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Abstract
Background:There is a high incidence in the elderly who come down with osteoporotic vertebral
compression fracture (OVCF) and percutaneous kyphoplasty (PKP) is an effective solution which can
relieve pain quickly. Previous studies have shown that both the volume and the distribution of bone
cement �lling are related to the clinical outcome after PKP surgery. However, the in�uence of bone cement
leakage through the endplate after PKP on intervertebral disc remains to be explained.

Methods:118 patients with single level OVCF operated by PKP were retrospectively reviewed from 2015 to
2020. These patients were grouped according to the degree of bone cement leakage. Group A: Bone
cement leakage involving one endplate relative to the intervertebral disc. Group B: Bone cement leakage
involving one endplate and the adjacent disc. Group C: Bone cement leakage involving both endplates of
the intervertebral disc. The following variables were reviewed: gender, age, BMI, BMD and surgical
parameters including cement volume (CV), Oswestry Disability Index (ODI), Visual analogue Scale (VAS),
Anterior vertebral height ration (AVHR), Local kyphotic angle (LKA), Intervertebral space height (ISH) and
the incidence of complications.

Results:Compared with the preoperative for all groups, the VAS, ODI, AVHR, LKA and ISH were improved
signi�cantly after PKP. There is no signi�cant difference among groups in AVHR and LKA (P> 0.05).
Compared with preoperative levels, there was a signi�cant reduction in fracture perivertebral pain in all
groups after the surgery, but at the last follow-up, the VAS of Group C were worser than other groups
(3.28±0.29 vs. 2.55±0.67vs. 1.73±0.51, P <0.05) and the ODI of Group C were also worser than other
groups (44.46±6.65 vs. 35.77±6.33 vs. 29.80±5.96, P <0.05). At the last follow-up, the ISH of group C was
worser than group B and group C (4.04±0.38 vs. 4.63±0.27 vs. 5.19±0.34, P <0.05). The complications
including the adjacent vertebral fracture (AVF) and backache of group A was (1/39, 2.5%), that of group B
was (6/33, 15.4%) and that of group C was (17/22, 42.5%). The incidence of complications in the group C
was signi�cantly higher than that in the other groups (P 0.05).

Conclusions:As the area of bone cement leaking from one endplate to another endplate of the
intervertebral disc increases, there is no signi�cant difference in the short-term effect after surgery, but the
patient's long-term postoperative e�cacy becomes worse. The incidence of AVF and back pain of
adjacent vertebral bodies increases. It even aggravated the degeneration of the intervertebral disc and the
symptoms of discogenic neuralgia appeared.

Introduction
Osteoporosis has become one of the important reasons for elderly patients and seriously in�uences the
quality of life of patients. Osteoporosis is a systemic bone disease with reduced body bone mass which
decreases bone trabecular density and increases bone fragility. As osteoporosis progresses, a vertebral
fracture can be caused by a small amount of force. We call this disease osteoporotic vertebral
compression fracture (OVCF). The main symptom of this disease is low back pain. Most patients with
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pain generally have no nerve root symptoms, but sometimes have abdominal or intercostal pain,
especially when turning or moving which seriously affecting the patient's daily life [1].

Percutaneous kyphoplasty (PKP) that creates a cavity in the vertebral body with a balloon (in�atable
bone tamp) before injecting polymethylmethacrylate (PMMA) bone cement, was �rst designed by Wong
and Reiley and got approved by the FDA for clinical use in 1998. Liberman �rst reported the use of PKP in
the clinic in 2001 [2]. Percutaneous balloon kyphoplasty (PKP) is an effective treatment for osteoporotic
vertebral compression fractures because it effectively reconstructs the height of the vertebral body and
relief pain [3–6]. In the ageing population, the minimally invasive technique signi�cantly improves the
patient’s life expectancy, greatly reduces the fatal complications caused by the conservative treatment of
OVCF patients in bed, makes the elderly patients immediately out of the bed after the operation. However,
this type of surgery can also lead to pulmonary embolism, bone cement leakage, the adjacent vertebral
fracture (AVF) and other complications [7, 8]. Bone cement leakage is one of its common complications.
Usually, bone cement leakage into the paravertebral soft tissue or around the vertebrae will not produce
clinical symptoms, but bone cement leakage into the spinal canal through the posterior wall may cause a
series of neurological symptoms, or through the paravertebral vein system leakage may cause pulmonary
embolism or even life-threatening. [9–11]

