
Background: Previous studies have reported a high incidence of re-collapse of the augmented 
vertebrae after percutaneous vertebral augmentation (PVA) for osteoporotic vertebral 
compression fractures (OVCFs) with intravertebral vacuum cleft (IVC) during long-term follow-
up. Previous IVC might be considered an important predisposing factor for re-collapse, but the 
prior studies could not find a significant correlation.

Objective: To determine the incidence and distribution characteristics of IVCs and to further 
assess IVCs in their varied locations. To assess the long-term therapeutic efficacy of PVA for 
OVCFs with IVC.

Study Design: A retrospective cohort study.

Setting: Department of spinal surgery, an affiliated hospital of a medical university.

Methods: A retrospective review was performed on 594 patients who underwent PVA to 
treat OVCFs from January 2010 to December 2013. Eighty-two patients with the IVC sign were 
enrolled in the study. The follow-up period was a minimum of 2 years. The difference between 
IVC and non-IVC patients was compared. Comparisons of the radiological and clinical findings 
at varied IVC locations were made pre-operatively and post-operatively (immediate, at one year, 
and at 2 years).

Results: IVC incidence correlated with older patient age and severe demineralization. 
Other baseline parameters showed no significant differences. The rate of cement leakage 
and vertebral fracture was significantly lower in the IVC groups than in the non-IVC groups 
intraoperatively. There was no significant difference in the incidence of cement leakage or 
adjacent vertebral fractures between the 3 IVC groups. In the immediate postoperative period, 
all patients benefited from significant improvement in vertebral body height and kyphotic angle 
correction. However, significant re-collapse was observed at the 2-year post-operative follow-
up for the IVC patients when compared to the non-IVC patients. Among the 3 IVC groups, the 
most severe re-collapse was observed with inferior endplate IVCs. Superior endplate IVCs and 
IVCs extending to both endplates demonstrated only mild re-collapse at the 2-year follow-up.

Limitation: Due to the infrequency of this process, the number of patients with IVCs was 
small.

Conclusion: PVA treatment was initially effective in all patients with OVCFs. However, 
significant re-collapse of the augmented vertebrae with IVCs, especially those with inferior 
endplate IVCs, was found with long-term follow-up. 

Key words: Intravertebral vacuum cleft, percutaneous vertebral augmentation, osteoporotic 
vertebral compression fractures, affected vertebrae, augmented vertebrae
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as follows: (1) a single-level osteoporotic vertebral frac-
ture and no previous adjacent osteoporotic vertebral 
fracture; (2) a thoracolumbar (T11-L1) location of the 
affected vertebrae; (3) treatment with single-level PVA 
(percutaneous vertebrolplasty (PVP) or percutaneous 
kyphoplasty (PKP)) via bilateral portals; (4) a follow-up 
period of at least 2 years; (5) no additional history of 
trauma after surgery; (6) no complication after surgery, 
including leakage of polymethylmethacrylate (PMMA) 
into the spinal canal, or postoperative neurologic defi-
cit et al; and (7) regular radiologic follow-up studies 
and continuation of osteoporotic medications through-
out the follow-up period. Exclusion criteria were severe 
trauma, known malignancies, neoplastic fractures, and 
spinal infections. A total of 594 patients were enrolled 
in our study (M/F = 140:454). The average age of the 
patients was 73.1 years (range 60 – 90 years).

PVA
All of the PVA procedures were performed by 

3 spinal surgeons with greater than 10 years’ experi-
ence. Each of the surgeons received standard training 
in PVP or PKP.  The PVA technique was adopted by us-
ing a transpedicular approach (bipedicular needle in-
sertion) in an extended posture under local anesthesia 
(1% lidocaine) in all cases according to methods used in 
previous reports (11-13,15). During the operation, 11 to 
13 gauge bone biopsy needles were inserted parallel, 
or in a slightly descending course, through the pedicle 
until the needle tip was optimally positioned in the IVC 
area. Then, the stylet was removed from the trocar and 
PMMA powder with sterile barium sulfate (Tianjin Syn-
thetic Material Research Institute, Tianjin, China) was 
injected in the cleft for complete filling of the cleft, 
maximizing stabilization of the fracture fragments. PVP 
was carried out on 58 patients with an IVC and 354 pa-
tients without an IVC, while PKP was used on 24 pa-
tients with an IVC and 158 patients without an IVC.

After PVA, patients were encouraged to ambu-
late as soon as possible. Patients were prescribed back 
braces to be worn for 1 – 2 months and osteoporotic 
medications to include bisphosphonates and vitamin D 
or raloxifen.

