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Osteoporosis is a major health concern in Canada, affecting 25% of women and 12% of men.
Vertebral compression fractures, the most common of all osteoporotic fractures, are clinically
diagnosed only 30% of the time. Treatment for such fractures is primarily pharmacological.
However, newer, non-invasive methods of treatment, namely vertebroplasty and kyphoplasty,
stabilize compression fractures, provide pain relief and even improve posture and functional
ability. While vertebroplasty involves the injection of a cement product into one or more com-
pressed vertebrae, kyphoplasty adds another step of inserting a balloon into the vertebra to
re-establish original vertebral height. Clinical studies of these procedures suggest kyphoplasty
provides better symptomatic relief and is associated with fewer complications than vertebro-
plasty. However, further randomized, controlled evidence comparing these procedures is required.
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Introduction

It is estimated that 25% of Canadian
women and 12% of Canadian men have
osteoporosis.! With approximately one-
quarter of the population reaching 65
years of age and older in the next 35 to 40
years, the prevalence of osteoporosis will
only continue to significantly increase.2
It has been said that vertebral body
compression fractures are the most com-
monly experienced consequence of osteo-
porosis.3 However, because the diagnosis
of vertebral compression fractures relies
on patients reporting back pain severe
enough to elicit a radiograph, it is esti-
mated that only 30% of compression frac-
tures are actually clinically diagnosed.# Of
those presenting with a clinical vertebral
fracture, approximately 75% suffer from
chronic pain.>® Between the ages of 50 and
54 years, the prevalence of radiographi-
cally-identified vertebral deformities is
approximately 5%, increasing to 50% in
individuals between 80 and 84 years of

age.” Canadian data suggest that the
prevalence of vertebral deformity in men
is approximately one in five, while in
women it is nearly one in four. The treat-
ment regimen of vertebral compression
fractures traditionally has involved the
management of the clinical consequences
of fractures in addition to the provision of
physical rehabilitation and prevention of
subsequent fractures. However, newly
developed, minimally invasive tech-
niques referred to as vertebroplasty and
kyphoplasty not only stabilize com-
pressed vertebra, but also provide signif-
icant pain relief and improve the
functional abilities of people with these
painful, debilitating fractures. This paper
will review these procedures, as well as
the results and complications of these
treatments observed in clinical studies.

Management of Vertebral
Fractures

Osteoporotic vertebral compression frac-
tures can be a significant burden to both

patients and their families in terms of
direct physical pain and disability and
associated complications (Table 1). In addi-
tion to relieving the symptoms of these
fractures, acute therapy usually involves
initiation of medication for osteoporosis
and physiotherapy. Chronic pain, depres-
sion, loss of sleep and loss of independ-
ence can result directly from vertebral
compression fractures, and medications
associated with these consequences may
lead to further mood or mental alterations
that can exacerbate the underlying prob-
lem.® Evidence from randomized con-
trolled trials suggests that future fracture
risk can be reduced by 40-50% with the
use of pharmacological treatments.10
Howvever, such medications are usually
geared towards the long-term manage-
ment of osteoporosis and often can take
up to one year to achieve efficacy, during
which time other fractures can occur.™! In
addition, these agents do not deal with
symptoms associated with vertebral frac-
tures. This suggests there is an important
place for the treatment of vertebral com-
pression fractures that provides patients
with pain relief combined with the oppor-
tunity to improve functional capabilities.
The new, minimally invasive vertebro-
plasty and kyphoplasty procedures may
be ideal management techniques that can
potentially accomplish both these goals.

Vertebroplasty and Kyphoplasty

Initially developed in France in the mid-
1980s, vertebroplasty was performed in
patients with pathological fractures due to
malignancy. Since then, this procedure
gradually has been adopted as a treatment
for osteoporotic compression fractures,
and it was first used for this indication in
North America in the mid-1990s.! Usual-
ly performed under local anesthesia with
the assistance of fluoroscopy, vertebro-
plasty involves the percutaneous
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Future Risks

Future fractures

Table 1 _

Clinical Consequences of Vertebral Fractures?®
Symptoms Signs Function
Back pain (acute, chronic) Height loss Impaired activities of daily living
Sleep disturbance Kyphosis (e.9., bathing, dressing)

