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ABSTRACT 

Purpose: To clarify the effect of percutaneous vertebroplasty for vertebral compression fracture by assessing the changes 
of radiographic and CT image findings. Materials and Methods: A retrospective radiological analysis comprising 101 
vertebrae of 48 patients who underwent percutaneous vertebroplasty for painful osteoporotic vertebral compression 
fracture was conducted. Whole spine radiographs and CT images were compared in patients preoperatively and 6 
months postoperativey. Sagittal Cobb angles in three regions, sagittal vertical axis, and pelvic tilt were measured using 
whole spine lateral radiographs. CT findings due to the vertebral compression fracture, its healing process, and compli- 
cations were evaluated. Results: On radiographs, sagittal alignment had an average gain of no more than 2.5˚ in each 
region. Sagittal vertical axis and pelvic tilt did not show significant change. Out of 68 vertebrae that demonstrated cor- 
tical disruption on preoperative CT, 37 (54%) demonstrated fusion of disrupted cortex on postoperative CT. Conclusion: 
No significant difference was observed between preoperative and postoperative spinal sagittal alignment on radiographs. 
However, CT did reveal healing process through fusion of disrupted cortex, intervertebral bridging, and increased den-
sity of cancellous bone. It is suggested that cement in the space of fracture may play a role in both mechanical stability 
and bone union. 
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1. Introduction 

Osteoporotic vertebral compression fracture (VCF) is a 
common cause of back pain in the elderly population and 
is known to be associated with neurologic compromise, 
permanent disability and spinal deformity [1]. In addition 
to these commonly associated ailments, VCF may also 
progress into spinal kyphosis which in fact, may alter 
spinal biomechanics consequently affecting spinal erec-
tor muscles and therefore causing severe fatigue and pain. 
It may also involve various bodily systems and cause 
respiratory dysfunction, gastro-esophageal reflux disease, 
loss of appetite and decrease both lung capacity and ab-
dominal space [2]. 

To this end, percutaneous vertebroplasty (PVP) ap-
pears to be the treatment of choice where conservative 

management has failed [3,4]. PVP is a minimally inva-
sive procedure that effectively addresses severe back 
pain associated with VCF and helps prevent kyphosis 
progression. Theoretically, restoring the overall spinal 
sagittal alignments in VCF patients is believed to hold 
obvious benefits. However, although several authors re- 
ported that PVP effectively reduced local kyphosis in 
fractured vertebrae [5,6], few have yet reported PVP’s 
role in improving overall sagittal alignment. Additionally, 
multi-detector computed tomography (MDCT) effectively 
evaluates any morphological changes and overall fracture 
healing process [7,8]. 

To our knowledge, no report has yet analyzed post- 
PVP osteoporotic VCF healing process from CT imaging 
and the purpose of this present study was to assess over-
all spinal alignment changes as well as examine VCF 
bony healing process based on pre and post-PVP MDCT. *Corresponding author. 
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2. Materials and Methods 

2.1. Patients 

Over a three-year period (February 2009 to March 2011) 
our institution retrospectively assessed 162 post-PVP cases 
for osteoporotic VCF. The inclusion criteria were pre- 
and 6 months post-PVP interventions with both spine CT 
in the supine position and whole spine lateral radiographs 
in the standing position. Exclusion criteria consisted of 
additional PVP treatment or surgery within 6 months after 
PVP (n = 4), as well as imaging artifacts (n = 1). Out of 
the 162 patients who underwent PVP, 53 met the inclu- 
sion criteria, 5 were excluded, and 48 with a total number 
of 101 vertebral compression fractures were enrolled to 
this study. Baseline characteristics of the patients are 
shown in Table 1. Our institutional review board ap- 
proved this study and waived the need for informed con- 
sent. 

2.2. PVP Procedures 

The PVP procedures were performed by 4 interventional 
radiologists (K.T., S.H., Y.O., M.N.) with at least 4 years 
of experience, using a single C-arm fluoroscopy and 
consisted of transpedicular bone cement injection under 
the isocenter puncture method (ISOP) [9]. In the fluo- 
roscopy suite patients underwent sedation with intrave- 
nous administration of 25 mg hydroxyzine hydrochloride 
and 15 mg pentazocine in which subsequently a 23- 
gauge needle with 10 mL 1% Lidocaine was inserted in 
the vicinity of the targeted vertebra. A 13- or 15-gauge 
bone biopsy needle was placed transpedicularly in the 
anterior two thirds of the fractured vertebral body. Bar-
ium-opacified polymethylmethacrylate (PMMA) bone 
cement was injected under continuous fluoroscopic im-
aging. The injection was terminated when the cement 
spread to the posterior quarter of the vertebra or cement 
leakage occurred. The needle was removed and the pa-
tients rested in the supine position for at least 2 hours. 
 

