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Abstract. – OBJECTIVE: Percutaneous ver-
tebroplasty has been widely applied as a treat-
ment for osteoporotic vertebral compression 
fracture. However, the incidence of cement leak-
age is high. The purpose of study is to identify 
the independent risk factors for cement leakage.

PATIENTS AND METHODS: A total of 309 pa-
tients who suffered from osteoporotic vertebral 
compression fracture (OVCF) and underwent 
percutaneous vertebroplasty (PVP) were en-
rolled in this respective cohort study from Jan-
uary 2014 to January 2020. Clinical and radio-
logical characteristics were assessed to iden-
tify independent predictors for each type of ce-
ment leakage, including age, gender, course of 
disease, fracture level, morphology of vertebral 
fracture, fracture severity, cortical disruption in 
vertebral wall or endplate, fracture line connect-
ed with basivertebral foramen, type of cement 
dispersion, and intravertebral cement volume.

RESULTS: In leakage of B-type, fracture line con-
nected with basivertebral foramen was identified 
as an independent risk factor [Adjusted OR: 2.837, 
95% CI: (1.295, 6.211), p = 0.009]. For leakage of 
C-type, acute course of the disease, more severi-
ty of the fractured body, wall disruption and intra-
vertebral cement volume (IVCV) were identified as 
independent risk factors [Adjusted OR: 0.409, 95% 
CI: (0.257, 0.650), p = 0.000]; [Adjusted OR: 3.128, 
95% CI: (2.202, 4.442), p = 0.000]; [Adjusted OR: 
6.387, 95% CI: (3.077, 13.258), p = 0.000]; [Adjust-
ed OR: 1.619, 95% CI: (1.308, 2.005), p = 0.000]. Re-
garding leakage of D-type, biconcave fracture and 
endplate disruption were identified as independent 
risk factors [Adjusted OR: 6.499, 95% CI: (2.752, 
15.348), p = 0.000]; [Adjusted OR: 3.037, 95% CI: 
(1.421, 6.492), p = 0.004]. For S-type, fracture in tho-
racic level and less severity of the fractured body 
were identified as independent risk factors [Adjust-
ed OR: 0.105, 95% CI: (0.059, 0.188), p = 0.000]; [Ad-
justed OR: 0.580, 95% CI: (0.436, 0.773), p = 0.000]. 

CONCLUSIONS: Cement leakage was very 
common with PVP. Each cement leakage had its 
own influence factors. Preoperative identification 
of above influence factors for cement leakage 
could avoid the occurrence of severe sequelae.
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PVP: Percutaneous vertebroplasty, OVCF: Osteoporotic 
vertebral compression fracture, VAS: Visual analog pain 
score, CT: Computed tomography, PMMA: Polymeth-
ylmethacrylate, IVCV: Intravertebral cement volume, 
MRI: Magnetic resonance imaging, OR: Odds ratio, CI: 
Confidence interval.

Introduction 

Percutaneous vertebroplasty (PVP) is wide-
ly performed for painful osteoporotic vertebral 
compression fracture (OVCF), metastases, ag-
gressive hemangioma, and multiple myeloma1-5. 
PVP is a simple and safe therapeutic procedure 
that can quickly relieve pain, and it involves in-
jecting bone cement into the fractured vertebral 
body. Moreover, many studies6,7 have shown that 
PVP has obvious advantages over conservative 
treatment. 

However, it also has some complications, the 
most common of which is bone cement leakage8,9. 
To prevent devastating complications and obtain 
satisfactory outcomes, preoperative identification 
of the factors that influence cement leakage is 
necessary. Due to different inclusion criteria, the 
results of previous similar studies in literature are 
inconsistent. 

Therefore, we conducted a retrospective co-
hort study of 309 patients, who were treated at 
our institution between January 2014 and January 
2020, to explore possible risk factors for cement 
leakage and provide more sufficient theoretical 
support for preventing this complication.
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Patients and Methods 

Patients
The study was approved by our Institution-

al Review Board, and all individual participants 
voluntarily provided written informed consent. 
There was also no financial relationship between 
the investigators and study subjects. Between Jan-
uary 2014 and January 2020, we performed PVP 
on a total of 396 patients with OVCF, and 309 pa-
tients were included in this study. 