The Evaluation for the Presence and Location 
of an IVC 

Prior to PVA, all images were reviewed in consen-
sus by 2 experienced radiologists. On CT and/or plain 
radiographs of the spine, an IVC sign was identified by 
a linear, triangular, or irregular region of low density 

Osteoporosis is common in the elderly and is 
becoming the leading cause of vertebral 
compression fractures as the size of the 

geriatric population increases (1). Osteoporotic 
vertebral compression fractures (OVCFs) can lead to 
spinal kyphotic deformities, can be the cause of back/
lumbar pain and balance impairments, and reduce 
patients’ quality of life (2,3). 

The development of an intravertebral vacuum cleft 
(IVC) in OVCFs (incidence of 10% – 48% [4,5]) has been 
reported as an important risk factor for severe verte-
bral collapse, progressive kyphosis, intractable back 
pain, and neurologic deficits (6,7). IVC refers to a prom-
inent radiolucency (gas containing), located centrally 
or adjacent to the vertebral body endplates as seen on 
computed tomography (CT) or plain radiographs (4,8). 
On magnetic resonance imaging (MRI), an IVC usually 
shows as low signal intensity on T1-weighted images 
and high or low signal on T2-weighted images, which 
mainly depends on whether fluid or gas fills the cleft, 
respectively (9,10).

To restore spinal stability and obviate severe pain, 
percutaneous vertebral augmentation (PVA) has been 
widely recommended and has also achieved good out-
comes with initial short-term follow-up (11-13). Howev-
er, previous studies (14) have reported a high incidence 
of re-collapse of the augmented vertebrae at long-term 
follow-up. They believed that having had an IVC might 
be an important predisposing factor for re-collapse, but 
they could not find a significant relationship between 
an IVC and re-collapse. Moreover, in conjunction with 
the previous reports (4,8), the varied locations of an IVC 
include adjacent to the superior endplate, adjacent to 
the inferior endplate, or an oblique orientation com-
municating with both endplates. Hence, we hypoth-
esize that the location of the IVC may be a significant 
factor in re-collapse. The aim of this retrospective study 
is to determine the incidence and distribution charac-
teristics of the IVC sign in OVCFs, and to demonstrate 
the impact that the location of the IVC has on the long-
term therapeutic efficacy of PVA.

Methods

Patients
To determine whether the location of the IVC is a 

significant factor in re-collapse post PVA, 834 consecu-
tive patients who had undergone PVA for the treat-
ment of OVCFs were investigated between January 
2010 and December 2013. The inclusion criteria were 
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(gas) within a collapsed vertebral body. On MRI, an IVC 
usually shows as low signal intensity on T1-weighted im-
ages and high (fluid containing) or low signal (gas con-
taining) on T2-weighted images (9,10). Additionally, a 
peripheral zone of hypointensity can be seen surround-
ing the hyperintensity on T-2 weighted images (4,8-10). 
In conjunction with previous reports of IVC locations 
(8,10), the varied locations of an IVC within the affected 
vertebral body were categorized and correlated with 
findings at long-term follow-up. In our study, 82 pa-
tients (M/F = 20:62; average age, 75.21 years) were iden-
tified with an IVC. The distributions of the location of 
the IVCs were as follows: adjacent to the superior end-
plate in 58 patients, adjacent to the inferior endplate 

in 12 patients, and extending to both endplates in 12 
patients (Fig. 1).

Data Collection of Radiological Parameters
We retrospectively measured preoperative and 

postoperative (immediately, one year, and 2 years) 
radiological parameters including vertebral height 
loss and kyphotic angle. The vertebral height loss and 
kyphotic angle were measured according to previ-
ous studies described by Ha and Kim (16) and Linn et 
al (8). Vertebral height was measured at the point of 
maximal collapse of the affected vertebrae. The ver-
tebral compression rate (CR) at each follow-up period 
was measured as the rate of vertebral height of the 

