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A Treatment for Osteoporotic Vertebral

Compression Fractures

Jim Hanna © Marilo Letizia

Patients experience more than 700,000 osteoporotic verte-
bral compression fractures each year in the United States,
primarily because of bone brittleness and the inability of the
vertebrae to resist increased forces applied to it. Patients diag-
nosed with this type of fracture are given the option of con-
servative or operative treatment approaches. Although a typi-
cal compression fracture generally heals in 6 to 12 weeks,
patients may be offered the kyphoplasty procedure, which
reduces the fracture and stabilizes it with cement. Although
this procedure is not without risk, it is deemed a safe and
effective treatment option. This article reviews the indications,
implications, and care provided to patients pursuing kypho-
plasty after osteoporotic vertebral compression fracture.

steoporosis affects approximately 10 million
people in the United States; risk factors for this
disease are well known (Shen & Kim, 2006).
Demographically, the lifetime incidence of bone
fragility fractures secondary to osteoporosis in females
over the age of 50 is 1:2, compared to 1:4 in males (Shen
& Kim, 2006). The most common type of osteoporotic
fracture is a vertebral compression fracture (VCF), with
patients experiencing more than 700,000 per year in the
United States alone (Gross, 2002). The incidence of VCF
increases with age; the compression fracture rate of fe-
males between the ages of 50 and 54 is 5.8 per 1,000 per-
sons, compared to 26.1 per 1,000 persons between the
ages of 75 and 79 (Shen & Kim, 2006). Direct and indirect
costs for the diagnosis and treatment of VCFs for 2002
were 17 billion dollars, with projected costs for 2030 at
greater than 60 billion dollars (Lemke, 2005). Patients
with VCF experience a 15% greater mortality rate than
those with other fractures and also have greater amounts
of pain and loss of independence (Old & Calvert, 2004).
Nonmodifiable and modifiable risk factors for VCFs
are similar to those of osteoporosis. Nonmodifiable risk
factors include advanced age, female gender, Caucasian
race, susceptibility to falling, history of dementia, and
history of fractures in adulthood (Old & Calvert, 2004).
Modifiable risk factors include moderate to heavy alco-
hol intake, dietary calcium and/or vitamin D deficiency,
sedentary lifestyle, low body weight, and being in a phys-
ically abusive situation (Erickson, Baker, & Smith, 2003).

Prevention

Clearly, a crucial focus in the discussion of osteoporotic
VCFs is prevention. Preventive efforts include inter-
ventions that lessen bone fragility, as well as interven-
tions that decrease injuries leading to fracture. Bone den-
sity testing is recommended for all women over the age
of 65 and men over the age of 70 to identify bone health
and risk for fracture (Lemke, 2005). Nonpharmacologic
approaches for all people in both the prevention and the
treatment of osteoporosis include an adequate intake of
calcium and vitamin D, along with consistent weight-
bearing exercise. Pharmacologic options include the fol-
lowing classifications of medications. Biphosphonates
are potent inhibitors of bone resorption; these medica-
tions reduce the recruitment and activity of osteoclasts.
Calcitonin, a hormone naturally secreted by the parathy-
roid gland, also suppresses osteoclastic activity. Forteo,
a synthetic parathyroid hormone, increases bone resorp-
tion and decreases bone loss. Selective estrogen receptor
modulators (SERMs) increase bone marrow density and
decrease fracture risk.

Fall prevention involves numerous initiatives, includ-
ing (1) eliminating hazards in the environment that con-
tribute to falls; (2) assessing patients’ functional capac-
ity; (3) reviewing medications, including those that affect
blood pressure and the central nervous system; and
(4) recognizing preexisting medical conditions associ-
ated with an increased risk of fall and fracture, such as
Parkinson, Alzheimer, stroke, and neuropathy (Binkley
& Kreuger, 2005).

Anatomy and Physiology of Bone

The two types of bone in the human vertebra are cortical
bone and cancellous bone. Cortical bone occupies the
outer aspect of the bone, with approximately 80% of total
bone mass. Cancellous bone occupies the inner aspect of
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the bone, comprising the additional 20% of bone mass.
The cancellous bone provides the architectural and struc-
tural components of the vertebra.