Inclusion and Exclusion Criteria
Inclusion criteria: (1) Single level OVCF defin-

itively diagnosed by magnetic resonance imaging 
MRI, which was related to focal back pain that 
was exacerbated on palpation; (2) Visual analog 
pain score (VAS) > 7; (3) No significant improve-
ment with appropriate conservative treatment for 
at least four weeks, or patients requiring surgery 
within four weeks of injury because of severe 
pain; (4) Osteoporosis definitively diagnosed by 
Quantitative CT (QCT); (5) PVP was performed 
for the first time; (6) Complete clinical and radio-
logical data; (7) Follow-up for at least one year. 

Exclusion criteria: (1) Pathological fracture; 
(2) Secondary osteoporosis; (3) Inability to toler-
ate the surgery or cooperate; (4) OVCFs with spi-
nal cord or nerve injury.

Technical Note
All the operations were performed by two expe-

rienced spine surgeons using the same method. Pa-
tients were placed in the prone position during PVP. 
The entire procedure was performed under sterile 
conditions and intraoperative C-arm radiographic 
guidance. After successful administration of local an-
esthesia using 1% lidocaine, two 10- or 13-gauge nee-
dles were inserted bilaterally into the anterior third of 
the vertebral body (the coronal three equal points and 
the sagittal anterior one-third site) via the transpedic-
ular approach. Bone cement (Polymethylmetacrylate, 
PMMA) was then gently and rapidly injected into the 
fractured vertebral body under C-arm guidance. In 
order to obtain satisfactory dispersion and minimize 
the risk of leakage, low viscosity bone cement during 
its “toothpaste-like” phase, 2-3 minutes after mixing, 
was used for all patients. The volume of bone cement 
injected was approximately 2-6 mL in the thoracic 
level and 4-10 mL in the lumbar level.

Standards for discontinuing the injection: (1) 
When a satisfactorily dispersed distribution of the 
cement was achieved, that is, symmetrical filling 
of the anterior 3/4 of the fractured body producing 

a mass that has a “spherical dumbbell shape”. (2) 
The cement has reached the posterior 1/4 of the 
vertebral body. (3) If obvious B-type or S-type 
leakage was observed. When C-type leakage was 
observed, the injection was temporarily halted 
and recommenced in 30 seconds; however, on re-
occurrence of leakage, it was terminated. 

All the patients were restricted to absolute bed rest 
for approximately 2 hours following the procedure to 
ensure that the cement reached its definitive strength. 

Radiographic Evaluation
To determine the risk factors for cement leakage 

in PVP, the following data were collected as poten-
tial risk factors: age, gender, course of disease, frac-
ture level, morphology of vertebral fracture, fracture 
severity, cortical disruption in vertebral wall or end-
plate, fracture line connection with the basivertebral 
foramen, type of cement dispersion, intravertebral 
cement volume, and the type of cement leakage.

Course of disease was divided into three cate-
gories: acute course (< 2 weeks), subacute course (2 
weeks to 2 months), and chronic course (> 2 months).

Fracture level were divided into three catego-
ries: thoracic level (T1-T10), thoracolumbar level 
(T11-L2), and lumbar level (L3-L5).

Morphology and severity of the fractured body 
were evaluated using plain radiograph before the 
surgery. Based on the semiquantitative classifica-
tion, fracture morphology was classified into three 
types: wedge, biconcave, and crush. The percentage 
of vertebral body height collapse was calculated 
with reference to the next adjacent intact vertebra. 
Based on the percentage of vertebral body height 
collapse, type of fracture severity was classified as 
very mild (body collapse < 20%), mild (20-25% col-
lapse), moderate (26-40% collapse), severe (40-70% 
collapse), and very severe (body collapse > 70%)10. 