In recent years, the leakage of bone cement into adjacent intervertebral discs after percutaneous vertebral
augmentation has gradually attracted the attention of some scholars. This is because in�ltration of bone
cement into the disc may increase the risk of AVF after surgery, and leakage of bone cement into the disc
may have an impact on disc degeneration. We established a new classi�cation of bone cement leakage
based on the relationship between the position of bone cement and the position of the intervertebral disc,
aiming to study the effect of bone cement leakage into the intervertebral disc through the end plate after
PKP on postoperative pain relief and functional recovery of patients. We hope that our study can provide
some guidance for clinical PKP surgery.

Methods

General Information
We retrospectively reviewed the patients who were diagnosed with single level OVCF between June 2015
and December 2020. All patients with OVCF underwent PKP surgery in our hospital. The inclusion criteria
were as follows: 1) All patients and their families signed informed consent forms and approved by the
medical ethics committee. 2) Osteoporotic thoracolumbar fracture was con�rmed by imaging
examination. 3) The follow-up time was more than 18 months and preoperative computed tomography
(CT), magnetic resonance imaging (MRI) and postoperative x-rays were available. 4) Fracture of one
single segment of the vertebral body. The exclusion criteria were as follows: 1) Pathologic vertebral
lesions such as vertebral metastatic carcinoma, vertebral hemangioma and myeloma, etc. 2) There was
previous disease related to back pain, such as lumbar muscle strain, disc herniation of the compression
fracture segment and spinal stenosis.3) Patients who were lost to follow-up. All the cases we included in
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the retrospective study met the above criteria. All patients underwent preoperative X-ray, CT, and MRI.
Identify the fractured vertebra as the responsible vertebra for pain. The preoperative and follow-up X-rays
for each patient were complete and available.

According to the position of the bone cement on the postoperative radiographs, these patients were
divided into group three groups (Fig. 1): Group A: Bone cement leakage involving one endplate relative to
the disc. A 63-year-old woman was diagnosed with L1 OVCF after a collision with her lower back whose
bone cement is de�ned as an A-pattern pattern (Fig. 2). Group B: Bone cement leakage involving one
endplate and the adjacent disc. A 57-year-old woman was diagnosed with T12 OVCF due to a fall whose
bone cement is de�ned as a B-pattern pattern (Fig. 3). Group C: Bone cement leakage involving both
endplates of the intervertebral disc. A 71-year-old woman knocked down by a bicycle was diagnosed with
L1 OVCF whose bone cement is de�ned as a C-pattern pattern (Fig. 4).

Surgical Technique
The operation is performed under general anesthesia. Standard anteroposterior and lateral images of the
vertebral body were captured by C-arm X-ray. Firstly, the position of the injured vertebra was located and
the projection point of the pedicle on the body surface of the injured vertebra was marked. Bilateral
pedicle puncture approach was adopted to reach about 3mm in front of the posterior edge of the
vertebra. The guide wire, expansion cannula and working cannula were placed in sequence, and then the
in�atable balloon was placed into the vertebral body through the working cannula and in�ated under
�uoroscopic guidance. The prepared polymethylmethacrylate cement was slowly inserted into the
vertebral body through a cannula under �uoroscopic monitoring. The injection was stopped as the
cement was closed as the posterior wall of the vertebra. Finally, the cannula was removed. The patients
were allowed to walk 18 hours after surgery.

