IVC had

opposite impacts on leakage through the vein and bone

cortex, we noticed that the overall incidence of venous leakage

was still higher than that of discal leakage (37.4% vs. 16.5%),

contrary to our results. The authors believe that this is mainly

because PKP exacerbates this contradiction. On the one hand,

the inflated balloon may cause more occlusion or damage to
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FIGURE 2

Predictive nomogram for intradiscal leakage in osteoporotic vertebral compression fractures combined with intravertebral cleft treated by
percutaneous kyphoplasty.

FIGURE 3

Receiver operating characteristic (ROC) curve of compression rate, cemented vertebral body fraction, and overall predicted probability, C-statistic =
0.786.
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the vascular system, leading to less cement leakage into the

veins. On the other hand, the ballooning procedure may play

a jack-like role when IVC is present, which results in pushing

the normal bone apart to aggravate the cleft instead of

compressing the bone (39). Together with the presence of a

fibrocartilaginous membrane, the cement will not form an

interdigitated but a crumby distribution and will leak into the

disc through the increased cleft when filling the vacuum.
Frontiers in Surgery 06
However, these findings should be verified in further

anatomical and pathophysiological studies.

In this study, the incidence of type D leakage was higher

than 3.7%–18.0% reported by previous studies of PKP for

treatment of OVCFs with IVC (11, 24, 29). We believe that

there are two main reasons for this. First, cortical disruption

has generally been identified as a risk factor for intradiscal

leakage (10, 12, 13, 18, 37). Of the patients enrolled in our
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https://doi.org/10.3389/fsurg.2022.1005220
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


FIGURE 4

Calibration curve of the nomogram showed a well-calibrated predictive model, Hosmer–Lemeshow goodness-of-fit test P= 0.092.
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study, 91.7% had endplate cortical disruption and 97.0% were

found to communicate with the IVCs. Second, approximately

45.0% of patients had severe or very severe fractures, yet the

mean CV (5.5 ± 2.8 ml) was relatively large, which may

account for the high incidence of intradiscal leakage. Wang

et al. suggested that meticulous expansion of the balloon and

filling with cement could prevent the risk of cement leakage

to some extent (30). However, these procedures were difficult

to perform in our experience, especially for patients with

severe fractures, as we should balance well between the

maximum restoration of vertebral height and prevention of

BCLs for better prognosis, and the threshold was difficult to

identify. Therefore, further identification of quantitative

predictors of intradiscal leakage is of great benefit and

requirement.

Previous studies have evaluated the relationship between

fracture severity and intradiscal leakage after vertebral

augmentation techniques (10, 12–14, 17, 18). Generally, the

measurements of the severity of OVCFs can be divided into

semiquantitative methods (17, 31) and quantitative

parameters, such as fractured vertebral height and CR. In a

retrospective study of 283 vertebrae in 239 patients with

OVCFs, fracture severity was not recognized as a risk factor

for intradiscal leakage (12). However, most studies have

identified severe fracture as an independent risk factor (10, 13,

14, 17, 18). Similarly, the present study comprehensively

evaluated semiquantitative and quantitative parameters of

fracture severity and found that CR was the only independent

risk factor. This can be explained by more severe vertebral

fractures aligned with more endplate destruction, which may

shorten the path between the IVC cavity and the destroyed

endplate. In addition, severe vertebral fractures result in a less

volume of vertebra, which limits the potential of filling the

cement and increases the risk of cement leakage (10).
Frontiers in Surgery 07
The role of the injected cement volume in intradiscal

leakage remains conflicting and unclear (10, 12, 14, 26, 40).

Chen et al. found that a greater amount of injected cement

resulted in a higher tendency for cement leakage in the disc

during PVP (26). Similarly, in a 10-year retrospective study of

485 patients, Zhu et al. identified that lower cement volume

had a protective effect against intradiscal leakage in PVP (14).