Table 1. Characteristics of patients. 

Characteristics Value 

Age (year old) 76 ± 6 

Sex (Female/Male) 35/13 

Height (cm) 145.6 ± 19.6 

Body weight (kg) 49.0 ± 7.9 

Body Mass Index (kg/cm2) 22.2 ± 4.1 

History of Parkinson’s disease  
(number of cases) 

4 

History of cerebral vascular accident  
(number of cases) 

0 

History of rheumatoid arthritis  
(number of cases) 

0 

steroid use more than 5mg/day  
(number of cases) 

4 

Indications for PVP were as follows: 1) older than 60 
years of age; 2) continuous pain lasting for a period of 
over 6 weeks despite conservative therapy with bed rest, 
physical therapy, and analgesics; 3) bone edema or pseu-
doarthrosis at fractured vertebrae on CT or MRI; and 4) 
VCF at T5 or lower. The exclusion criteria were as fol-
lows: 1) infection; 2) coagulopathy; 3) severe cardio-
pulmonary comorbidity; 4) suspected underlying malig-
nancy; 5) destroyed posterior wall with neurological 
symptoms; and 6) severe biconcave type fracture formed 
consent. 

2.3. Imaging Analysis 

2.3.1. Whole Spine Radiographs & Spinal CT 
Lateral whole spine radiographs in the standing position 
were obtained both pre- and six months post-PVP pro- 
cedures. Two diagnostic radiologists (H.I. and S.M.) then 
performed imaging analysis using imaging viewer (Yo-
kogawa Electronic Corporation, Japan) and compared sa- 
gittal tilt angle of 3 separate regions following the Cobb 
method; (thoracic kyphosis (T5-T12), lumbar lordosis 
(T12-S1) and thoracolumbar kyphosis (T10-L2)) as well 
as sagittal vertical axis (SVA) and pelvic tilt (PT) [10,11] 
(Figure 1). 

All patients were scanned with a 64-MDCT scanner 
(Aquilion 64, Toshiba Medical Solutions). The scanning 
parameters were as follows: 120 kVp; a 0.5 mm colli-
mation; a 0.75-second rotation time; a pitch of 0.64; 
3-mm-thick reconstructions; and 3-mm reconstruction 
increments with a bone reconstruction algorithm (FC31). 
Sagittal and coronal images were reconstructed and 
compared from the data sets obtained pre- and post-PVP 
with MDCT using a ZIO workstation (ZIOSOFT, Japan). 

2.3.2. Semiquantitative Method 
Vertebral fractures were assessed following the semi-
quantitative method which was originally established by 
Genant et al. [12] and consists of a visual evaluation of 
collapsed vertebrae. This method is documented to have 
higher inter- and intra-observer agreement when com- 
pared to the more widely utilized quantitative method 
[12]. Grade I represents deformity with vertebral height 
reduction ranging from 20% to 25%, Grade II reduction 
from 25% to 40% and Grade III reduction >40%. The 
semiquantitative method can also grade vertebral fracture 
from MDCT remodeled sagittal views and can be as use- 
ful as a traditional lateral radiographs [13,14]. 

2.3.3. CT Imaging 
CT imaging of the pre- and post-PVP procedures can 
clearly delineate the healing processes involved within 
and around the fracture zone of the vertebral body. For 
this purpose we divided the findings according to: 1) 
findings from fracture, 2) findings from healing process  
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Figure 1. 50-year-old healthy woman with whole spine radiograph that shows the ways of measurements. (a) Thoracolumbar 
(T10-L2) and lumbar (T12-S1) lordotic angle measurement lines using Cobb method are shown. (b) Thoracic kyphotic angle 
(T5-T12) measurement lines using Cobb method are shown. (c) Sagittal balance that is the distance from posterior edge of 
sacral endplate to C7 vertical axis is measured. (d) Pelvic tilt angle is defined as the angle between a vertical line and a line 
connecting the midpoint of bilateral femoral heads and the midpoint of sacral endplate. 
 
and 3) complications.  