Assessed Parameters
Visual Analogue Scale (VAS) scores was used to assess patients' subjective pain perception before
surgery, 1 day after surgery, 1 year after surgery, and at the last follow-up (0–10 scale, with 0 being
painless and 10 being the most painful). In addition, the Oswestry Disability Index (ODI) score was used
to assess improvements in quality of life before surgery, 1 day after surgery, 1 year after surgery, and at
the last follow-up. The anterior vertebral height ratio (AVHR), local kyphosis angle (LKA) of the injured
vertebra and intervertebral space height (ISH) were measured and calculated before surgery, one day after
surgery, one year after surgery, and at the last follow-up, to assess the degree of reduction and correction.
The AVHR was de�ned as the percentage of the anterior height of fractured vertebrae with respect to the
mean value of anterior vertebral height of the vertebra above and below the injured level. The LKA was
measured as the angle between the superior endplate of the vertebrae above and the inferior endplate of
the vertebrae below the fractured level. ISH was measured by the average height of the intervertebral disc
(H1 + H2)/2. These �ve indicators were used to assess clinical e�cacy (Fig. 5).

Statistical Methods
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SPSS 26.0 statistical software (SPSS Inc. Chicago, IL) was used for data analysis. The results were
presented as means ± standard deviations. The level of statistical signi�cance was set at p < 0.05. The
subjects’ ages, sex, BMD T socre, Follow-up months and BMI were compared and analyzed using
analysis of variance (ANOVA). ANOVA was also used to compare the degree of VAS, ODI, AVHR, LKA and
ISH at each stage. The paired T-test was used for within-group comparisons preoperatively, 1day after
surgery, and 1 year after surgery and the last follow up day.

Results

Demograhics
The demographic data of the three groups in shown in (Table 1). We analyzed 118 OVCF patients with
the bone cement leakage who operated by bilateral pedicle approach in our hospital from June 2015 to
October 2020. The mean age of these 118 patients was 71.85 ± 9.94 years (range,45 ~ 95) The mean
follow-up time was 20.97 ± 4.63 months (range,18 ~ 26). According to the degree of bone cement
leakage, these patients were divided into three groups. Group A: the mean age of 40 patients (14 male
patients and 26 female patients) was 72.28 ± 8.62. The mean preoperative BMD was − 2.7 ± 0.3. Group B:
the mean age of 39 patients (12 male patients and 27 female patients) was 73.28 ± 11.52. The mean
preoperative BMD was − 2.75 ± 0.39. Group C: the mean age of 39 patients (13 male patients and 26
female patients) was 69.97 ± 9.45. The mean preoperative BMD was 2.84 ± 0.46. The mean BMI of
groups are (22.59±3.5 vs. 22.98±3.51vs. 22.62 ± 3.45, P>0.05) There were no signi�cant differences
among the three groups in the above indicators ( P>0.05 Table 1).