Fig. 1. Distribution of  the location of  the IVCs on the sagittal T2-weighted (T2W) images. A: Sagittal T2W MRI demonstrates 
a small amount of  fluid within an L1 superior endplate intravertebral cleft; B: Sagittal T2W MRI demonstrates fluid within an 
L2 inferior endplate intravertebral cleft. Chronic anterior compression fracture of  L4; C: Sagittal T2W MRI demonstrates fluid 
within T12 extending to both endplates consistent with an intravertebral cleft. There is lumbarization of  S1. IVC = intravertebral 
vacuum cleft.
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augmented vertebrae to the mean vertebral height 
of the upper and lower vertebrae. Reduction rate (RR) 
was calculated using the difference between preopera-
tive and postoperative CR. The progressive height loss 
(PHL) was calculated using the difference between im-
mediate postoperative and last follow-up period. The 
kyphotic angle (KA) was measured using Cobb’s meth-
od between adjacent vertebrae, which was the angle 
between the upper endplate of the upper vertebral 
body and the lower endplate of the lower vertebrae. 
Reduction angle (RA) was calculated using the differ-
ence between the preoperative and postoperative KA. 
Progressive angle (PA) was calculated using the differ-
ence between the immediate postoperative and last 
follow-up period. Additionally, cement leakage was 
also assessed.

Data Collection of Clinical Parameters
Several preoperative clinical parameters, including 

age, gender, bone mineral density (BMD), visual analog 
scale (VAS) score of back pain, and Oswestry Disability 
Index (ODI) were evaluated. Meanwhile, immediately 
postoperative, one-year, and 2-year VAS scores and ODI 
indices were compared.

Statistical Analysis
SPSS 11.0 statistical software (SPSS, Inc., Chicago, IL, 

USA) was used for analysis. Comparisons were made be-
fore and at each postoperative follow-up appointment. 
Qualitative characteristics of groups were assessed us-
ing the Mann-Whitney U-test and t-test. Chi-squared 
tests were performed for categorical variables. A P < 
0.05 was considered statistically significant.

Results 
The IVCs were observed in 82 out of 594 patients 

who had single OVCF in the thoracolumbar vertebrae 
(13.8% incidence). The primary location of the IVCs was 
adjacent to the superior endplate (70.7% incidence). 
There was no significant difference between the IVC 
and non-IVC patients in regard to baseline parameters 
including gender, VAS, ODI, vertebral height, and KA 
(Table 1). However, the patients in the IVC groups had 
lower BMD and an older patient age than did patients 
in the non-IVC group (P < 0.05, Table 1). 

Although the BMD of the IVC patients was still 
lower than that of the non-IVC patients, Table 2 
shows that the BMD had improved in all patients at 
the 2-year postoperative follow-up. In the immediate 
postoperative period, all patients benefited from sig-
nificant improvement in vertebral body height and 
KA correction (P < 0.05). There was no significant dif-
ference in vertebral body height and KA between the 
IVC groups and the non-IVC group. However, signifi-
cant re-collapse was observed at the 2-year postop-
erative follow-up for the IVC groups compared to the 
non-IVC group. Among the 3 IVC groups, the most 
severe re-collapse was observed with inferior end-
plate IVCs. The mean rate of vertebral compression 
and KA was 0.65 (SD 0.11) and 17.65 (SD 9.93), re-
spectively, for the inferior endplate IVC group at the 
2-year postoperative follow-up. In contrast, superior 
endplate IVCs and IVCs extending to both endplates 
only demonstrated mild re-collapse at the 2-year 
postoperative follow-up. The mean rate of vertebral 
compression and KA was 0.77 (SD 0.10) and 13.59 (SD 
8.79) for the superior endplate IVC group; the mean 

Table 1. Baseline characteristics of  patients in this study.

IVC intravertebral vacuum cleft, BMD bone mineral density, VAS visual analogue scale, ODI Oswestry Disability Index
a Quantitative variables were expressed as mean ± SD
*P < 0.05 the comparison between IVC and non-IVC groups

Patient characteristics
IVC group

Non-IVC groupAdjacent to the superior 
endplate

Adjacent to the inferior 
endplate

Extending both 
endplates

Number of patients 58 12 12 512

Age (years)a 74.63 ± 9.96* 75.86 ± 10.34* 78.45 ± 11.23* 72.23 ± 8.89*

Gender of female (%) 46 (79.3) 10 (83.3) 6 (50.0) 392 (76.5)