Cortical disruption in the vertebral wall or 
endplate were defined as the presence of a frac-
ture line and destruction of cortical bone in the 
vertebral wall or endplate on preoperative plain 
radiograph or CT, respectively.

The cement dispersion types were subdivided 
into mass type and diffusion type. 

Intravertebral cement volume (IVCV) was cal-
culated using postoperative CT. Quantitative and 
qualitative analysis were performed by two muscu-
loskeletal radiologists who manipulated 2-mm-thick 
sliced images to obtain volumetric values within one 
week after PVP. The volumetry program was run in 
the range of the threshold (1,000-3,071) for IVCV11. 

Cement leakage, defined as the presence of 
any extravertebral cement, was assessed using the 
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postoperative CT obtained within one week after 
PVP. Based on a previous study12, we defined 
four types of leakage with some modification: (1) 
B-type: via the basivertebral vein; (2) S-type: via 
the segmental vein; (3) C-type: via a cortical de-
fect; and (4) D-type: via a damaged endplate.

Statistical Analysis 
All continuous variables were presented as 

mean with standard deviation (M ± SD), and cat-
egorical variables were presented as percentages 
(N, %). Univariate and multivariate binary logis-
tic regression analyses were performed to iden-
tify independent predictors for each sub-type of 
cement leakage. All significance tests were two 
tailed, with p < 0.05 considered statistically sig-
nificant. SPSS Statistical Software Version 25.0 
(IBM Corp., Armonk, NY, USA) was used.

Results

A total of 309 patients suffering from single 
level OVCF were finally included in our study. 
The patients included 116 (37.54%) males and 223 
(62.46%) females, with a mean age of 69.36 ± 8.97 
years. The number of OVCFs at thoracic (T1-T10), 
thoracolumbar (T11-L2) and lumbar (L3-L5) levels 
were 93 (30.10%), 158 (51.13%), and 58 (18.77%), 
respectively. All surgeries were successfully com-
pleted without serious complications. 

The incidence of each sub-type of cement leak-
age were 31 (10.03%), 90 (29.13%), 93 (30.10%), 
and 87 (28.16%) B-type, C-type, D-type, and 
S-type leakages, respectively. All cement leakag-
es were asymptomatic and further treatments were 
not required. The clinical and radiological charac-
teristics of all patients are described in Table I.

Logistic regression analyses were used to evalu-
ate the independent factors that influence all types 
of leakages. For B-type leakage, fracture line con-
nection with the basivertebral foramen was identi-
fied as an independent risk factor in Table II [Adjust-
ed OR: 2.837, 95% CI: (1.295, 6.211), p = 0.009]. For 
C-type leakage, acute disease, greater severity of 
vertebral body fracture, wall disruption, and IVCV 
were identified as independent risk factors in Table 
III [Adjusted OR: 0.409, 95% CI: (0.257, 0.650), p = 
0.000]; [Adjusted OR: 3.128, 95% CI: (2.202, 4.442), 
p = 0.000]; [Adjusted OR: 6.387, 95% CI: (3.077, 
13.258), p = 0.000]; [Adjusted OR: 1.619, 95% CI: 
(1.308, 2.005), p = 0.000]. For D-type leakage, bi-
concave fracture and endplate disruption were in-
dependent risk factors in Table IV [Adjusted OR: 

6.499, 95% CI: (2.752, 15.348), p = 0.000]; [Adjusted 
OR: 3.037, 95% CI: (1.421, 6.492), p = 0.004]. 

For S-type leakage, thoracic level fracture and 
less severe vertebral body fracture were identified as 
independent risk factors in Table V [Adjusted OR: 
0.105, 95% CI: (0.059, 0.188), p = 0.000]; [Adjusted 
OR: 0.580, 95% CI: (0.436, 0.773), p = 0.000]. 

Table I. Clinical and radiological characteristics of patients.

