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Ab s t r Ac t 
Background: Osteoporosis is a global problem involving majority of elderly population. Vertebral compression fracture in this population leads 
to severe pain and decreased quality of life. Percutaneous vertebroplasty alleviates the pain, with a minimal invasive approach. The aim of our 
study was to analyze the technical considerations and complications of this surgery.
Materials and methods: Vertebroplasty was performed in 35 patients with male: female ratio 13:22 in the age group of 52–80 years. We used 
unipedicular needle insertion and injected 2–3 mL of high-viscosity polymethylmethacrylate in the fractured vertebral body. Visual analog 
score, Oswestry disability score, and Oswestry disability index were used to analyze functional outcome.
Results: Pain relief had a significant p value (<0.0001). Oswestry disability score and index showed a good improvement in the quality of life with 
a p value < 0.0001. The Beck index did not show a significant change postoperatively. Complications encountered were cement extravasation 
into venous pathway, cement extravasation into the soft tissue, cement extravasation into the needle tract, and adjacent vertebral fractures. 
No major complication was encountered.
Conclusion: Vertebroplasty provides better pain relief, improved function, and quality of life than conservative management. Use of an appropriate 
technique will improve the overall success rate of the procedure and minimize the complications.
Clinical significance: For patients with osteoporotic fractures who do not respond to conservative measures, vertebroplasty is a simple, effective, 
and minimally invasive procedure providing adequate pain relief and improving the quality of life.
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In t r o d u c t I o n 
Osteoporosis is a systemic bone disorder characterized by a 
reduction in bone mass. Vertebral compression fracture occurs in 
approximately 20% of individuals over 70 years of age.1 The fractures 
can result in persistent pain, inability to perform daily activities, and 
a marked decrease in the quality of life.2,3 Reduction of pain and 
stabilization of vertebrae are the goals of treatment in vertebral 
compression fracture.2,3 Percutaneous vertebroplasty is a minimally 
invasive method involving injection of polymethylmethacrylate 
(PMMA) into the vertebral body to stabilize the fracture.4 Pain 
relief is usually observed within first 72 hours after treatment.5,6 
There are concerns regarding procedural complications, which 
are mostly related to leakage of PMMA into adjacent structures, 
or injection into the vertebral venous plexus.7 Such venous leaks 
cause compression of the spinal cord or nerves or could also 
cause pulmonary embolism.5,8–10 The overall complication rate 
was reported to range from 1 to 10%, with a higher incidence of 
complication in cases with the metastatic lesion.8 Several other 
surgical methods of treatment include balloon kyphoplasty, 
vertebroplasty combined with pedicle screw stabilization (hybrid 
procedure), cement augmented pedicle screw stabilization, 
decompression, and stabilization. The aim of our study was to 
analyze the technical consideration of vertebroplasty surgery and 
the possible complication arising out of vertebroplasty surgery.

MAt e r I A l s A n d Me t h o d s 
Our study was an observational prospective study done from March 
2012 to December 2013 in a tertiary care center. There were a total 
of 40 patients involving 15 males and 25 females in the age group 

of 52–80 years. Two patients had associated injuries, which were 
managed simultaneously.

Inclusion criteria consisted of (1) painful osteoporotic vertebral 
fracture more than 1 month old, refractory to conservative 
treatment; (2) progressive kyphosis more than 20°; (3) intact 
posterior cortex; (4) Kummel’s disease; (5) malignant vertebral 
disease (metastasis/myeloma); and (6) vertebral hemangioma.
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Exclusion criteria consisted of (1) responding to conservative 
management, (2) infection, (3) coagulopathy, (4) posterior cortex 
breach, (5) cord compression, (6) neurological deficit, (7) vertebra 
plana; and (8) collapse more than 80%.

A detailed systemic screening was done to rule out any 
malignancies including myeloma and any other pulmonary 
and cardiac ailments. Local spine tenderness was elicited 
and neurological examination was performed to identify any 
neurological deficit. Visual analog score (VAS), Oswestry disability 
score, and Oswestry disability index were recorded preoperatively 
and postoperatively. Radiological investigation consisted of X-ray 
spine AP, lateral views, and CT scan of the spine. The CT scan 
provided information regarding level of fracture, type of fracture, 
posterior cortex breach, percentage of collapse, involvement 
of superior and inferior end plate, percentage of spinal canal 
compression, pedicle fracture, and morphology.