BMDa -4.34 ± 0.94* -4.35 ± 0.74* -4.44 ± 1.06* -3.34 ± 0.78*

vertebral heighta 0.76 ± 0.10 0.75 ± 0.13 0.64 ± 0.22 0.77 ± 0.13

kyphotic anglea 13.76 ± 6.54 13.557.40 15.75 ± 5.61 13.33 ± 5.56

VASa 8.27 ± 0.36 8.14 ± 0.45 8.35 ± 0.56 8.27 ± 0.36

ODIa 83.77 ± 9.76 83.10 ± 7.62 84.67 ± 6.44 83.06 ± 4.79
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Table 3 also demonstrated 2 common complica-
tions including cement leakage and adjacent vertebral 
fractures. The rate of cement leakage in the IVC groups 
was significantly lower than that in the non-IVC groups 
intraoperatively (P < 0.05, 8.5% versus 17.4%). The rate 
of cement leakage showed no significant difference 
in the 3 IVC groups (P > 0.05). Similarly, the incidence 
of adjacent vertebral fractures in the IVC groups was 
also significantly lower than that in the non-IVC groups 
intraoperatively (P < 0.05, 7.3% versus 19.9%). The in-
cidence of adjacent vertebral fractures showed no sig-
nificant difference between the 3 IVC groups (P > 0.05).

Table 4 shows the change of VAS and ODI scores. 

rate of vertebral compression and KA was 0.80 (SD 
0.12) and 14.18 (SD 7.86) for the group with the IVCs 
extending to both endplates.

Table 3 further demonstrates the change of the 
rate of vertebral compression and KA at the 2-year 
postoperative follow-up. The RR and RA showed no sig-
nificant difference in all patients (P > 0.05). However, 
PHL and PA of the IVC groups was greater than that of 
the non-IVC group. Among the 3 IVC groups, PHL and 
PA was the greatest for the inferior endplate IVC group 
(P < 0.05). Progression of re-collapse of the augmented 
vertebrae in the inferior endplate IVC group was con-
firmed by imaging analysis and serial follow-up (Fig. 2).

Table 2. The postoperative BMD and radiological parameters of  patients within 2 years follow-up in our study.

IVC group
Non-IVC groupAdjacent to the 

superior endplate
Adjacent to the 
inferior endplate

 Extending both 
endplates

BMD 

Preoperative -4.34 ± 0.94 -4.35 ± 0.74 -4.44 ± 1.06 -3.34 ± 0.78

After 1 year -4.13 ± 0.76 -4.11 ± 0.76 -4.23 ± 0.93 -3.18 ± 0.62

After 2 years -4.01 ± 0.83 -3.97 ± 0.69 -4.01 ± 0.78 -3.070.66

CR

Preoperative 0.76 ± 0.10 0.75 ± 0.13 0.64 ± 0.22 0.76 ± 0.10

After 1st day 0.85 ± 0.09* 0.85 ± 0.11* 0.84 ± 0.14* 0.85 ± 0.07*

After 1 year 0.79 ± 0.10 0.68 ± 0.10 0.81 ± 0.11 0.82 ± 0.10

After 2 years 0.77 ± 0.10 0.65 ± 0.11* 0.80 ± 0.12* 0.79 ± 0.11*

KA

Preoperative 13.76 ± 6.54 13.55 ± 7.40 15.75 ± 5.61 13.33 ± 5.56

After 1st day 9.20 ± 7.36* 9.56 ± 6.97* 12.81 ± 6.44* 9.30 ± 6.93*

After 1 year 12.41 ± 8.32 16.50 ± 8.61 13.95 ± 6.82 10.567.56

After 2 years 13.59 ± 8.79 17.65 ± 9.93 14.18 ± 7.86 11.716.74*

BMD bone mineral density; CR the rate of vertebral compression; KA the kyphotic angle, IVC intravertebral vacuum cleft
Data was shown as mean ± standard deviation
*P < 0.05 compared to the preoperative measurement

Table 3. The comparison of  radiological parameters and common complication of  patients in our study.

IVC group

Non-IVC groupAdjacent to superior 
endplate

Adjacent to 
inferior endplate

 Extending 
both endplates

Reduction rate 0.09 ± 0.07 0.10 ± 0.05 0.15 ± 0.13 0.09 ± 0.05

Progressive height loss 0.08  ±  0.07* 0.19 ± 0.11* 0.04 ± 0.04* 0.06 ± 0.05*

Reduction angle 4.29 ± 4.56 4.00 ± 3.30 2.94 ± 3.53 4.11 ± 3.98

Progressive angle 7.39 ± 5.26* 13.10 ± 5.84* 6.37 ± 4.13* 3.47 ± 4.34*

Cement leakage (%) 4 (6.9)* 1 (8.3)* 2 (16.7)* 89 (17.4)*

Adjacent vertebral fracture (%) 3 (5.2)* 1 (8.3)* 2 (16.7)* 102 (19.9)*

Data was shown as mean ± standard deviation
*P < 0.05 the comparison among all groups