 

1. Findings from fracture are characterized with 1) the 
minimal spinal canal diameter at the fractured level on 
sagittal reconstructed CT data, inspecting how much of 
the spur or PMMA protruded into spinal canal (Figure 2); 
2) Cortical bone disruption was observed in the supe-
rior/inferior endplate, anterior, posterior and/or lateral 
wall of vertebra. (Figure 3(a)). 

2. Findings from healing process describe 1) the fu-
sion of disrupted cortex that can be detected on follow-up 
CT and compared with the pre-PVP CT images (Figure 
3(b)); 2) Intervertebral bony bridging structures attach 
the PVP-treated fractured vertebra with the immediately 
adjacent superior or inferior vertebra with the help of 
elongated and fused spurs often found in the anterior 
surface of the vertebrae (Figure 4); 3) Increased cancel-
lous bone density may be representative of cancellous 
bone stiffness resulting from intravertebral ossification 
from the union of a fractured vertebral body (Figure 5). 

Figure 2. Minimal spinal diameters of sagittal reconstructed 
images of both preoperative (a) and 6 months postoperative 
(b) CT were measured. 
 

 

3. Finally, Complications were generally associated 
with cement leakage from the treated vertebral body (Fig- 
ure 3(b)) and also additional vertebral fractures that ap-
pear on follow-up CT imaging. 

2.4. Statistical Analysis 
Figure 3. 78-year-old woman with osteoporotic vertebral 
compression fractures who underwent percutaneous verte-
broplasty at T10-T12. (a) Sagittal reconstruction of preop-
erative spine CT shows disrupted cortex at the fractured 
vertebra (circle). (b) Fusion of disrupted cortex was seen at 
the same vertebra on the CT taken 6 months after PVP 
(dashed circle). Cement leakage from the treated vertebra 
was also seen in the intervertebral space (arrow). 

The results of imaging analysis of the whole spine radio-
graph are provided as mean ± standard deviation of 
measured angles and length. The results of CT image 
analysis are provided as the percentage of the vertebrae 
where each finding was obtained. Statistical analysis was 
performed using commercially available software (JMP,  
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Figure 4. 80-year-old woman with osteoporotic vertebral 
compression fractures who underwent percutaneous verte- 
broplasty at T12-L1. (b) Sagittal reconstructed CT image 6 
months postoperatively shows anterior bony bridging con-
necting the T12 vertebrae on which PVP was performed 
and its adjacent T11 vertebra (arrow). (a) Bony bridging 
was not seen on the CT taken before the PVP procedure. 
 

 

Figure 5. 82-year-old woman with osteoporotic vertebral 
compression fractures who underwent percutaneous verte-
broplasty at L3. (b) Increased cancellous bone density 
(dashed circles) seen at the structure surrounding the in-
jected PMMA cement on the reconstructed axial image of 
spine CT taken 6 months postoperatively, compared to CT 
taken preoperatively (a). 
 
version 8.0.2, SAS Institute). The t-test was applied to 
determine whether the results of the measurements on 
whole spine radiographs and the minimal spinal diameter 
on CT were significantly different pre- and post-PVP. A 
p value of less than 0.01 was considered to indicate sta- 
tistical significance. 

3. Results 

The mean age of the patients was 76 ± 6 years (35 
women and 13 men). The mean follow-up period was 6.2 
± 0.7 months (5 - 7 months). The treated levels were dis-
tributed from T7 to L5: 2 in T7, 1 in T8, 2 in T9, 4 in 
T10, 6 in T11, 21 in T12, 22 in L1, 22 in L2, 11 in L3, 7 
in L4, and 3 in L5. 

On whole spine radiographs, we found no significant 
difference (p < 0.01) between thoracic, thoracolumbar 
kyphosis, lumbar lordosis, SVA, and PT angle in pre- 
and post-PVP imaging investigations (Table 2). 

Out of a total of 101 VCF in 48 patients, 97 vertebrae  

Table 2. The result of measurements using lateral whole 
spine radiograph. 