Anxiety

Depression

Reduced self-esteem

Fear of future fracture & falling
Reduced quality of life

Early satiety

Reduced lumbar lordosis

Reduced lung function

Mortality

Difficulty fitting clothes due to

kyphosis, protuberant abdomen

Protuberant abdomen

Difficulty bending, lifting,

Weight loss

descending stairs, cooking

transpedicular (preferred method) or
extrapedicular injection of bone cement or
polymethylmethacrylate (PMMA) into
one or more sites of vertebral body frac-
tures.3%11 Using one or two bone biopsy
needles guided to the correct location so as
to ensure the needles are not in line with
an exiting vein, 1-4mL of PMMA (low vis-
cosity) per side is injected into the cancel-
lous bone matrix under high pressure.
Vertebroplasty has the potential to stabi-
lize the spine while increasing mobility
and decreasing fracture-associated pain.
However, despite the high pressure under
which the bone cement is injected, verte-
broplasty does not have potential to cor-
rect either spinal compression deformity
or kyphosis associated with morbidity. 21

Kyphoplasty, a modified version of
vertebroplasty, has been used in the Unit-
ed States only for the past five years since
FDA approval of the inflatable bone tamp
in 1998.° The differences between this

Table 2

procedure and vertebroplasty are pre-
sented in Table 2.

During kyphoplasty, one or two bal-
loons or bone tamps are transpedicularly
inserted into the vertebral body under
image guidance (Figure 1, page 50). Gen-
tly and carefully, the balloon is inflated
with the use of a radiocontrast medium
for visualization, thereby compressing the
cancellous bone and re-expanding the end-
plates of the body without lateral or
posterior displacement of the fractured
vertebrae.® The working cavity created by
the balloon is then injected with 2-6mL
(per side) of viscous PMMA under low
pressure via a cannula.® This procedure has
had a significant amount of success both in
providing immediate pain relief and in
restoring vertebral structure that was ini-
tially altered by compression fractures.31

Following both vertebroplasty and
kyphoplasty, patients remain supine for
approximately 1-2 hours, allowing time

Differences Between Vertebroplasty and Kyphoplasty

Vertebroplasty

Cement injected under higher pressure
(cement is less viscous)

No potential to correct vertebral
deformity

No bone tamp involved

Greater potential risk of extravasation
of cement

Kyphoplasty

Cement injected under lower pressure
(cement is more viscous)

Greater potential to reverse vertebral
deformity

Bone tamp used to increase space for cement

Limited potential risk of extravasation of
cement

for the PMMA to solidify. In most cases,
patients are discharged a few hours fol-
lowing the procedure, while those with
possible neurologic complications or
uncontrolled pain, or who are otherwise
unstable, are required to stay overnight
in hospital 3

Risks and Benefits

It appears that the best candidates for ver-
tebroplasty and kyphoplasty are those
who have focal, intense back pain and
who have radiographically defined new
or progressive compression fractures that
are confirmed upon physical examina-
tion. The procedure is contraindicated in
individuals who have complete loss of
vertebral body height, pressure of bone
fragments on the spinal cord, fracture
through or destruction of the posterior
vertebral wall, coagulation disorders or
osteoblastic metastases.?

Although the best and most effective
time for intervention has not yet been
determined, most studies have involved
patients who had failed to experience
pain relief after several weeks or months
of conventional medical manage-
ment.312.13 |t has been suggested that the
probability of improvement in symptoms
and functional ability may decrease pro-
gressively over time, with a low likeli-
hood of positive results occurring in
fractures that occurred six months or
more before the intervention.3

To date, no randomized controlled
trials have been published that compare
vertebroplasty to kyphoplasty, or either
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to medical management alone. Howev-
er, retrospective and prospective studies
have been conducted on each of the pro-
cedures, and overall data show that
patients experience significant pain relief
following both procedures. In addition,
kyphoplasty studies demonstrate signif-
icant improvements in reducing kypho-
sis and improving vertebral body height.
There are, however, risks associated with
both types of procedures.

Vertebroplasty

Itis evident from published studies on ver-
tebroplasty that patients who undergo the
procedure generally experience significant
back pain relief almost immediately fol-
lowing completion of the procedure. Table
3 highlights three such studies, the results
of which are confirmed in other studies not
discussed here.1*15 Although significant
pain relief is observed in these patients,
vertebroplasty does not address the ver-

Table 3

tebral deformity or kyphosis in many of
these cases. In addition, despite the posi-
tive results in symptomatic relief, there are
risks associated with vertebroplasty, par-
ticularly those involving the foraminal or
epidural leakage of the cement used in the
procedure 311 While such leaks were
reported in fewer than 10% of cases,
radiculopathy and cord compression also
have been observed in this procedure,
although at very low incidences.1® Cases of
pulmonary emboli also are potential con-
sequences of vertebroplasty, although
these have been observed more frequent-
ly in patients undergoing vertebroplasty
for the treatment of malignant spinal
tumours than for osteoporotic compres-
sion fractures.t’