Table 1
Demographics of Groups

  Group A(n = 40) Group B(n = 39) Group C(n = 39) P-Value

Age, years 72.28 ± 8.62 73.28 ± 11.52 69.97 ± 9.45 .324/NA

Sex, M/F 14/26 12/27 13/26 .494/NA

BMD T score -2.70 ± 0.30 -2.75 ± 0.39 -2.84 ± 0.46 .253/NA

Follow-up, months 20.98 ± 4.73 21.05 ± 4.61 20.90 ± 4.67 .989/NA

BMI 22.59 ± 3.5 22.98 ± 3.51 22.62 ± 3.25 .853/NA

by ANOVA test

NA: Not Applicable

Clinical E�cacy Outcomes
The clinical e�cacy data were shown below. The ODI and VAS have signi�cant differences after the
surgery among groups. Notably, the ODI value of group A (29.80 ± 5.96) was better than that of group
B(32.77 ± 6.33) and C (34.46 ± 6.65) at the last follow-up day (P 0.05). The VAS value of group A 1.73 ± 
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0.51 was better than that of group B (2.15 ± 0.67) and C (2.28 ± 0.69) at the last follow-up day (P 0.05
Table 2). Compared the preoperative, the AVHR, LKA and ISH all improved signi�cantly in all groups after
the surgery (P 0.05, Table 3). There were no signi�cant differences in AVHR and LKA among groups after
the surgery (Table 3 and Table 4). The ISH value of group C (4.04 ± 0.38) was worser than that of group B
(4.63 ± 0.27) and A (5.19 ± 0.34) at the last follow-up day (P 0.05 Table 5).

Table 2
Clinical E�cacy outcomes for groups

  Group A (n = 40) Group B (n = 39) Group C (n = 39) P-Value

Anova

VAS

Preop

Postop 1d

Postop 1y

Final

ODI

Preop

Postop 1d

Postop 1y

Final

7.88 ± 1.11

2.08 ± 0.86*

2.15 ± 0.66*

1.73 ± 0.51*

83.88 ± 2.36

32.45 ± 6.90*

30.20 ± 6.17*

29.80 ± 5.96*

8.10 ± 1.12

2.13 ± 0.80*

2.23 ± 0.71*

2.55 ± 0.67*

83.97 ± 3.17

34.03 ± 3.52*

33.69 ± 5.83*

35.77 ± 6.33*

8.46 ± 0.68

2.42 ± 0.92*

2.69 ± 0.80*

3.28 ± 0.69*

84.72 ± 6.44

36.77 ± 6.71*

38.37 ± 6.52*

44.46 ± 6.65*

.034

.168

.002

.000

.645

.006

.002

.000

Preop, preoperation; Postop 1d, one day after operation; Postop 1y, one year after operation; Final, the
last follow-up.

VAS, visual analogue scale; ODI, oswestry disability index.

* compared with preoperation, P < 0.05. T test

Others by anova test
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Table 3
AVHR change in the three groups.

Group AVHR (%)

preop

AVHR (%)

Post1d

AVHR (%)

Post1y

AVHR
(%)

Final

P value

Perop vs.post1d/ perop vs.1 year/
perop vs. Final

A(40) 58.86 ± 
11.90

82.72 ± 
10.43

83.18 ± 
9.99

81.99 ± 9.95 0.000/0.000/0.000

B(39) 58.54 ± 
10.65

87.56 ± 
7.53

86.68 ± 
6.65

85.82 ± 6.37 0.000/0.000/0.000

C(39) 60.75 ± 
10.75

84.20 ± 
8.49

83.57 ± 
9.71

82.85 ± 9.07 0.000/0.000/0.000

P
value
*

.638* .050* .167* .122*  

Preop, preoperation; Postop 1d, one day after operation; Postop 1y, one year after operation; Final, the
last follow-up.

AVHR, anterior vertebral height ratio.

*by ANOVA test

Others by paired T test
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Table 4
LKA change in the three groups.

Group LKA (°)

preop

LKA (°)

Post1d

LKA (°)

Post1y

LKA (°)

Final

P value

Perop vs.post1d/ perop vs.1 year/
perop vs. Final

A(40) 27.20 ± 
1.54

14.90 ± 
1.64

15.47 ± 
0.94

15.41 ± 1.06 0.000/0.000/0.000

B(39) 27.47 ± 
2.72

14.04 ± 
1.72

15.28 ± 
1.14

15.23 ± 1.18 0.000/0.000/0.000

C(39) 27.54 ± 
3.25

13.98 ± 
1.04

15.27 ± 
1.19

15.12 ± 1.12 0.000/0.000/0.000

P
value
*

.823* .110* .664* .516*  

Preop, preoperation; Postop 1d, one day after operation; Postop 1y, one year after operation; Final, the
last follow-up.

LKA, local kyphosis angle.