VAS visual analogue scale, ODI Oswestry Disability Index, IVC intravertebral vacuum cleft
Data was expressed as mean ± SD
*P < 0.05 compared to the preoperative measurement
#P < 0.05 the comparison among all groups at the same follow-up stage
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The VAS and ODI scores had the same patterns for all 
patients as compared to radiologic parameters. In the 
immediate postoperative period, the VAS and ODI 
scores of all patients decreased significantly (P < 0.05). 
There was no significant difference between the 3 IVC 
groups (P > 0.05). However, at the 2-year postoperative 
follow-up, the VAS and ODI scores in the IVC groups 
were significantly higher than that in the non-IVC 
group (P < 0.05). Among the 3 IVC groups, the VAS and 
ODI scores were the highest for the inferior endplate 
IVC group at the 2-year postoperative follow-up (P < 
0.05). 

Discussion 
IVC is considered to be a sign of avascular necro-

sis of the vertebral body (4,5). Maldague et al (17) first 

associated avascular necrosis with the IVC sign in 1978 
by following up 10 patients with an IVC sign. They col-
lected the histological data of one patient and radio-
logic data of 6 patients, and presumed that the IVC was 
a specific sign of local bone ischemia. Anatomic stud-
ies conducted by Ratcliffe (18) also suggested that the 
presence of the IVCs correlated with avascular necrosis. 
The vertebral ventral zone in the thoracolumbar region 
is only supplied by anterior peripheral and metaphyseal 
arteries. When OVCFs take place, these weak arteries 
are compromised. Furthermore, an insufficient revas-
cularization and bone fracture healing process occurs 
(19,20). In addition, Dupuy et al (21) also conducted a 
study by observing the substance compositions in the 
IVC area during CT-guided biopsies. They found that 
the substances in the IVC area were composed of ne-

Fig. 2. Lateral radiograph and sagittal T2W MRI demonstrate progressive re-collapse of  an augmented vertebrae in a 76-year-
old woman with a T12 compression fracture. A: Lateral radiograph demonstrates a T12 compression fracture. B: T2W 
MRI demonstrates an inferior endplate IVC with internal high/fluid signal. There was a hemangioma in L1; C: Immediate 
postoperative lateral radiograph shows well-deposited cement and re-expansion of  the compressed vertebrae. A severe re-collapse 
developed at the one-year follow-up D: and 2-year follow-up E.

Table 4. The VAS and ODI values of  patients within 2 years follow-up in our study.

Preoperative Postoperative 
1st day 

Postoperative 
1st year 

Postoperative 
2nd year 

VAS Adjacent to superior endplate 8.27 ± 0.36 1.78 ± 1.04* 2.28 ± 1.45 2.37 ± 1.45*#

Adjacent to inferior endplate 8.14 ± 0.45 1.72 ± 0.98* 2.79 ± 1.42 4.15 ± 1.12*#

Extending both endplates 8.35 ± 0.56 1.66 ± 0.76* 1.78 ± 1.01 1.81 ± 0.93*#

Non-IVC group 8.27 ± 0.36 1.60 ± 0.94* 1.79 ± 0.89 2.01 ± 0.78*#

ODI Adjacent to superior endplate 83.77 ± 9.76 27.30 ± 7.40* 29.36 ± 4.75 31.12 ± 4.93*#

Adjacent to inferior endplate 83.10 ± 7.62 26.09 ± 6.03* 34.11 ± 8.70 41.03 ± 8.90*#

Extending both endplates 84.67 ± 6.44 27.33 ± 7.97* 29.24 ± 3.86 32.54 ± 4.23*#

Non-IVC group 83.06 ± 4.79 26.73 ± 4.98* 27.88 ± 4.87 28.50  ± 5.01*#
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crotic cancellous bone, hyaline cartilage with fractured 
callus, and fluid collections, all of which were associ-
ated with underlying avascular necrosis.

Prior studies (22) have reported the location of the 
affected vertebrae with the IVCs occurred predomi-
nantly at the thoracolumbar junction. Our finding was 
compatible with theirs. Based on increased motion and 
greater load in this area, Ito et al (7) described the evo-
lution of an IVC as initially taking place in the weaker 
anterior column of the index vertebra, and gradually 
expanding toward the anterior wall to cause dynamic 
mobility. Eventually the posterior wall becomes in-
volved causing collapse of the entire index vertebra. In 
our study, the most common location of the IVC within 
the affected vertebral body was adjacent to the supe-
rior endplate (70.7% incidence). Linn et al (8) and Mal-
dague et al (17) had similar results, which were 62.8% 
and 70% in their studies, respectively.