However, an association between cement volume and

intradiscal leakage has not been found in other studies (10,

12, 40). The authors believe that the inconsistency may partly

be attributed to the fact that these studies did not adjust

cement volume to a specific vertebral volume in different

individuals. For instance, an amount of 4.5 ml cement volume

has different effects among different vertebral sizes, as a small

and severely fractured vertebra was not likely to contain such

a cement volume, thus leading to cement leakage. Therefore,

the present study used CVBF, a vertebral volume-adjusted

parameter, in the risk factor analysis and identified it as an

independent risk factor for intradiscal leakage. The cavity area

of the IVC and inflated balloon was limited by vertebral

volume. When the cement fills a finite space, it tends to leak

through the path from the IVC to the destroyed endplate,

causing intradiscal leakage.

It is generally believed that endplate cortical disruption is a

crucial risk factor for intradiscal leakage (10, 12, 13). However,

although slightly more endplate cortical disruptions were found

in intradiscal leakage group in this study, the difference did not

reach statistical significance (35/35 [100%] vs. 65/74 [87.8%],

P = 0.075). The main reason for this may because all patients

enrolled in this study was with IVC, while IVC were found to

be communicated with the endplate cortical disruption in

89.0% patients. This resulted in a high incidence of endplate

cortical disruption, which may weaken its effect on

contributing to the discrepancy in the two groups. Moreover,
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Tang et al. demonstrated that all intradiscal cement leaks were

occurred through the cortical disruption at the endplates (35).

This was confirmed by this study, and we also found all

endplate cortical disruptions were communicated with IVC in

intradiscal leakage group. Therefore, we inferred that endplate

cortical disruption may be a requisite for intradiscal leakage

in patients with IVC, rather than just a risk factor. However,

we cannot draw an arbitrary conclusion, and further

pathophysiological studies were required.

The present study attempted to build a novel nomogram to

quantitatively predict the risk of discal leakage of PKP for the

treatment of OVCFs with IVC. Our nomogram, containing

CR and CVBF, showed a good predictive value (C-statistic =

0.786) and good fitness of data (Hosmer–Lemeshow

goodness-of-fit test P = 0.092). Among the two independent

risk factors, CR is an intrinsic risk factor that is non-

modifiable since injury, whereas CVBF is a modifiable risk

factor. This allows surgeons to calculate the most suitable

threshold of injected cement volume according to CR to

further reduce the risk of discal leakage in such individuals.

This study has some limitations. First, this was a

retrospective and single-center study, which may have led to a

selection bias. Second, the study had a relatively small sample

size and the outcome of the intradiscal leakage group was

limited to an even smaller sample size of 35 patients.

However, the number of events per variable included in the

logistic regression model should be greater than 10, which

indicates that the multivariate model was sufficiently stable in

this study. Moreover, several potential risk factors, including

cement viscosity, multilevel OVCFs, and surgeon experience,

were not analyzed. Further prospective, multicenter studies

with large population and comprehensive predictors are

required to verify and calibrate our findings.
Conclusion

The incidence of overall BCLs in PKP for OVCFs combined

with IVC was 37.6%, whereas intradiscal leakage was the most

common type, developed in 32.1% of patients. CR and CVBF

were identified as independent risk factors. A powered and

well-calibrated predictive nomogram was established to

accurately predict the probability of intradiscal leakage and

further explore clinical strategies to prevent intradiscal leakage
Frontiers in Surgery 08
in such patients. Further prospective and multicenter studies

are required to verify and calibrate our findings.
Data availability statement

The datasets generated during and/or analyzed during the

current study are available from the corresponding author on

reasonable request.
Ethics statement

The research conducted has been performed in accordance

with the Declaration of Helsinki. Approval for the study was

obtained from the ethics committees of the Beijing Chaoyang

Hospital (2021-KE-479).
Author contributions

NF and TW contributed equally to this work. NF and TW

designed and wrote this manuscript; WZ, JL, LZ conducted

manuscript review and editing; NF, TW, AW, SY, PD, FS

participated in data collection. All authors were involved in

writing the manuscript. All authors contributed to the article

and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their

affiliated organizations, or those of the publisher, the editors

and the reviewers. Any product that may be evaluated in this

article, or claim that may be made by its manufacturer, is not

guaranteed or endorsed by the publisher.
References
1. Goldstein CL, Chutkan NB, Choma TJ, Orr RD. Management of the elderly
with vertebral compression fractures. Neurosurgery. (2015) 77(Suppl 4):S33–45.
doi: 10.1227/NEU.0000000000000947