*by ANOVA test

Others by paired T test
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Table 5
ISH change in the three groups.

Group ISH(mm)

preop

ISH(mm)

Post1d

ISH(mm)

Post1y

ISH(mm)

Final

P value

Perop vs.post1d/ perop vs.1 year/
perop vs. Final

A(40) 6.68 ± 
0.68

6.45 ± 
0.44

5.95 ± 
0.56

5.19 ± 0.34 0.368/0.000/0.000

B(39) 6.65 ± 
0.73

6.29 ± 
0.52

5.30 ± 
0.67

4.63 ± 0.27 0.000/0.000/0.000

C(39) 6.57 ± 
0.70

5.83 ± 
0.59

4.78 ± 
0.61

4.04 ± 0.38 0.000/0.000/0.000

P
value
*

.731* .000* .000* .000*  

Preop, preoperation; Postop 1d, one day after operation; Postop 1y, one year after operation; Final, the
last follow-up.

ISH, Intervertebral space height.

*by ANOVA test

Others by paired T test

Operation related Indicators and complications.

There were no signi�cant differences in operation time and hospital stay among groups. However the
cement volume, time out of bed and complications have huge differences among groups. The CV
(cement volume) value of group C (7.87 ± 1.47) was more than that of group B (7.33 ± 1.58) and A (6.64 ± 
1.44, P 0.05). The incidence of complications of group C (17/39, 2.5%) was more than that of group B
(6/33, 15.4%) and A (1/39, P 0.05, 42.%). (Table 6) 1 case of AVF occurred in group A;There were 3 cases
of AVF and 3 cases of low back pain symptoms in group B. In Group C there were 6 cases of AVF and 11
cases of low back pain symptoms.
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Table 6
Operation related Indicators and complications for Groups

  Group A(n = 40) Group B(n = 39) Group C(n = 39) Value

OT (min) 49.62 ± 17.76 55.54 ± 21.07 58.97 ± 48.33 .431

CV (ml) 6.64 ± 1.44 7.33 ± 1.58 7.87 ± 1.47 .002

TOB, (h) 2.17 ± 0.55 3.31 ± 0.86 4.64 ± 1.41 .000

HS (day) 6.88 ± 3.41 8.10 ± 4.61 7.59 ± 2.43 .316

Complication Y/N 1/39 6/33 17 /22 .000

OT, operation time; CV, cement volume; TOB, time out of bed; HS, hospital stay; Complication,
recurrent low back pain or new re-fractures.

 

Discussion
Osteoporotic vertebral compression fracture is a common spinal injury which the elderly patients are
more likely to get the disease, PKP has a signi�cant effect of small trauma and rapid pain relief and has
now become an important method for the treatment of OVCF [12]. These days with the advancement of
technology and the skilled operation of doctors, the leakage rate of bone cement is getting less and less,
but it is inevitable. Once the bone cement leaks, the bone cement leakage around the vertebral body can
stimulate the sympathetic nerves, the leakage in the spinal canal can compress the nerves, the
intervertebral disc leakage can accelerate the degeneration of the intervertebral disc in the adjacent
vertebral body segments, and the leakage of bone cement into the lungs may be life-threatening.
Although more and more studies have been done on bone cement leakage, little has been said about
endplate and disc leakage.

Previously, some scholars who mainly study the in�uence of the classi�cation of bone cement leakage
on the treatment effect [13–16]. However, we can see that the classi�cation criteria used in different
studies are not the same and the conclusions are still unable to reach a consensus accounting for the
bone cement leaking into the intervertebral space has different anatomical distributions and its different
dosages, directions, solidi�cation.