Operative Procedure
All 40 cases were operated under IV sedation and local anesthesia 
and cardiac and respiratory monitoring. The patient was positioned 
prone on a radiolucent table. Positioning was done without the 
use of bolsters but with adequate padding of bony and soft 
tissue prominences. The image intensifier was positioned such 
that true AP and lateral views could be obtained. Under C-arm 
image intensifier guidance a small incision was made just lateral 
and superior to the cutaneous pedicle location. A Cooks needle 
(11 gauge/15 cm length) was introduced into the superolateral 
border of the pedicle (10 o’clock for the left and 2 o’clock for 
the right pedicle). During advancement of the needle, once the 
needle touched the medial cortex (in AP view), a lateral view was 
taken to confirm the entry of the needle into the vertebral body 
at its posterior border. Then the needle was advanced with gentle 
tapping using a mallet, into the vertebral body (under lateral view 
monitoring) until it reached the junction of anterior and middle one-
third of the body. Vertebroplasty PMMA cement (Biomet) was mixed 
and loaded in 3-mL syringe. Once a toothpaste like consistency was 
seen (rat tailing) (Fig. 1), the cement was injected slowly into the 
vertebral body under AP and lateral monitoring using the C-arm 
image intensifier. During the process of injection, the needle was 
withdrawn until the junction of middle one-third and posterior one-
third of the vertebral body was reached. Once 2.5 mL of cement was 
injected, the syringe was removed and the trocar was introduced 
into the cannula to drive the cement in the cannula into the 

vertebral body. This was followed by gentle alternative clockwise 
and anticlockwise rotation of the needle with trocar in situ so that 
any continuity between the cement in the vertebral body and the 
needle tip will be broken (in the initial few cases, the cannula along 
with the cement within it was rotated clockwise and anticlockwise 
without introducing the trocar into the cannula). The patient was 
turned supine, once the cement was solidified.

Postoperative Protocol
Neurological examination was done and pain relief was assessed 
using VAS, Oswestry disability score, and index. Standard AP and 
lateral radiograph was taken to identify the extent of cement in the 
body, any extravasation into the vein, or adjacent structures and 
restoration of vertebral heights (Fig. 2).

Oral bisphosphonate was star ted along with other 
pharmacological agents like teriparatide and vitamin D 
supplementation if there was no contraindication to improve the 
overall bone quality. Care was taken to investigate the causes for 
recurrent falls and appropriate prevention methods were taken. The 
patient was mobilized from the first postoperative day without any 
brace support. The patient was followed up at 1-month, 3-month, 
6-month, and 1-year interval.

re s u lts 
In our study, 40 patients underwent vertebroplasty at various 
vertebral levels (Table 1). Since five patients were lost for follow-up, 
35 patients were considered for the statistical analysis. We had 
a minimal follow-up of 3 months and maximum follow-up of 18 
months, with mean follow-up of 8 months.

The statistical analysis was done using the “Wilcoxon signed-
rank test with continuity correction” for PAIRED DATA and the 
“Wilcoxon rank-sum test with continuity correction” for UNPAIRED 
DATA. The results were given in terms of the p value. The correlations 
were done using “linear regression,” and the results were described 
with adjusted R-squared statistic, F-statistic, and p value.

Preoperative scores, compared with postoperative scores at 
immediate, 1-month, 3-month, and 6-month postoperative had 
a p value < 0.0001 in all postoperative periods. This is statistically 
significant. Similarly, a significant reduction in analgesic uptake was  
observed. The patients without analgesics necessity increased  
from 0.5% (n = 2) preoperative to 85.7% (n = 30) at 6 months’ 
follow-up (p < 0.0001). The preoperative and postoperative 
Oswestry disability score and index at immediate, 1, 3, and 6 months 
showed a p value < 0.0001 in all postoperative periods.

We also observed that pain relief decreases as age increases 
(indicated by VAS), but the correlation was not statistically 
significant (p- 0.1266).

The average Beck index (anterior vertebral height/posterior 
vertebral height) was used to evaluate kyphosis. The preoperative 
Beck index was 0.83 and the immediate postoperative average Beck 
index was 0.84. This shows no significant increase in the vertebral 
height due to vertebroplasty.

Complications
The complications encountered with vertebroplasty mainly concern 
cement leakage. We observed minor cement extravasation into 
soft tissue anteriorly in one patient. Also, we had one patient with 
minor cement extravasation into the venous channel (Fig. 3) and 
two patients with “lollypop sign,” which is the extravasation of 
cement into the needle tract having continuity with the cement 
in the vertebral body (Fig. 4). These complications with regard to Fig. 1: Rat tailing of the cement indicating the ideal time for injection
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extravasation can be prevented by proper timing of the injection 
procedure, so as to not inject it during the early liquid phase. The 
lollypop sign can be prevented by introducing the stillette and 
waiting for the setting of cement till the time where it does not 
retain continuity when withdrawn.