Clinical and n (%) / 
 radiological  M (range)
 features 

Number of patients 309
Gender 
  Male 116 (37.54%) 
  Female 223 (62.46%)
Mean age, y 69.36 ± 8.97
Course of disease 
  Acute  160 (51.77%)
  Subacute  94 (30.42%)
  Chronic  55 (17.80%)
Fracture levels 
  Thoracic level (T1-T10) 93 (30.10%)
  Thoracolumbar level (T11-L2) 158 (51.13%)
  Lumbar level (L3-L5) 58 (18.77%)
Morphology 
  Wedge 162 (52.43%)
  Biconcave 147 (47.57%)
  Crush 0
Severity 
  Very mild (body collapse < 20%) 78 (25.24%)
  Mild (20-25% collapse) 83 (26.86%)
  Moderate (26-40% collapse) 87 (28.16%)
  Severe (40-70% collapse)  33 (10.68%)
  Very severe (body collapse > 70%) 28 (9.06%)
Wall fracture 
  Yes 70 (22.66%)
  No 239 (77.34%)
Endplate Fracture 
  Yes 122 (39.48%)
  No 187 (60.52%)
Communication 
  Yes 103 (33.33%)
  No 206 (66.67%)
Cement Dispersion 
  Mass type 158 (51.13%)
  Diffusion type 151 (48.87%)
IVCV 6.36 ± 1.85
B-type leakage 31 (10.03%)
C-type leakage 90 (29.13%)
D-type leakage 93 (30.10%)
S-type leakage 87 (28.16%)

IVCV: intravertebral cement volume.
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IVCV: intravertebral cement volume. OR: odds ratio. CI: confidence interval.  a: Univariate logistic analysis, p < 0.05. b: Multivariate logistic analysis, p < 0.05.

Table II. Logistic analysis for B-type leakage.

Clinical and                              B-type leakage  p-value Crude OR 95% CI  p-value Adjusted OR 95% CI
 radiological features
 - + 

Gender   0.523 1.294 [0.587, 2.854]   
  Male 106 10      
  Female 172 21      
Mean age, y 69.39 ± 8.91 69.06 ± 9.59 0.848 0.996 [0.955, 1.038]   
Course of disease   0.262 1.307 [0.819, 2.087]   
  Acute  146 14      
  Subacute  85 9      
  Chronic  47 8      
Fracture levels   0.022a 0.507 [0.283, 0.906] 0.106 0.607 [0.332, 1.112]
  Thoracic level (T1-T10) 78 15      
  Thoracolumbar level (T11-L2) 145 13      
  Lumbar level (L3-L5) 55 3      
Morphology   0.014a 0.348 [0.150, 0.804] 0.386 0.542 [0.135, 2.168]
  Wedge 139 23      
  Biconcave 139 8      
Severity   0.884 0.978 [0.722, 1.324]   
  Very mild (body collapse < 20%) 68 10      
  Mild (20-25% collapse) 81 2      
  Moderate (26-40% collapse) 72 15      
  Severe (40-70% collapse)  31 2      
  Very severe (body collapse > 70%) 26 2      
Wall fracture   0.028a 2.396 [1.100, 5.218] 0.057 2.235 [0.975, 5.126]
  Yes 58 12      
  No 220 19      
Endplate Fracture   0.048a 0.413 [0.172, 0.992]  0.788 0.822 [0.197, 3.431]
  Yes 115 9      
  No 163 24      
Communication   0.009a 2.711 [1.278, 5.749] 0.009b 2.837 [1.295, 6.211]
  Yes 86 17      
  No 192 14      
Cement Dispersion   0.955 0.979 [0.466, 2.057]   
  Mass type 142 16      
  Diffusion type 136 15      
IVCV 6.43 ± 1.86 5.74 ± 1.69 0.051 0.816 [0.665, 1.001]   
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IVCV: intravertebral cement volume. OR: odds ratio. CI: confidence interval. a: Univariate logistic analysis, p < 0.05. b: Multivariate logistic analysis, p < 0.05.

Table III. Logistic analysis for C-type leakage.