In this paper, a new classi�cation based on the nutritional relationship between the intervertebral disc and
the upper and lower endplates was developed to explore the impact of bone cement leakage on patient
outcomes and intervertebral discs. Adequate bone cement contact with the unilateral endplate can
provide good immediate analgesia, but there may be no speci�c discomfort in the short term once
leakage occurs. However, under the action of long-term leakage, bone cement may play a certain role in
the degeneration of the intervertebral disc [17]. On the one hand, the force of the vertebral body is uneven,
and on the other hand, the nutrient supply relationship between the bilateral endplates to the
intervertebral disc is broken.
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In our study, we can see that the CV of Group C is more than other groups. In a sense, the increase in the
amount of bone cement leads to the severity of leakage. There is intense debate about the optimal
injection volume of bone cement. The main function of bone cement is to restore the stiffness and
strength of the vertebrae, and the risk of bone cement leakage increases as the amount of bone cement
increases. Most scholars pointed out that only 2ml of bone cement can restore the strength of the
vertebral body, but more bone cement can restore the stiffness of the vertebral body. Studies have also
shown that 15% bone cement �lling rate in the vertebral body can restore the stiffness of the vertebral
body, and when the bone cement volume fraction reaches 24% or higher, bone cement leakage or new
fractures will occur [18, 19]. According to the leakage, we can explore the effect of bone cement leakage
to the upper and lower endplates of the intervertebral disc on the prognosis of patients to some degree.

The main components of the vertebral body endplates are proteoglycan, collagen and water, which are
consistent with the composition of the intervertebral disc. These nutrients enter the intervertebral disc
through passive diffusion. The endplate of the vertebral body plays an important role in nourishing the
intervertebral disc and transferring stress. The endplate has a signi�cant in�uence on the normal
physiological state and pathological changes of the lumbar intervertebral disc. Injury and degenerative
changes of the vertebral body endplates can signi�cantly affect the biomechanics and nutrient supply
status of the intervertebral disc, which in turn leads to degeneration of the lumbar spine [20–22]. When
bone cement leaks into the bilateral end plates of the disc, it inevitably accelerates disc degeneration and
instability. There was no difference among groups in short-term postoperative VAS when bone cement
penetrated into the disc and bilateral endplates. However, with bilateral endplate involvement after long-
term operation, VAS and ODI at the last follow-up were signi�cantly worse than the other two groups. It
can be seen from this that intervertebral disc nutrition can change due to leakage of bone cement into the
intervertebral disc or bilateral endplates, which can cause dysfunction of intervertebral disc cells and even
death of intervertebral disc cells. The dehydration of the intervertebral disc loses its normal elasticity and
tension, which accelerates the degeneration of the intervertebral disc. On this basis, the annulus �brosus
is weakened or ruptured due to severe trauma or repeated indistinct injuries, and the nucleus pulposus is
prolapsed from there, compressing the nerve root, resulting in signs of nerve root compression. This may
also be the reason why patients with bone cement leaking into the bilateral endplates have recurrent
intractable low back pain. Therefore, the effect of simple leakage of one endplate of the intervertebral
disc and the simultaneous involvement of both endplates on the intervertebral disc and the postoperative
curative effect are worthy of our study.

In our study, regardless of the type of cement distribution, there was a clear bene�t for short-term pain
relief and restoration of vertebral height. This may be because there is another endplate that provides
nutrition and water to the intervertebral disc and this is consistent with previous clinical experience.
However, at long-term follow-up, pain in group C was signi�cantly higher than in the other two groups.
When bone cement leaks to the other endplate, recompression of the vertebral body on the one hand may
lead to spinal balance, local kyphosis, and thus chronic pain [23, 24]. However, our study found no
signi�cant difference in AVHR and LKA among the groups, only statistically signi�cant relative to
preoperative. On the other hand, the nutritional supply of the intervertebral disc is unbalanced, which
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accelerates the degeneration and may cause discogenic neuralgia. In addition, when the vertebral body
endplate is fractured, if the connection between the bone cement and the endplate is not good, it will
provide insu�cient support, resulting in vertebral body fracture. The fractured vertebral body is
continuously compressed, which is why the pain persists after surgery.