Measurements Preoperation Postoperation Δpost - pre p value

Thoracic (T5-12) 
kyphotic angle 

36.4 ± 17.4 37.4 ± 18.8 0.9 ± 8.3 0.611

Thoracolumbar 
(T10-L2) kyphotic 

angle 
34.5 ± 16.7 36.9 ± 17.3 2.5 ± 7.1 0.013

Lumbar (T12-S1) 
kyphotic angle 

−23.6 ± 18.6 −24.4 ± 19.0 −0.8 ± 10.0 0.695

Sagittal balance 
(mm) 

78.7 ± 47.2 82.5 ± 52.9 3.8 ± 31.9 0.383

Pelvic tilt angle 33.8 ± 11.0 34.2 ± 11.0 0.4 ± 5.4 0.473

Positive value of Cobb angle indicate kyphosis, negative values of Cobb 
angle indicate lordosis. None of the measurements showed statistically 
significant difference between pre- and 6 months post-PVP. 

 
retained the same type of deformity while 94 vertebrae 
demonstrated identical degree of severity on both pre- 
and post-PVP CT analysis. 

Following a semi-quantitative method inspection, we 
did not identify any significant differences in morphol- 
ogy and severity of fracture on sagittal reconstructed 
images of CT (Figure 6). 

The mean minimum spinal diameter was 11.2 mm ± 
2.4 on pre-PVP CT and 10.9 mm ± 2.6 on post-PVP CT, 
which did not show any significant difference (p = 0.03). 

The mean preoperative and postoperative loss of spinal 
canal diameter was 0.3 mm ± 1.4 (Table 3). 

Out of 101 vertebrae, 68 vertebrae (68%) showed cor-
tical disruption on Pre-PVP CT in which 37 vertebrae 
(54%) demonstrated fusion of disrupted cortex on Post- 
PVP CT.  

Furthermore, of the 101 vertebrae, 26 (26%) were 
identified with increased cancellous bone density and 11 
(11%) demonstrated intervertebral bridging. However 47 
vertebrae (47%) displayed PMMA leakage while new 
fractures were identified in 18 (38%) of 48 cases (Table 
4). 

4. Discussion 

To our knowledge, this is the first report describing post- 
PVP healing process of vertebral compression fractures 
with CT imaging as well as its accompanying spinal sta- 
bilization. 

As a matter of fact, Post-PVP CT imaging demon-
strated clear healing process findings containing cortical 
fusion, intervertebral bridging formation and increased 
cancellous bone density. However, no significant differ- 
ences between morphological changes, severity of verte- 
bral fracture could be obtained from pre- and post-PVP 
CT imaging analysis. From these evaluations, PVP 
proved to provide effective internal fixation to the frac- 
tured vertebrae and maintain spinal alignment stabiliza-
tion hence resulting in pain reduction. Albeit the lack of  
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Figure 6. Distribution patterns of morphology and severity of vertebral compression fracture regarding the Semiquantitative 
method. 
 
Table 3. CT findings of vertebral compression fracture and 
its number of vertebrae (%). 

Preoperation Postoperation 
CT findings 

Positive Better Worse No change

Cortical  
disruption 

68 (67.3) 37 (36.6) 18 (17.8) 46 (45.5)

Hyperdense 
cancellous bone 

68 (67.3) 26 (25.7) 18 (17.8) 59 (58.4)

Minimal spinal 
diameter (mm) 

11.1 ± 2.4 10.9 ± 2.6 

 
Table 4. Postoperative CT findings and its number of ver-
tebrae (%). 

Fingings of healing process  

Fusion of disrupted cortex 37 (36.6) 

Intervertebral bridging 11 (10.9) 

Increased density of cancellous bone 26 (25.7) 

Findings of complications  

Cement leakage 47 (46.5) 

New fracture 18 (37.5) 

 
significant improvement in Cobb angle [thoracic 
(T5-T12), thoracolumbar (T10-L2) and lumbar (T12-S1)], 
sagittal vertebral axis (spinal balance parameter) and 
pelvic tilt (spinopelvic parameter) (Table 2); it is note-
worthy to mention that among all CT studies, cortical 
fusion was most commonly observed and represented 
complete union of fractured vertebrae after PVP (Figure 
3(b)). 

The PVP cementing action creates an intervertebral 
bridging consisting of elongated spur formations that 
appear to enhance the biomechanical stability of the ver-
tebral unit including not only the treated vertebra in 
question but also the adjacent vertebrae (Figure 4(b)). 
Furthermore, CT studies of PVP-treated vertebrae dis-
played marked increased density within cancellous bone, 

most likely resulting from bony tissue reaction to PMMA 
which thereby, precipitate into a callus formation that 
would lead to the vertebral fracture fixation (Figure 5). 