2. Ameis A, Randhawa K, Yu H, Côté P, Haldeman S, Chou R, et al. The global
spine care initiative: a review of reviews and recommendations for the non-
invasive management of acute osteoporotic vertebral compression fracture pain
in low- and middle-income communities. Eur Spine J. (2018) 27(Suppl
6):861–9. doi: 10.1007/s00586-017-5273-6

3. Scheyerer MJ, Spiegl UJA, Grueninger S, Hartmann F, Katscher S, Osterhoff
G, et al. Risk factors for failure in conservatively treated osteoporotic vertebral
fractures: a systematic review. Global Spine J. (2022) 12(2):289–97. doi: 10.1177/
2192568220982279
frontiersin.org

https://doi.org/10.1227/NEU.0000000000000947
https://doi.org/10.1007/s00586-017-5273-6
https://doi.org/10.1177/2192568220982279
https://doi.org/10.1177/2192568220982279
https://doi.org/10.3389/fsurg.2022.1005220
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Fan et al. 10.3389/fsurg.2022.1005220
4. Muratore M, Ferrera A, Masse A, Bistolfi A. Osteoporotic vertebral fractures:
predictive factors for conservative treatment failure. A systematic review. Eur
Spine J. (2018) 27(10):2565–76. doi: 10.1007/s00586-017-5340-z

5. Chandra RV, Maingard J, Asadi H, Slater LA, Mazwi TL, Marcia S, et al.
Vertebroplasty and kyphoplasty for osteoporotic vertebral fractures: what are
the latest data? AJNR Am J Neuroradiol. (2018) 39(5):798–806. doi: 10.3174/
ajnr.A5458

6. Griffoni C, Lukassen JNM, Babbi L, Girolami M, Lamartina C, Cecchinato R,
et al. Percutaneous vertebroplasty and balloon kyphoplasty in the treatment of
osteoporotic vertebral fractures: a prospective randomized comparison. Eur
Spine J. (2020) 29(7):1614–20. doi: 10.1007/s00586-020-06434-3

7. Landham PR, Baker-Rand HL, Gilbert SJ, Pollintine P, Annesley-Williams DJ,
Adams MA, et al. Is kyphoplasty better than vertebroplasty at restoring form and
function after severe vertebral wedge fractures? Spine J. (2015) 15(4):721–32.
doi: 10.1016/j.spinee.2014.11.017

8. Li W, Wang H, Dong S, Tang ZR, Chen L, Cai X, et al. Establishment and
validation of a nomogram and web calculator for the risk of new vertebral
compression fractures and cement leakage after percutaneous vertebroplasty in
patients with osteoporotic vertebral compression fractures. Eur Spine J. (2022)
31(5):1108–21. doi: 10.1007/s00586-021-07064-z

9. Chen C, Fan P, Xie X, Wang Y. Risk factors for cement leakage and adjacent
vertebral fractures in kyphoplasty for osteoporotic vertebral fractures. Clin Spine
Surg. (2020) 33(6):E251–5. doi: 10.1097/BSD.0000000000000928

10. Zhang TY, Zhang PX, Xue F, Zhang DY, Jiang BG. Risk factors for cement
leakage and nomogram for predicting the intradiscal cement leakage after the
vertebra augmented surgery. BMC Musculoskelet Disord. (2020) 21(1):792.
doi: 10.1186/s12891-020-03810-4

11. Li Z, Liu T, Yin P, Wang Y, Liao S, Zhang S, et al. The therapeutic effects of
percutaneous kyphoplasty on osteoporotic vertebral compression fractures with or
without intravertebral cleft. Int Orthop. (2019) 43(2):359–65. doi: 10.1007/s00264-
018-4007-7