There are different opinions on the causes of AVF after surgery. It is still controversial for the reasons for
re-fractures such as the natural development of osteoporosis, biomechanical changes and excessive
injection of bone cement and the leakage of bone cement into the intervertebral disc. However, with the in-
depth study of the OVCFs, many scholars have found that recurring vertebral fractures after PKP. They are
mostly in the adjacent segment vertebral body and the incidence is relatively high. At present, most
scholars believe that low BMD, fracture surface and the number of the vertebral body, amount of bone
cement, the degree of leakage of bone cement intervertebral space and the compression of fracture
vertebral body, postoperative height recovery, ISH, etc. They all may be related to recurrence of vertebral
fractures after PKP.

Compared with the previous two groups, the disc height of the C group was lower, which is similar to the
previous study [25], and at the last follow-up, the disc height of the cemented disc leakage group was
signi�cantly reduced compared with the disc height of the non-leakage group, indicating that bone
cement intervertebral disc leakage will accelerate the progress of intervertebral disc degeneration to
compress the height of dis. However, the mechanism by which the leakage of bone cement aggravates
the degeneration of the intervertebral disc is still unclear. It has been noted in previous studies that bone
cement leakage into the disc increases pressure on the disc and accelerates disc degeneration
procedures [26, 27]. When the leakage of the upper and lower endplates of the same intervertebral disc is
involved at the same time, whether it is the force on the intervertebral disc or the nutritional supply of the
intervertebral disc, the degeneration of the intervertebral disc is promoted to a certain extent [28, 29]. This
may also be why AVF and recurrent low back pain are more likely to occur. To explore the relationship
between intervertebral disc degeneration and AVF caused by bone cement leakage to the intervertebral
disc and endplate, more researches are needed on bone cement leakage into the intervertebral discs and
endplates in the future.

Limitations
Because this study is a retrospective study, and due to the limitations of the small sample size, it still
needs to be further explored in the later stage of prospective wins, large samples, and multiple
randomized controlled studies. The best indicator of intervertebral disc degeneration is not the height of
the intervertebral disc in X-ray examination, but MRI scan. Because X-ray examination has the
advantages of low price and fast imaging compared with MRI examination, X-ray examination is often
selected for regular review after PKP not MRI scans. All indicators are measured manually and there are
certain measurement errors. In addition, there may be some deviations in the frontal and lateral projection



Page 13/20

angles of the spine taken at various time points after surgery and the resulting measurement errors are
also included in this study.

Conclusion
Unilateral endplate leakage after PKP operation will not have much impact on the patient’s prognosis, but
once it leaks to the intervertebral disc, or even the endplate on the other side of the intervertebral disc, it
will greatly compress the ISH and affect patient’s prognosis. Maybe that’s why appear AVF, low back pain
and discogenic neuralgia in long-term. Further research is needed on bone cement leakage into the discs
and endplates.
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Figure 1

The three types of bone cement leakage after PKP.
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Figure 2

A 63-year-old female diagnosed as L1 OVCF with Group A shaped cement ��lling pattern. Preoperative X-
ray from sagittal plane (A), CT (B), MRI (C) and postoperative X-ray from sagittal plane (D) one day after
the surgery and (E) at the last follow-up.

Figure 3
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A 57-year-old female diagnosed as T12 OVCF with Group B shaped cement ��lling pattern. Preoperative
X-ray from sagittal plane (A), CT (B), MRI (C) and postoperative X-ray from sagittal plane (D) one day
after the surgery and (E) at the last follow-up.

Figure 4

A 71-year-old female diagnosed as L1 OVCF with Group C shaped cement ��lling pattern. Preoperative X-
ray from sagittal plane (A), CT (B), MRI (C) and postoperative X-ray from sagittal plane (D) one day after
the surgery and (E) at the last follow-up.
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Figure 5

Methods of the surgical parameters.