In concordance with Braunstein et al. whom reported 
microscopic callus formations within woven bone sur-
rounding the injected PMMA in human osteoporotic 
VCF [15], we likewise detected post-PVP hyperdensities 
in cancellous bones in 26 vertebrae representing fracture 
healing. However, hyperdense cancellous formations 
were also detected in 68 pre-PVP vertebrae and may re- 
present normal healing process occurring within the zones 
of fracture. Although it has not been elucidated yet whe- 
ther PMMA actually fuses with human vertebrae [15-18], 
it appears to play a role as an inducing agent in the nor- 
mal process of fracture healing. Studies comparing the 
histomorphometry and CT findings of PMMA injected 
vertebrae with non-PMMA injected vertebrae are war- 
ranted in order to clarify and confirm with certainty this 
bony reaction. 

In addition, we evaluated the minimal spinal diameter 
within the sagittal spinal canal in order to assess the risk 
of neural complication from PVP. Indeed, intra-vertebral 
cement injection during PVP procedure has been re-
ported to cause spinal canal narrowing, thereof forming 
protruding bony fragments within the spinal canal which 
potentially may increase the risk of neurological deficits 
[19,20]. The authors of this study did not identify any 
significant changes in minimal spinal diameter on both 
pre- and post-PVP and assumed that the spinal canal 
narrowing held a low risk of neural complications (Fig- 
ure 2). 

In comparison to previous reports, contrarily to our 
expectations, this study exhibited, a noticeably high 
number of newly detected vertebral fractures upon fol-
low-up examinations. We attributed this prevalence to 
the fact that the newly diagnosed VCFs were detected 
with CT imaging in contradistinction with recent reports 
which identified post-PVP fractures utilizing radiographic 
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images [21,22]. CT imaging identifies with higher sensi- 
tivity and more accuracy the occurrence of newly devel- 
oped VCF that would not be detected otherwise [14]. 
PVP is recognized to improve local kyphosis [5,6] how- 
ever our study indicated no significant improvement in 
overall kyphosis or sagittal balance. Actually, it appears 
that the results of this present study rather demonstrated 
that progression of kyphosis may have possibly increased 
slightly during the follow-up period, presumably as ky- 
phosis, when left untreated, would follow its natural 
course and aggravate. 

Admittedly, kyphosis correction improves quality of 
life and SVA is a critical element known to improving 
health-related quality of life [23]. However our data did 
not show any improvement of SVA values. It has been 
reported that local kyphotic angle tend to worsen within 
2 years after deformity reduction [24,25]. It is therefore 
our contention that PVP may hold value only in correct-
ing local kyphosis by decreasing fracture mobility but 
may not decidedly contribute to the overall sagittal align- 
ment and PVP’s role may limit itself to the fixation of 
vertebral body fractures. 

After examining pre-and post-PVP stability of overall 
sagittal alignment and vertebral fracture union our results 
indicated that mechanical stabilization of the spine by 
internal fixation of fractured vertebrae appeared to be the 
dominant factor in pain reduction in post-PVP proce-
dures.  

Detailed analysis of the fracture healing process is of-
ten difficult to detect on MRI or spine radiographs, and 
more so during the early stage of the bone healing proc- 
ess, at a time when a definite evaluation of the imple- 
mented PVP is crucial to determine subsequent manage- 
ment procedures. To this effect, follow-up CT imaging 
can be a viable alternative although the risk of radiation 
associated with CT deserves judicious planning and cau- 
tion. 

Given the retrospective nature of this study, we ac-
knowledge that there are a number of inherent limitations, 
including the small sample size, lack of a control group 
as well as pathological investigation of bone healing. We 
initially aimed to define which imaging data pertained 
most relevantly to pre- and post-PVP in order to set the 
ground for future studies that would correlate such inves- 
tigation with clinical outcomes. In fact, a longer fol- 
low-up period and a clinical assessment addressing the 
degree of pain reduction and quality of life improvement 
could provide valuable insight regarding PVP treatment 
during VCF. A prospective analysis confirming these 
findings in future studies is warranted 

5. Conclusion 

In conclusion, percutaneous vertebroplasty in case of 
vertebral compression fracture does not significantly im- 

prove overall spinal sagittal alignment as previously re- 
ported with local kyphotic angle in radiographic imag- 
ing. However, CT investigations determined the presence 
of cortical fusion, inter-vertebral bridging formation and 
increased cancellous bone density. PVP appears to be in- 
volved in both mechanical stability and bone union of 
vertebral compression fractures. 
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