Leakage of cement can be prevented by proper examination 
of posterior cortical and pedicular integrity on the preoperative CT 
imaging. We also encountered adjacent cranial vertebral fracture 
(Fig. 5) in one patient. This is one of the known complications due to 

Figs 2A to F: (A) Representative case preoperative X-ray lateral view showing D11 fracture; (B) Preoperative X-ray AP view; (C) Preoperative MRI; 
(D) Preoperative CT confirming no breach of posterior cortex or presence of any pedicle fracture; (E) Postoperative X-ray AP view showing good 
cement infiltration; (F) Postoperative X-ray lateral view showing adequate vertebral height restoration

Table 1: Demography of number of cases at various vertebral levels

Vertebral level n
D11 1
D12 14
L1 10
L2 8
L3 3
L4 3
L5 1
Total 40

Fig. 3: Cement extravasation into the surroundings venous channels

Fig. 4: “Lollypop sign” represented by solidification of cement in the 
needle tract (indicated by arrow)

Fig. 5: Fracture is noted in the adjacent cranial vertebra
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increased stiffness of the spine at the level of the adjacent segment. 
Prevention of adjacent vertebral fracture can be done by avoiding 
excessive cement filling (>2 mL) and avoiding injection of cement 
into disc space. One patient with multiple myeloma, who underwent 
vertebroplasty, did not have significant pain relief.

dI s c u s s I o n 
Galibert and Deramond performed the first vertebroplasty in 1984 
on a 54-year-old female patient with vertebral hemangioma of the 
C2 vertebra. After performing C2 laminectomy, the hemangioma 
was excised and vertebroplasty was done through the anterolateral 
approach. Subsequently, they performed vertebroplasty 
percutaneously in several patients and published their results in 
1987.11 This was named as the “Deramond technique.”

A meta-analysis by Yuan et al.12 indicates that overall 
percutaneous vertebroplasty and balloon kyphoplasty reduced 
pain and improved function and quality of life as compared with 
conservative treatment. In the same study, it was indicated that 
pain relief by vertebroplasty was greater than that of conservative 
management, whereas pain relief by kyphoplasty is similar to 
that of conservative management. Both procedures improved 
the functional outcome to a greater degree than conservative 
management. In our study also, there was reduction of pain and 
improvement of function and quality of life.

Balloon kyphoplasty seems to have better radiological outcome 
without, however, any clinical relevance.13 Balloon kyphoplasty 
has a longer operation time and higher material cost. Moreover, 
kyphoplasty provides less pain relief than vertebroplasty.12 Balloon 
kyphoplasty is specifically indicated for a recent (<7–10 days) 
vertebral fracture with a kyphotic angle >15°.14,15

Biomechanical studies demonstrated that cement filling of 
the vertebral body of 20% of vertebral body volume (2–4 mL) was 
accompanied by a 36% increase in the stiffness of the vertebral 
body. Cement injection of more than 20% vertebral body volume 
resulted in a significantly increased extravasation rate.16 The 
literature describes the extravasation rate with a wide range from 11 
to 36%. In our study, we have used 2–3 mL of high-viscosity PMMA 
and hence did not encounter any major extravasation. According to 
a recent update,17 the optimal volume of cement is still an ongoing 
area of research.18–20

In the VAPOUR study (the fixed double-blinded sham-controlled 
RCT to evaluate vertebroplasty exclusively in patients with vertebral 
compression fracture less than 6 weeks old), vertebroplasty resulted 
in a significantly improved general quality of life.21

In patients with multiple osteoporotic fractures, 68% fractures 
were at continuous levels, suggesting a strong trend toward 
“clustering” of fractures as part of natural history of osteoporosis.22 
Meta-analysis has not found a risk of adjacent vertebral fracture 
after vertebroplasty. However, cement transfer to the adjacent 
intervertebral disc was identified as a predictor for the occurrence 
of secondary fractures.23 So, most of the studies do not consider 
prophylactic vertebroplasty to be justifiable.

Extravasation of cement into the needle tract is sometimes 
encountered. This may be due to premature removal of the needle 
before the cement is completely hardened or because of hardening 
of the cement retained inside the cannula of the needle. The 
later complication can be avoided by pushing the cement in the 
cannula into the vertebral body with the trocar. We have named 
this complication as “lollypop sign” in our study.

The technique of needle insertion decides the success rate of 
vertebroplasty. This includes intrapedicular trajectory, placement 
of tip of the needle in the vertebral body during cement injection, 
and avoidance of the lollypop sign. A detailed description of the 
technique is available in the review article by Kallmes et al.24

co n c lu s I o n 
Vertebroplasty is a useful procedure to relieve pain and to 
improve function and quality of life in patients with osteoporotic 
vertebral fractures. All randomized controlled trials evaluating 
vertebroplasty found it to be superior to conservative treatment or 
placebo. Appropriate technical consideration including trajectory 
of the needle, use of high-viscosity PMMA, injection of cement not 
exceeding 3 mL, and selecting patients with painful osteoporotic 
fractures will result in a less complication rate and good functional 
outcome.

cl I n I c A l sI g n I f I c A n c e 
For patients with osteoporotic fractures who do not respond to 
conservative measures, vertebroplasty is a simple, effective, and 
minimally invasive procedure providing adequate pain relief and 
improving the quality of life. This is particularly useful in patients 
where pedicle screw stabilization may lead to increased morbidity 
due to the procedure itself and complications like screw pull out.
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