
Minimally Invasive Treatment of Osteoporotic Vertebral
Compression Fracture

Lih-Huei Chen, MD; Chi-Chien Niu, MD;  Shang-Won Yu, MD; Tsai-Sheng Fu, MD; 
Po-Liang Lai, MD; Wen-Jer Chen, MD

Background: The use of percutaneous vertebroplasty (PV) to treat osteoporotic vertebral
fractures is increasing. This investigation assesses the efficacy and safety of
PV for refractory pain owing to osteoporotic vertebral compression fractures.

Methods: A retrospective investigation of PV was conducted with a minimal of 1 year
follow up. PV with polymethylmethacrylate (PMMA) was performed on 75
patients with osteoporotic vertebral compression fractures that responded
poorly to the conservative therapy.  Patients were asked to quantify their
degree of pain using Huskisson’s visual analogue scale to assess the clinical
results.

Results: Eighty-seven vertebrae treated using PV in 70 patients were evaluated with a
minimal of 1 year follow up. Pain, as assessed on the VAS, decreased from
80 16 mm before PV to 36 28 mm at 1 month after PV and 30 19 mm
at the most recent follow up. The reduction in pain from the baseline to 1
month ( p = 0.031) and to final follow up ( p = 0.023) were both statistically
significant. Sixty-two patients (85.5%) quickly returned to their pre-injury
activity level and achieved better quality of life. 

Conclusions: PV is effective in pain reduction for painful vertebral compression fractures.
It provided significant pain relief. Skillful techniques and careful safeguards
can minimize the risks of PMMA migration.
(Chang Gung Med J 2004;27:261-7)
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Vertebral compression fracture is the most com-
mon complication of osteoporosis.  Vertebral

fractures may result in persistent severe pain, limited
mobility and significantly impact the quality of life.
Conservative therapy using external bracing, bed rest
and analgesic are necessary for pain control in these
patients.  However, some patients may experience
protracted or ongoing pain even with these
measures.(1)

Augmentation of vertebral compression fracture

with polymethylmethacrylate (PMMA), percuta-
neous vertebroplasty (PV) was first described by
Galibert in 1987 for vertebral hemangiomas.(2)

Recently, this new method was introduced as a thera-
peutic alternative for treating other pathological enti-
ties, such as vertebral metastases, myelomas, and
osteoporotic compression fractures.(3-7)

We began to treat osteoporotic compression
fractures with PV in March 2001.  The current study
presents the therapeutic technique, complications,
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and treatment outcomes as well as reviews of the rel-
evant literatures.

METHODS

Patients with definite evidence of a recent verte-
bral compression fracture along with severe back
pain and failed to receive management using conser-
vative treatment were recruited.  The pain frequently
radiated along the ribs to the chest or abdomen.
Neurological evaluations were performed to assess
possible radioculopathy.  Radiological evaluations
included plain radiography and magnetic resonance
image (MRI) of the spine.  Exclusion criteria includ-
ed coagulopathy, infection, evidence of radiculopa-
thy from a retropulsed bone, and pain unrelated to
the compression fracture.  The surgical procedures,
indications, benefits, risks, and possible complica-
tions of PV were explained to the patients and their
families.

Surgical technique  
At first, the procedure was performed with the

patient under general anesthesia.  However, as the
technique evolved and our experience increased, we

began to employ local anesthesia and conscious
sedation.  The anesthesiologist constantly monitored
the patient’s clinical status including blood pressure,
EKG, and oxygen saturation.  Intravenous neurolep-
tic anesthesia using small doses of narcotic (fen-
tanyl) may be required for some patients.  The
patient was put in prone position.  The skin was pre-
pared and draped in standard aseptic fashion.  The
fracture level was visualized fluroscopically and the
needle entry site overlying its pedicles was localized.
A small skin incision was made over the center of
the pedicle using an 11 # scalpel blade.  A 10-gauge
bone biopsy needle (Stryker Instrument, Kalamazoo,
Mich, USA) was positioned with its tip at the center
of the pedicle and advanced until the stylet tip
abutted the bone.  Under biplane fluoroscopic guid-
ance, the needle was advanced with a mallet through
the mid-portion of the pedicle and into the collapsed
vertebral body.  The needle placement clearly
required frequent checking using a fluroscope to
ensure maintenance of its optimal location.  The nee-
dle tip ultimately advanced to reach the anterior third
of the fractured vertebral body.