12. Gao C, Zong M, Wang WT, Xu L, Cao D, Zou YF. Analysis of risk factors
causing short-term cement leakages and long-term complications after
percutaneous kyphoplasty for osteoporotic vertebral compression fractures. Acta
Radiol. (2018) 59(5):577–85. doi: 10.1177/0284185117725368

13. Ding J, Zhang Q, Zhu J, Tao W, Wu Q, Chen L, et al. Risk factors for
predicting cement leakage following percutaneous vertebroplasty for
osteoporotic vertebral compression fractures. Eur Spine J. (2016) 25(11):3411–7.
doi: 10.1007/s00586-015-3923-0

14. Zhu SY, Zhong ZM, Wu Q, Chen JT. Risk factors for bone cement leakage in
percutaneous vertebroplasty: a retrospective study of four hundred and eighty five
patients. Int Orthop. (2016) 40(6):1205–10. doi: 10.1007/s00264-015-3102-2

15. Xie W, Jin D, Ma H, Ding J, Xu J, Zhang S, et al. Cement leakage in
percutaneous vertebral augmentation for osteoporotic vertebral compression
fractures: analysis of risk factors. Clin Spine Surg. (2016) 29(4):E171–6. doi: 10.
1097/BSD.0000000000000229

16. Wang C, Fan S, Liu J, Suyou L, Shan Z, Zhao F. Basivertebral foramen could
be connected with intravertebral cleft: a potential risk factor of cement leakage in
percutaneous kyphoplasty. Spine J. (2014) 14(8):1551–8. doi: 10.1016/j.spinee.
2013.09.025

17. Tomé-Bermejo F, Piñera AR, Duran-Álvarez C, Román BL, Mahillo I,
Alvarez L, et al. Identification of risk factors for the occurrence of cement
leakage during percutaneous vertebroplasty for painful osteoporotic or
malignant vertebral fracture. Spine. (2014) 39(11):E693–700. doi: 10.1097/BRS.
0000000000000294

18. Nieuwenhuijse MJ, Van Erkel AR, Dijkstra PD. Cement leakage in percutaneous
vertebroplasty for osteoporotic vertebral compression fractures: identification of risk
factors. Spine J. (2011) 11(9):839–48. doi: 10.1016/j.spinee.2011.07.027

19. Ren H, Shen Y, Zhang YZ, Ding WY, Xu JX, Yang DL, et al. Correlative
factor analysis on the complications resulting from cement leakage after
percutaneous kyphoplasty in the treatment of osteoporotic vertebral
compression fracture. J Spinal Disord Tech. (2010) 23(7):e9–15. doi: 10.1097/
BSD.0b013e3181c0cc94

20. Tanigawa N, Kariya S, Komemushi A, Tokuda T, Nakatani M, Yagi R, et al.
Cement leakage in percutaneous vertebroplasty for osteoporotic compression
fractures with or without intravertebral clefts. AJR Am J Roentgenol. (2009) 193
(5):W442–5. doi: 10.2214/AJR.09.2774

21. Ha KY, Lee JS, Kim KW, Chon JS. Percutaneous vertebroplasty for vertebral
compression fractures with and without intravertebral clefts. J Bone Joint Surg Br.
(2006) 88(5):629–33. doi: 10.1302/0301-620X.88B5.17345
Frontiers in Surgery 09
22. Jung JY, Lee MH, Ahn JM. Leakage of polymethylmethacrylate in
percutaneous vertebroplasty: comparison of osteoporotic vertebral compression
fractures with and without an intravertebral vacuum cleft. J Comput Assist
Tomogr. (2006) 30(3):501–6. doi: 10.1097/00004728-200605000-00025

23. Nakano M, Hirano N, Ishihara H, Kawaguchi Y, Matsuura K. Calcium
phosphate cement leakage after percutaneous vertebroplasty for osteoporotic
vertebral fractures: risk factor analysis for cement leakage. J Neurosurg Spine.
(2005) 2(1):27–33. doi: 10.3171/spi.2005.2.1.0027