Bone remodeling is the normal process of osteoclastic
(breaking down) and osteoblastic (building up) activity;
10-20% of the normal adult skeleton is remodeled on a
yearly basis (Lemke, 2005). In osteoporosis, bone loss
occurs because there is an increase in osteoclastic activ-
ity or a decrease in osteoblastic activity. This bone loss
decreases the overall integrity of the vertebral body by
diminishing the density of the central cancellous bone
(Lemke, 2005). Also, as a person ages, there is a reduc-
tion in the cushioning properties of the vertebral discs
because of degeneration. This reduction results in an un-
even spread of loads that are placed on the spine among
the vertebral endplates. The combination of bone loss
and disc degeneration in older adults weakens the spinal
column, leading to postural deformities. Forward trans-
lation of the cephalad part of the spinal column re-
sults in an increase in the load placed on the thora-
columbar portion of the column; this inherently makes
the area more susceptible to compression fracture
(Rao & Singrakhia, 2003).

Vertebral compression fractures can occur when
weight placed on the spine exceeds the ability of the bone
within the vertebral body to support it; such is the case in
a traumatic fall (Old & Covert, 2004). However, in cases
of severe osteoporosis, compression fractures can occur
with simple movements, such as stepping out of a bath-
tub, sneezing, or lifting a heavy object (Old & Covert,
2004).

Symptoms and Complications of
Vertebral Compression Fractures

Vertebral compression fractures can occur insidiously,
producing modest back pain; such fractures can also re-
sult in severe pain (Kasperk et al., 2005). Over time, mul-
tiple fractures cause a significant loss of height, resulting
in the shortening of paraspinal musculature that then
causes pain from muscle fatigue (Old & Covert, 2004).
Once vertebral height is lost, patients develop thoracic
kyphosis and lumbar lordosis; the rib cage presses down
on the pelvis, reducing thoracic and abdominal space.
Impaired pulmonary function can result when reduction
of the pulmonary cavity limits lung expansion (Gross,
2002). The abdomen becomes protuberant, resulting in
compressed abdominal organs and weight loss (Lemke,
2005). In addition to the changes listed, complications of
VCFs occur because of resultant immobility; deep vein
thrombosis (DVT), pulmonary emboli, and pneumonia
are significant problems in this population (Predey,
Sewall, & Smith, 2002). The psychosocial effects of VCF
may be overlooked; in particular, patients are at risk of
developing depression both because of a lack of indepen-
dence and physical disfigurement (Predey et al., 2002).

Diagnosis and Treatment of
Vertebral Compression Fracture

Providers are encouraged to consider the diagnosis of
VCF in the differential diagnosis of any patient over the
age of 50 who presents with back pain after an acute in-
jury. Plain frontal and lateral x-rays are the initial recom-
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mended diagnostic tests; these views may demonstrate
wedge-shaped vertebrae and narrowing of the anterior
portion of the vertebrae, which are classic signs of com-
pression fracture (Neuner, Zimmer, & Hamel, 2003).
Figure 1 provides an x-ray image of a VCF; Figure 2 pro-
vides an accompanying drawing of such a fracture. A
computed tomography (CT) may be ordered when the
resolution of a plain film is suboptimal (Old & Calvert,
2004). Magnetic resonance imaging (MRI) is better able
to determine the age of the fracture and also demon-
strate cord compression from the VCF (Gross, 2002).
Bone scans can detect sacral insufficiency fractures that
may not be visible on a plain radiograph; bone scans
also differentiate between acute and healed fractures
(Gross, 2002).

VCFs generally heal with conservative treatment in 6
to 12 weeks (Old & Calvert, 2004). However, pain often
occurs because of the movement of the fracture frag-
ments. Such pain can be relieved by diminishing the load
on the spine; this is generally accomplished by placing
the patient in a supine position (Old & Calvert, 2004).
In patients who elect a nonsurgical conservative treat-
ment approach, pain is managed with nonsteroidal
antiinflammatory drugs (NSAIDS), opioids, muscle re-
laxants, bed rest, and orthotic bracing (Lemke, 2005);
physical therapy is often also included in the plan of care.
Risks associated with a conservative approach include
adverse effects of pain medication, greater bone loss from
bed rest worsening the existing osteoporotic changes, and
other known complications of immobility (Machinis,
Fountas, Feltes, Johnston, & Robinson, 2006). Orthotic
bracing, which must be worn until the fracture heals,
may add to general discomfort and may also restrict