The PMMA cement was prepared once the nee-
dle placement was satisfactory.  Twenty grams of the

Fig. 1 (A) and (B) Lateral view of plain X ray and MRI showed T12 vertebral compression fracture with nonunion (C) PMMA
cement in the vertebral body after vertebroplasty
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PMMA polymer powder was used with 3 additional
grams of barium sulfate for adequate fluroscopic
monitoring during delivery.  The cement mixture was
allowed to polymerize at room temperature until it
had a paste-like consistency necessary for controlled
injection.  The mixture was transferred to a 10-ml
plastic syringe.  Using a special screw syringe com-
pressor, the PMMA in the 10-ml plastic syringe
could be slowly and steadily applied.  Continuous
fluoroscopic monitoring during injection prevented
overfilling or extension into the spinal canal or neur-
al foramen.  Injection was stopped when the cement
occupied the posterior one-third of the vertebral
body, or if epidural venous filling was suggested.
When sufficient PMMA crossed the midline of the
vertebral body, the opposite pedicle did not require
exploration.  However, when filling did not occur
across the midline, then the contralateral pedicle was
localized and the procedure was repeated.  Upon the
completion of the PV, the needle was removed and
hemostasis at the puncture site was achieved by the
applying gentle pressure to the wound.  After the
procedure, the patient ambulated with a thoracolum-
bar brace support and was discharged within 24
hours of the procedure.  Clinical follow-up examina-
tions involved a spinal X-ray evaluation (Fig. 1) and
a questionnaire to assess pain and mobility.  Surgical
results were assessed by asking patients to quantify
their degree of pain on Huskisson's visual analogue
scale (VAS: 0 mm=no pain; 100 mm=the most pain
possible) on three separate occasions: before PV, 1
month after PV, and at final follow-up after PV.  The
group's VAS values were compared using the
Wilcoxon signed rank non-parametric test. The
patients were also asked to compare their ambulatory
status, the ability to sleep comfortably, and analgesic
requirements before and after PV.  After PV, they
selected one of three possible responses for each
including significantly improved, worse, or approxi-
mately the same.  As an overall assessment of well
being, patients were asked whether they thought that
the procedure had significantly enhanced their quali-
ty of life.

RESULTS

Seventy-five patients were treated using PV dur-
ing a 15-month period.  Five cases did not finish at
least 1 year of follow up.  One case died of cancer,

two cases suffered from cardiovascular accident and
two cases were lost to follow up.  Thus, 87 vertebrae
(45 lumbar, 42 thoracic) treated using PV in 70
patients (62 women, 8 men), with at least 1 year of
follow up were available for evaluation.  The ages of
these patents ranged from 62 to 91 years (mean, 70.2
years).  All of the patients with osteoporotic com-
pression fractures suffered from disabling pain that
limited their mobility and substantially altered their
quality of life.  The mean duration of symptoms was
8 months (range, 2.5 to 20 months) and symptomatic
levels were identified using correlated the clinical
data with spinal MRI findings in these patients. 

The fractured vertebrae extended from T6 to L4,
and were predominantly located around the thora-
columbar junction.  The most common fracture site
was T12.  The quantity of PMMA injected per verte-
bral body varied from 2.5 to 13 milliliters.  The vol-
ume depended on the level of the fracture site and
the severity of the compression fracture.  Sixty-eight
vertebrae (80%) in this study were treated via uni-
pedicular puncture.