24. Wu AM, Lin ZK, Ni WF, Chi YL, Xu HZ, Wang XY, et al. The existence of
intravertebral cleft impact on outcomes of nonacute osteoporotic vertebral
compression fractures patients treated by percutaneous kyphoplasty: a
comparative study. J Spinal Disord Tech. (2014) 27(3):E88–93. doi: 10.1097/
BSD.0b013e31829142bf

25. Yeom JS, Kim WJ, Choy WS, Lee CK, Chang BS, Kang JW. Leakage of
cement in percutaneous transpedicular vertebroplasty for painful osteoporotic
compression fractures. J Bone Joint Surg Br. (2003) 85(1):83–9. doi: 10.1302/
0301-620x.85b1.13026

26. Chen WJ, Kao YH, Yang SC, Yu SW, Tu YK, Chung KC. Impact of
cement leakage into disks on the development of adjacent vertebral
compression fractures. J Spinal Disord Tech. (2010) 23(1):35–9. doi: 10.1097/
BSD.0b013e3181981843

27. Rho YJ, Choe WJ, Chun YI. Risk factors predicting the new symptomatic
vertebral compression fractures after percutaneous vertebroplasty or
kyphoplasty. Eur Spine J. (2012) 21(5):905–11. doi: 10.1007/s00586-011-2099-5

28. Krauss M, Hirschfelder H, Tomandl B, Lichti G, Bär I. Kyphosis reduction
and the rate of cement leaks after vertebroplasty of intravertebral clefts. Eur
Radiol. (2006) 16(5):1015–21. doi: 10.1007/s00330-005-0056-6

29. Li X, Yang H, Tang T, Qian Z, Chen L, Zhang Z. Comparison of kyphoplasty
and vertebroplasty for treatment of painful osteoporotic vertebral compression
fractures: twelve-month follow-up in a prospective nonrandomized comparative
study. J Spinal Disord Tech. (2012) 25(3):142–9. doi: 10.1097/BSD.
0b013e318213c113

30. Wang G, Yang H, Chen K. Osteoporotic vertebral compression fractures
with an intravertebral cleft treated by percutaneous balloon kyphoplasty. J Bone
Joint Surg Br. (2010) 92(11):1553–7. doi: 10.1302/0301-620X.92B11.24671

31. Genant HK, Wu CY, van Kuijk C, Nevitt MC. Vertebral fracture assessment
using a semiquantitative technique. J Bone Miner Res. (1993) 8(9):1137–48.
doi: 10.1002/jbmr.5650080915

32. Yu W, Jiang X, Liang D, Yao Z, Qiu T, Ye L, et al. Intravertebral
vacuum cleft and its varied locations within osteoporotic vertebral compression
fractures: effect on therapeutic efficacy. Pain Physician. (2017) 20(6):E979–86.

33. Nieuwenhuijse MJ, Bollen L, van Erkel AR, Dijkstra PD. Optimal
intravertebral cement volume in percutaneous vertebroplasty for painful
osteoporotic vertebral compression fractures. Spine. (2012) 37(20):1747–55.
doi: 10.1097/BRS.0b013e318254871c

34. Tang B, Xu S, Chen X, Cui L, Wang Y, Yan X, et al. The impact of
intravertebral cleft on cement leakage in percutaneous vertebroplasty for
osteoporotic vertebral compression fractures: a case-control study. BMC
Musculoskelet Disord. (2021) 22(1):805. doi: 10.1186/s12891-021-04685-9

35. Tang B, Cui L, Chen X, Liu Y. Risk factors for cement leakage in
percutaneous vertebroplasty for osteoporotic vertebral compression fractures: an
analysis of 1456 vertebrae augmented by low-viscosity bone cement. Spine.
(2021) 46(4):216–22. doi: 10.1097/BRS.0000000000003773

36. Kim YC, Kim YH, Ha KY. Pathomechanism of intravertebral clefts in
osteoporotic compression fractures of the spine. Spine J. (2014) 14(4):659–66.
doi: 10.1016/j.spinee.2013.06.106

37. Zhan Y, Jiang J, Liao H, Tan H, Yang K. Risk factors for cement leakage after
vertebroplasty or kyphoplasty: a meta-analysis of published evidence. World
Neurosurg. (2017) 101:633–42. doi: 10.1016/j.wneu.2017.01.124