Clinical and                              C-type leakage  p-value Crude OR 95% CI  p-value Adjusted OR 95% CI
 radiological features
 - + 

Gender   0.109 0.664 [0.403, 1.096]   
  Male 76 40      
  Female 143 50      
Mean age, y 69.69 ± 9.17 68.53 ± 8.46 0.301 0.986 [0.959, 1.013]   
Course of disease   0.002a 0.563 [0.393, 0.806] 0.000b 0.409 [0.257, 0.650]
  Acute  105 55      
  Subacute  64 30      
  Chronic  50 5      
Fracture levels   0.293 0.825 [0.567, 1.181]   
  Thoracic level (T1-T10) 71 22      
  Thoracolumbar level (T11-L2) 96 62      
  Lumbar level (L3-L5) 52 6      
Morphology   0.001a 0.436 [0.261, 0.728] 0.137 0.510 [0.210, 1.239]
  Wedge 102 60      
  Biconcave 117 30      
Severity   0.000a 2.032 [1.621, 2.547] 0.000b 3.128 [2.202, 4.442]
  Very mild (body collapse < 20%) 68 10      
  Mild (20-25% collapse) 57 26      
  Moderate (26-40% collapse) 72 15      
  Severe (40-70% collapse)  22 17      
  Very severe (body collapse > 70%) 0 22      
Wall fracture   0.000a 3.935 [2.248, 6.887] 0.000b 6.387 [3.077, 13.258]
  Yes 33 37      
  No 186 53      
Endplate Fracture   0.015a 0.521 [0.307, 0.883] 0.410 0.674 [0.264, 1.723]
  Yes 96 26      
  No 123 64      
Communication   1.000 1.000 [0.594, 1.683]   
  Yes 73 30      
  No 146 60      
Cement Dispersion   0.620 0.883 [0.540, 1.444]   
  Mass type 110 48      
  Diffusion type 109 42      
Volume Cement 6.19 ± 1.72 6.77 ± 2.09 0.013a 1.189 [1.036, 1.363] 0.000b 1.619 [1.308, 2.005]
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IVCV: intravertebral cement volume. OR: odds ratio. CI: confidence interval.  a: Univariate logistic analysis, p < 0.05. b: Multivariate logistic analysis, p < 0.05.

Table IV. Logistic analysis for D-type leakage.

Clinical and                              D-type leakage  p-value Crude OR 95% CI  p-value Adjusted OR 95% CI
 radiological features
 - + 

Gender   0.078 1.596 [0.949, 2.683]   
  Male 88 28      
  Female 128 65      
Mean age, y 68.81 ± 9.14 70.61 ± 8.46 0.107 1.023 [0.995, 1.051]   
Course of disease   0.558 1.099 [0.801, 1.509]   
  Acute  112 48      
  Subacute  69 25      
  Chronic  35 20      
Fracture levels   0.059 1.407 [0.986, 2.006]   
  Thoracic level (T1-T10) 79 14      
  Thoracolumbar level (T11-L2) 93 65      
  Lumbar level (L3-L5) 44 14      
Morphology   0.000 15.341a [7.836, 30.035] 0.000b 6.499 [2.752, 15.348]
  Wedge 150 12      
  Biconcave 66 81      
Severity   0.471 1.075 [0.883, 1.308]   
  Very mild (body collapse < 20%) 17 61      
  Mild (20-25% collapse) 30 53      
  Moderate (26-40% collapse) 29 58      
  Severe (40-70% collapse)  8 25      
  Very severe (body collapse > 70%) 9 19      
Wall fracture   0.004 0.357a [0.178, 0.717] 0.067 0.468 [0.208, 1.055]
  Yes 59 11      
  No 157 82      
Endplate Fracture   0.000 10.441a [5.892, 18.502] 0.004b 3.037 [1.421, 6.492]
  Yes 51 11      
  No 165 82      
Communication   0.116 0.650 [0.381, 1.112]   
  Yes 78 25      
  No 138 68      
Cement Dispersion   0.259 1.324 [0.813, 2.156]   
  Mass type 115 43      
  Diffusion type 101 50      
Volume Cement 6.39 ± 1.91 6.29 ± 1.72 0.660 0.971 [0.851, 1.107]   
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IVCV: intravertebral cement volume. OR: odds ratio. CI: confidence interval.  a: Univariate logistic analysis, p < 0.05. b: Multivariate logistic analysis, p < 0.05.