In our study, IVC incidence correlated with older 
patient age and severe demineralization. Under nor-
mal conditions, vertebral fractures should undergo an 
active remodeling of the vertebral body. However, the 
affected vertebra with severe demineralization has in-
creased bone fragility, and has decreased the ability for 
remodeling of the affected vertebrae. Hence, an avas-
cular necrosis area is more likely to occur presenting 
with an IVC sign. 

IVCs create instability within the fractured ver-
tebral body which could be detected on the radio-
graphs comparing neutral with flexion and extension 
views (23,24). The patients with IVCs usually have se-
vere back pain and do not respond to conservative 
treatment such as bed rest, medication, etc. (11,25). 
Hence, it is necessary to treat IVCs by surgical inter-
vention with PVA in order to restore spinal stability 
by restoring continuity of the vertebral body and by 
slowing or halting progressive collapse of the affect-
ed vertebrae (11-13). In our study, all patients dem-
onstrated significant improvement in radiographic 
findings and in their clinical evaluations during the 
immediate postoperative period. The results con-
ducted by previous studies (14,15) also demonstrated 
good outcomes during the initial short-term follow-
up. However, significant re-collapse was observed at 
the 2-year postoperative follow-up for the IVC pa-
tients when compared with the non-IVC patients in 
our study. The distribution pattern of PMMA cement 
might be an important predisposing factor. In the IVC 
groups, PMMA is injected into the cleft forming a fo-
cal conglomerate of cement. This conglomerate may 

induce greater stress upon the already weakened sur-
rounding trabecula (26,27). The greater the degree 
of demineralization, the greater the fracture risk of 
un-augmented trabecula with the affected vertebral 
body. This might explain the significant re-collapse of 
the ‘PMMA-nonsupported’ area of the affected ver-
tebra with IVCs.

In our study, the rate of cement leakage was sig-
nificantly lower in the IVC groups than that in the non-
IVC groups intraoperatively. It was possible that the fi-
brocartilagenous membrane at the periphery of the IVC 
prevents cement extrusion (26,27). It was observed that 
the incidence of new adjacent vertebral fractures was 
lower in the IVC groups than that in the non-IVC group 
at the 2-year postoperative follow-up. The biomechani-
cal changes reported by Kim et al (28) and Wilke et al 
(29) also supported our results. They found that the 
stiffness of the augmented vertebral body filled with 
a focal conglomerate of cement was also significantly 
lower than that interspersed throughout the trabecular 
bone space of cement. Hence, it might reduce the risk 
of a new fracture of adjacent vertebral bodies in the 
IVC groups. 

Among the IVC groups, the most severe re-collapse 
was observed with inferior endplate IVCs in our study. 
In our series of cases with the superior endplate IVCs, 
the upper aspect of the affected vertebral body was 
normally filled with a focal conglomerate of PMMA, 
and the interface between cement and unsupported 
surrounding trabecula was routinely located in the in-
ferior aspect of the affected vertebral body. On the con-
trary, when the inferior endplate IVCs were presented, 
the inferior aspect of the affected vertebral body was 
normally filled and the interface was routinely located 
in the superior aspect of the affected vertebral body. 
Based on prior biomechanical perspective (28,30), some 
studies have demonstrated that the stress in the supe-
rior aspect of the affected vertebral body is higher than 
that in the inferior aspect. For this reason, the stress 
of the interface might be higher when the interface is 
located in the superior aspect of the affected vertebral 
body compared with that in the inferior aspect. This 
might explain our results that the concentrated cement 
in the inferior endplate IVCs group could induce exag-
gerated localized stress on the surrounding trabecula 
thus causing severe re-collapse. 

The limitation of this study was that it was a ret-
rospective study and had only 2 years of follow-up. 
Due to the low incidence of this disease, the number 
of patients was relatively small. A prospective large 
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study with longer term follow-up is needed to verify 
the conclusion.

Conclusion 
According to our results, IVCs are not a rare 

phenomenon in OVCFs, and the location of the IVC 
is an important factor in re-collapse post PVA. PVA 

may not provide long-term stabilization for patients 
with IVCs, especially when the inferior endplate is in-
volved. Because of significant re-collapse for the IVC 
patients at long-term follow-up, we strongly recom-
mend rigorous observation and extended follow-up 
for these patients, especially patients with inferior 
endplate IVCs. 