FIGUre 1. X-ray of vertebral compression fracture.
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FiGure 2. Drawing of vertebral compression fracture.

diaphragm movement, leading to other complications
(Machinis et al., 2006). Of note, conservative manage-
ment of patients with VCF is unsuccessful in 15% to 20%
of patients (Shen & Kim, 2006) because of inability to tol-
erate the pain and prolonged bedrest, or because of radi-
ologic evidence of deterioration of fracture fragments
(Kessenich, 2006).

Kyphoplasty is an operative procedure that has re-
cently gained great attention in the treatment of acute
VCEF; it is also useful in correcting severe and progres-
sive kyphosis from old compression fractures (Manson
& Phillips, 2006). This procedure was developed by Dr.
Mark Reiley in the early 1990s as an improvement on the
vertebroplasty procedure (Shen & Kim, 2006). By the end
of 2005, kyphoplasty was performed on 170,000 patients
in the United States (Lewiecki, 2006). Under fluoroscopy
and using a percutaneous approach, the surgeon reduces
the vertebral fragments with a balloon tamp device and
then stabilizes the fracture with a specific type of surgical
cement. As a minimally invasive procedure, patients ben-
efit from less blood loss, pain, time in surgery, and time
in recovery. Reimbursement for this procedure is now
being covered by Medicare and most private insurance
companies (Satre & Mackler, 2006).

The remainder of this article describes perioperative
considerations regarding kyphoplasty. However, it is im-
portant to recognize that this procedure is contraindi-
cated in some patients. Spinal structural deformities may
preclude this approach; for example, vertebral bodies
with reduced amounts of posterior cortical bone may be
unable to accept the structural support from the surgi-
cal cement (Manson & Phillips, 2006). In patients with
neurological manifestations of cord compression, a tra-
ditional microdiscectomy is recommended; this can be
followed by an open kyphoplasty for fracture reduction
(Mueller & Berlemann, 2005). Patients with burst or ver-
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tebral plane fractures cannot be managed by kypho-
plasty (Mueller & Berlemann, 2005). Finally, no more
than three vertebral fractures can be reduced at the same
time by kyphoplasty because of the potential for micro-
embolization of cement and bone marrow (Choe,
Marom, Ahrar, Truong, & Madewell, 2004; Manson &
Phillips, 2006).

Kyphoplasty: Surgical Technique

Before initiating the kyphoplasty procedure, the patient’s
radiographs are reviewed to define fracture geometry
(Manson & Phillips, 2006); these films are also used in
the operative suite for comparison throughout the proce-
dure (Gross, 2002). General anesthesia is recommended
because of the complexity of the procedure as well a re-
quirement of absolute immobility during the cementing
process (Manson & Phillips, 2006). The patient is placed
in a prone position on a frame with cushioned bolsters
that provide postural support (Manson & Phillips, 2006).
Gel pads are applied under bony prominences to prevent
pressure ulcers.

Fluoroscopy is used for intraoperative visualization
throughout the procedure; two fluoroscopy units pro-
vide monitoring of both anterior/posterior (A/P) and lat-
eral views (Gross, 2002). A transpedicular approach is
commonly used, with the surgeon placing the tip of the
trocar at the outer aspect of the pedicle and then ad-
vancing it to 2/3 the depth of the vertebral body (Manson
& Phillips, 2006). With confirmation that the trocar is
appropriately placed in the vertebral body, the surgeon
inserts a guidewire through the trocar and then removes
it. A plastic cannula is inserted through the guidewire,
and the guidewire is then removed, leaving the cannula
in place. Next, the surgeon places an inflatable balloon
tamp through the cannula and expands the tamp under
visual fluoroscopy. This tamp both increases vertebral
height and provides a cavity for the subsequent installa-
tion of cement. The balloon is inflated; volume and pres-
sure are monitored using digital manometer controls
until the maximum pressure or volume of the balloon is
reached or contact occurs with a cortical wall (Manson
& Phillips, 2006). The balloon is then deflated and re-
moved. Partially cured bone cement is then introduced
through the cannula under low pressure to fill the void
created by the balloon tamp (see Figure 3 for a drawing
of this part of the procedure and Figure 4 for an x-ray
image postkyphoplasty). Between 3.5 to 8.5 ml of ce-
ment are instilled into the vertebral body (Erickson et al.,
2003). Constant pressure of the cement is maintained to
prevent backing out of the cement into the cannula.
Once the cement has cured, the patient is transferred to
the postoperative room.