38. Mirovsky Y, Anekstein Y, Shalmon E, Blankstein A, Peer A. Intradiscal
cement leak following percutaneous vertebroplasty. Spine. (2006) 31(10):1120–4.
doi: 10.1097/01.brs.0000216461.48751.d6

39. Kim YY, Rhyu KW. Recompression of vertebral body after balloon
kyphoplasty for osteoporotic vertebral compression fracture. Eur Spine J. (2010)
19(11):1907–12. doi: 10.1007/s00586-010-1479-6

40. Hong SJ, Lee S, Yoon JS, Kim JH, Park YK. Analysis of intradiscal cement
leakage during percutaneous vertebroplasty: multivariate study of risk factors
emphasizing preoperative MR findings. J Neuroradiol. (2014) 41(3):195–201.
doi: 10.1016/j.neurad.2013.07.004
frontiersin.org

https://doi.org/10.1007/s00586-017-5340-z
https://doi.org/10.3174/ajnr.A5458
https://doi.org/10.3174/ajnr.A5458
https://doi.org/10.1007/s00586-020-06434-3
https://doi.org/10.1016/j.spinee.2014.11.017
https://doi.org/10.1007/s00586-021-07064-z
https://doi.org/10.1097/BSD.0000000000000928
https://doi.org/10.1186/s12891-020-03810-4
https://doi.org/10.1007/s00264-018-4007-7
https://doi.org/10.1007/s00264-018-4007-7
https://doi.org/10.1177/0284185117725368
https://doi.org/10.1007/s00586-015-3923-0
https://doi.org/10.1007/s00264-015-3102-2
https://doi.org/10.1097/BSD.0000000000000229
https://doi.org/10.1097/BSD.0000000000000229
https://doi.org/10.1016/j.spinee.2013.09.025
https://doi.org/10.1016/j.spinee.2013.09.025
https://doi.org/10.1097/BRS.0000000000000294
https://doi.org/10.1097/BRS.0000000000000294
https://doi.org/10.1016/j.spinee.2011.07.027
https://doi.org/10.1097/BSD.0b013e3181c0cc94
https://doi.org/10.1097/BSD.0b013e3181c0cc94
https://doi.org/10.2214/AJR.09.2774
https://doi.org/10.1302/0301-620X.88B5.17345
https://doi.org/10.1097/00004728-200605000-00025
https://doi.org/10.3171/spi.2005.2.1.0027
https://doi.org/10.1097/BSD.0b013e31829142bf
https://doi.org/10.1097/BSD.0b013e31829142bf
https://doi.org/10.1302/0301-620x.85b1.13026
https://doi.org/10.1302/0301-620x.85b1.13026
https://doi.org/10.1097/BSD.0b013e3181981843
https://doi.org/10.1097/BSD.0b013e3181981843
https://doi.org/10.1007/s00586-011-2099-5
https://doi.org/10.1007/s00330-005-0056-6
https://doi.org/10.1097/BSD.0b013e318213c113
https://doi.org/10.1097/BSD.0b013e318213c113
https://doi.org/10.1302/0301-620X.92B11.24671
https://doi.org/10.1002/jbmr.5650080915
https://doi.org/10.1097/BRS.0b013e318254871c
https://doi.org/10.1186/s12891-021-04685-9
https://doi.org/10.1097/BRS.0000000000003773
https://doi.org/10.1016/j.spinee.2013.06.106
https://doi.org/10.1016/j.wneu.2017.01.124
https://doi.org/10.1097/01.brs.0000216461.48751.d6
https://doi.org/10.1007/s00586-010-1479-6
https://doi.org/10.1016/j.neurad.2013.07.004
https://doi.org/10.3389/fsurg.2022.1005220
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	A predictive nomogram for intradiscal cement leakage in percutaneous kyphoplasty for osteoporotic vertebral compression fractures combined with intravertebral cleft
	Introduction
	Methods
	Patient population
	Surgical technique
	Imaging evaluation and risk factors
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