Kyphoplasty

Evidence from kyphoplasty studies sug-
gests that it is a well-tolerated procedure
for the indication of painful vertebral

Kyphoplasty and Vertebroplasty

compression fractures. In addition to pro-
viding significant pain relief (most stud-
ies report = 90% relief almost immediately
following the procedure), kyphoplasty
also significantly improves vertebral body
height, decreases kyphosis and improves
patient function and mobility (Table 4).
The risks of the procedure appear to be
less frequent and less severe than those
observed with vertebroplasty. This may
be at least partially attributed to the lower
pressure under which the cement is inject-
ed into the vertebral body and the high-
er viscosity of the cement itself.13

Caution

It should be noted that in October 2002, the
FDA issued a report regarding complica-
tions related specifically to the leakage of
bone cement that had occurred during ver-
tebroplasty and kyphoplasty procedures.
The FDA notification stated that it was
working together with manufacturers and

Summary of Results from Vertebroplasty Studies*

N Mean
Mean age follow-up
(range) (range)
Barr et al.1® n=38 18 months
ages not (2-42)
reported
Grados et al?®  n=25 48 months
66 years (12-84)
(48-78)
McGraw et al2! n=100 21.5 months
73.7 years (6-44)
(37-91)

Results

— 95% of patients had moderate (32%)
to complete (63%) pain relief

— Focal pain reduced approximately
50% one-month post-treatment

— Long-term results similar to
one-month results

— 97% had significant pain relief
24 hours post-treatment

— 93% had significant pain relief during
follow-up

— 93% improved ambulatory ability

— 91% reduced amount of daily
medications

Consequences

— One case of nerve root and foraminal

compromise two years post-treatment

— One case of new fracture 10 days post-

vertebroplasty, patient treated with pain
relief (initial fracture secondary to oral
steroid treatment)

— During follow-up, 52% of patients had > 1

new fracture

— Patients were 2.27 times more likely to have

vertebral fracture in vicinity of cemented
vertebra vs. 1.44 times in uncemented
vicinity

— One case of sternal fracture before treatment
— One case of transient radiculopathy from

treated lumbar body

* These studies did not provide data on types or amounts of osteoporotic medications patients may have been taking prior to and/or after the procedures.
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Figure 1: The Kyphoplasty Procedure for Treatment of
Osteoporotic Vertebral Compression Fractures
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professional organizations to evaluate the
safety and efficacy of the cement products
currently in use. In addition, it encouraged
physicians to be aware of the recommen-
dations and considerations that should be
made regarding patient selection, tech-
niques, complications and patient moni-
toring for these procedures.18

Conclusions

Vertebroplasty and kyphoplasty are
effective methods of stabilizing osteo-

porotic compression fractures and
managing the associated back pain.
Kyphoplasty provides additional ben-
efits through the insertion of a balloon
tamp which re-establishes vertebral
body height and decreases kyphosis.
Studies involving kyphoplasty also
suggest that it results in fewer, less
severe side effects compared to verte-
broplasty. However, until randomized
controlled trials of these procedures are
published and the safety of the cement

products used in these procedures is
re-evaluated, reported research should
be reviewed with caution. When con-
sidering these treatments for a patient
with vertebral compression fractures,
it is important for physicians to obtain
all pertinent information regarding the
complication rate and long-term fol-
low-up at local centres where the pro-
cedure will take place. O
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Table 4

Summary of Results from Kyphoplasty Studies*

N Mean Results Consequences
Mean age follow-up
(range)
Theodorou et al.13 n=15 6-8 months  —100% experienced dramatic — None reported

75 years pain relief post-treatment — Cases of chronic obstructive lung disease

(41-86) — Vertebral body height improved
improvement to average of 90% — 3/15 patients returned for kyphoplasty
normal height (average increase in subsequent vertebral fractures

of 13% height)
— Kyphosis improved by 62%

Garfin et al.10 n=340 < 18 months —90% symptomatic and functional — Four cases of complications related to needle
ages not improvement rate insertion, not balloon tamps
reported — Vertebral body height

improvement to average of 90%
normal height (average increase
of 16% height)

Lieberman et al.12 n=30 6.7 months  —100% reported pain relief — At follow-up, no injuries to spinal or
68.6 years post-treatment extraspinal tissues
(48-86) — 35% increase in vertebral body height — Two cases of rib fractures related to
— Kyphosis improved by 15% positioning
— Physical function, vitality, mental — One case perioperative pulmonary edema
health, social functioning and myocardial infarction secondary to
improved significantly intraoperative fluid overload

* These studies did not provide data on types or amounts of osteoporotic medications patients may have been taking prior to and/or after the procedures.
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