A 1-3% rate of complication from the kyphoplasty
procedure has been reported in the literature (Predey
et al., 2002). Transient complications can occur in the
immediate postoperative period; these include bleeding,
pain, and fever that may be attributed to trauma causing
an inflammatory response (Gross, 2002). Potentially seri-
ous complications include cement leakage or improper
cement placement (Shen & Kim, 2006). Cement extra-
vasation occurs in less than 10% of cases and can lead
to nerve root compression, infection, and embolus of the
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Ficure 3. Drawing of kyphoplasty procedure.

cement to the lungs via the venous system (Aebli et al.,
2005; Gross, 2006). Such embolus can occur with migra-
tion of cement into the paravertebral veins of the venous
plexus, under the pressure of the cement injection into
the vertebral canal (Choe et al., 2004). Also, radiculopa-
thy can result if there is collapse of the vertebrae in the
level above or below the treated one during the proce-
dure. Adjacent level fractures have been reported in
20-30% of cases; such fractures are related to the hard-
ening of the vertebral body from the cement that lies next
to the fragile untreated osteoporotic bone (Karlsson,
Hasserius, Gerdhem, Obrant, & Ohlin, 2005).

Postoperative Results and Care

Postoperatively, patients require 2 to 4 hours of monitor-
ing, focusing on neurological and pulmonary function
(Lemke, 2005). Local applications of ice and pain med-
ication are used to relieve inflammation and reduce pain.
Patients are able to participate in activity as tolerated
without orthotic bracing. On discharge, the patient and
family are instructed on wound care, pain management,
and follow-up visits; contact information is provided in
case of an emergency.

Research investigations demonstrate that patients
experience pain relief and return of function after the
kyphoplasty procedure. For example, one study demon-
strated improvement in pain intensity by comparing pa-
tients” preoperative and postoperative rankings of pain
on the visual analog scale (VAS) of 1-10 (Phillips et al.,
2003). In this prospective study, 29 patients with com-
pression fractures between T6 and L5 were managed
with the kyphoplasty procedures after back pain per-
sisted despite conservative treatment, including bed rest,

10862-03_ON2606-Hanna.gxd 11/13/07 1:50 PM Page 345 $

Peompressed ~ 40:1

UPRIGHT

FIGURE 4. X-ray, postkyphoplasty.

analgesic medication, and bracing. Investigators noted a
statistically significant decrease in pain scores, from a
mean preoperative score of 8.6 to a mean 1-week post-
operative score of 2.6 (p < .0001). Of the original 29 pa-
tients, 19 were followed until the 1-year postoperative
period; of those, 14 patients reported complete absence
of pain. Statistical significance was also found in the re-
duction of pain scores from the 1-week postoperative to
1-year postoperative ratings (p = .0043). Additionally,
the authors of this study reported a postoperative return
of functional level in the majority of the study patients.
In another prospective study, pain and mobility were
compared between 40 patients treated with kyphoplasty
against 20 patients treated with conventional medical
management (Kasperk et al., 2005). All patients had ex-
perienced the fracture and resulting pain at least 1 year
prior. Using a VAS spine score for pain rating by patients,
statistically significant improvement in scores at 3 and
6 months postoperatively was noted in the kyphoplasty-
treated group (p =.007). Although the scores in the con-
servatively treated group did improve at these points in
time, the scores were not statistically significant. Physical
functioning was also assessed using the European Ver-
tebral Osteoporosis Study Score (EVOS). These scores
indicated a statistically significant improvement in ac-
tivities of daily living 6 months after treatment for the
kyphoplasty-treated group (p = .031). Again, although
the ADL scores in the conservatively treated group did
improve at 6 months, those scores were not statistically
significant.

One retrospective investigation also attempted to un-
cover pain relief and restoration of activities of daily
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