Table V. Logistic analysis for D-type leakage.

Clinical and                              S-type leakage  p-value Crude OR 95% CI  p-value Adjusted OR 95% CI
 radiological features
 - + 

Gender   0.726 0.913 [0.548, 1.520]   
  Male 82 116      
  Female 140 193      
Mean age, y 69.95 ± 8.73 67.83 ± 9.44 0.062 0.973 [0.946, 1.001]   
Course of disease   0.926 1.016 [0.734, 1.405]   
  Acute  116 44      
  Subacute  66 28      
  Chronic  40 15      
Fracture levels   0.000a 0.131 [0.079, 0.220] 0.000b 0.105 [0.059, 0.188]
  Thoracic level (T1-T10) 36 57      
  Thoracolumbar level (T11-L2) 129 29      
  Lumbar level (L3-L5) 57 1      
Morphology   0.004a 0.472 [0.282, 0.790] 0.118 0.613 [0.331, 1.133]
  Wedge 105 57      
  Biconcave 117 30      
Severity   0.026a 0.786 [0.635, 0.972] 0.000b 0.580 [0.436, 0.773]
  Very mild (body collapse < 20%) 50 28      
  Mild (20-25% collapse) 67 16      
  Moderate (26-40% collapse) 52 35      
  Severe (40-70% collapse)  25 8      
  Very severe (body collapse > 70%) 28 0      
Wall fracture   0.112 1.586 [0.899, 2.799]   
  Yes 45 70      
  No 177 62      
Endplate Fracture   0.058 0.602 [0.355, 1.018]   
  Yes 95 102      
  No 127 60      
Communication   0.421 1.237 [0.736, 2.079]   
  Yes 71 32      
  No 127 60      
Cement Dispersion   0.374 0.798 [0.485, 1.313]   
  Mass type 110 48      
  Diffusion type 112 39      
Volume Cement 6.45 ± 1.90 6.13 ± 1.71 0.168 0.910 [0.795, 1.041]   
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Discussion

Because of its characteristics of being min-
imally invasive and inducing rapid pain relief 
and quick recovery, the performance of PVP for 
OVCF has become popular. It can stabilize the 
micromovement and prevent progressive collapse 
of the fractured vertebral body by cement aug-
mentation and conglutination.

Cement leakage is the most common com-
plication of PVP, with a seemingly significant 
incidence rate. As previously reported13,14, the 
incidence of cement leakage ranges from 5% to 
greater than 80% because it is underestimated by 
postoperative plain radiograph. Therefore, post-
operative CT, which is the ‘gold standard’ was 
used to investigate cement leakage after PVP in 
this study. In this study, the incidence of the types 
of cement leakage were 31 (10.03%), 90 (29.13%), 
93 (30.10%), and 87 (28.16%) in B-type, C-type, 
D-type, and S-type leakages, respectively. This 
finding was different from those of other stud-
ies15-18. The most common type detected were 
C-type and D-type leakages, which may be due to 
the difference in puncture methods and standards 
for discontinuing cement injection.

Fortunately, most cases of leakages were asymp-
tomatic; therefore, cement leakage was considered 
inherent in the procedure and an inevitable outcome, 
rather than a true complication. However, cement 
leakage may cause serious sequelae, such as neu-
rological impairment and paraplegia when cement 
leaks into the adjacent spinal canal or intervertebral 
foramina (B-type leakage) and pulmonary embo-
lism that may lead to death from free cement em-
bolism (S-type leakage)19-22. A systematic review23 

found that the incidence of severe complications of 
cement leakage ranged from 2% to 11.5%. There-
fore, prevention of cement leakage is necessary, 
and preoperative prediction of risk factors would be 
helpful and facilitate reduction in the occurrence of 
cement leakage. The pathogenesis and sequelae of 
subtypes of cement leakage were varied. Therefore, 
the risk factors for each subtype of cement leakage 
should be assessed and identified.