The patients were asked to quantify their degree
of pain on the Huskisson's visual analogue scale
(VAS; 0 mm= no pain, 100 mm=most pain possible)
before PV, on the first day after PV, 1 month after PV
and at the time of the study.  Pain scale decreased
from 80 16 mm at the baseline to 38 24 mm on
the first day after PV, 36 28 mm at 1 month after
PV, and 30 19 mm at the final follow-up.  The
reductions in pain from the baseline to 1 month
( p = 0.031) after PV and at the final follow up
( p = 0.023) were both statistically significant.
However, no statistical differences existed between
the degree of pain at 1 month after PV and at the
final follow up.  Six (8.6%) patients had no signifi-
cant pain relief, but no patient reported worsening of
pain post-operatively.  Sixty-two cases (85.5%)
quickly returned to their pre-injury activity level and
achieved improved life quality.

Complications 
For 32 vertebra (37.6%), radiographs revealed

evidence of PMMA leakage through the end plate
fracture site into either the disc space or paraverte-
bral space, without evidence of clinical symptoms
except for one patient that required surgical decom-
pression (Fig. 2).  Cement embolism was demon-
strated on the chest radiograph of one patient with
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mild cough symptoms but no dyspnea occurred, and
cough had subsided after symptomatic treatment. Ten
patients developed adjacent fracture at the proximal
vertebra. Four of these patients required further ver-
tebroplasty to treat back pain after the failure of con-
servative therapy. 

DISCUSSION

PV is a new procedure with the percutaneous
injection of PMMA into a fractured vertebral body.
It provides pain relief and bone strengthening of
weakened vertebral bodies.  PV is effective in treat-
ing aggressive hemangiomas, bone metastases, and
multiple myeloma with fast and significant pain
relief.  Due to large number of benefits, vertebroplas-
ty has been proposed for use in treating vertebral
compression fractures.  The European experience
declared 90 to 100% of pain relief.(4-11)

The mechanism of PMMA injection with pain
relief is not understood.  Several hypotheses have
been suggested.  The mechanical, vascular, chemical,
and thermal effects of cement might account for the
destruction of nerve endings.  Stabilization of
microfractures and the reduction in mechanical stress

may also play a role.(4,8,9) In the present study, the
patients' symptoms were significantly improved.
Vertebroplasty had a favorable influence on the
patients' quality of life.

Patients with osteoporotic vertebral compression
fractures and spinal kyphotic deformity have reduced
pulmonary function (forced vital capacity and forced
expiratory volume).  Pulmonary function is most
commonly compromised with thoracic fractures, but
also can be compromised with lumbar fractures.(12)

General anesthesia with endotracheal tube may
increase numerous co-morbid conditions in these
elderly patients.  Consequently, PV under local anes-
thesia should be considered.  A conscious patient
allows for the neurological monitoring during the
PV.  Almost all the patients in this series tolerated the
procedure well under local anesthesia with or with-
out conscious sedation. 

The unipedicle approach is the preferred method
for several reasons.  It requires less time, and it is
simple.  Thus, the risk of complications is reduced.
Biomechanical studies on cadavers have shown that
PMMA immediately improves the vertebral body
strength regardless of single or bilateral pedicle
injection.(13) Biomechanical studies also suggested

Fig. 2 (A) Lateral view of L1 compression fracture for 5 months after minor trauma (B) and (C)  Arrows showed PMMA cement
leakage on plain X-ray and CT after vertebroplasty
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Adjacent fractures after percutaneous vertebro-
plasty are commonly reported.  Grados reported a
slight but significantly increased risk of vertebral
fracture in the vicinity of a cemented vertebrae com-
pared with an uncemented one.(17) Increased stiffness
of the cement-augmented vertebrae alters the biome-
chanics of the load transfer to the adjacent verte-
brae.(26) a stress- riser effect and significant disparity
in biomechanical properties between the two
involved vertebral bodies may cause the early failure
of the adjacent non-augmented level.  

In conclusion, PV is an effective procedure for
painful osteoporotic compression fractures.  It pro-
vided significant pain relief.  However, significant
complications can occur and they are likely underre-
ported.  Skillful techniques and careful safeguards
can minimize the risks of PMMA migration.
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