B-type leakage represents cement inflow into 
the epidural space via the anterior internal venous 
plexus and basivertebral vein. Unfortunately, in-
traoperative C-arm radiograph does not prevent 
or detect this leakage. In our study, only fracture 
line connection with the basivertebral foramen 
was identified as an independent risk factor. This 
connection explains B-type leakage, in which ce-
ment leaks via the fracture line in the vertebral 

body, through the basivertebral foramen, and into 
the spinal canal24. Some other studies25 found that 
a shorter distance between the needle tip and the 
midline was associated with an increased rate of 
B-type leakage. In our study, all the operations 
were performed using the bitranspedicular ap-
proach which led to an increased distance be-
tween the needle tip and the midline; this ensures 
that the needle tip is farther from the basivertebral 
vein in this approach than in the monopedicular 
approach. Furthermore, the injection of cement 
is halted when cement diffused into the posterior 
1/4 of the vertebral body, thereby reducing the oc-
currence of cement leakage. Therefore, the inci-
dence of B-type cement leakage was lower in our 
study than in other similar studies26. 

C-type leakage represents cement inflow into 
the region around the vertebral body due to cor-
tical disruption in the vertebral wall. Acute course 
of disease, high grade of fracture severity, wall 
disruption, and IVCV were identified as the in-
dependent risk factors for C-type leakage. First-
ly, severe compression in the fractured body was 
more likely to cause cortical disruption. Therefore, 
C-type leakage could be prevented by inserting the 
puncture needle away from the area of cortical dis-
ruption27,28. Secondly, the fractured body is at the 
hematoma organization stage within 2 weeks, and 
fibrous callus formation stage 2-12 weeks after 
OVCF. Theoretically, the former is beneficial to 
cement diffusion; however, it also increases the in-
cidence of cement leakage. Thirdly, IVCV was also 
identified as an independent risk factors for C-type 
leakage; thus, C-type leakage can be effectively 
prevented by reducing IVCV, especially in women.

D-type leakage represents cement inflow into the 
region between adjacent vertebral bodies through 
damaged endplates, which may lead to new adjacent 
level fractures. In this study, biconcave fracture and 
endplate disruption were identified as the indepen-
dent risk factors for D-type leakage. These condi-
tions provide a path between the fractured vertebral 
body and the intervertebral disc space18. 

S-type leakage represents cement inflow into 
the segmental vertebral veins and anterior external 
vertebral venous plexus. Our study showed that a 
high grade of fracture severity was an independent 
protective factor for S-type leakage, which implied 
that the incidence of S-type leakage was higher with 
intact than with disrupted vertebrae29. This may 
be because severe compression would cause more 
serious damage to the venous system. In addition, 
thoracic level OVCF was an independent risk fac-
tor for S-type leakage. Firstly, thoracic bodies were 
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smaller; therefore, cement leakage was more com-
mon during cement injection. Secondly, the retro-
peritoneal venous system has a wider distribution 
than that of the thoracic vertebrae30. 

Limitations
There were some limitations to this study. Firstly, 

the retrospective nature of the study and loss to fol-
low-up might have an impact on the results. Second-
ly, we did not objectively measure the viscosity of 
the cement and injection pressure using proprietary 
instruments; we only depended on the subjective ex-
perience of the surgeon (during its “toothpaste-like” 
phase) because storage conditions, mixing method 
and time, operating room temperature and humidi-
ty, and the volume and speed of cement injected can 
influence viscosity and injection pressure, which 
may in turn affect cement leakage31,32. 

Conclusions

Cement leakage is very common with PVP. 
The factors that affect cement leakage varied with 
cement leakage type. Preoperative identification 
of the above factors that affect cement leakage 
could be helpful in preventing the occurrence of 
severe sequelae.
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