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Abstract: Osteoporosis and metabolic bone disease is a world-
wide problem with far reaching health and economic conse-
quences, especially as the population ages. Elderly people tend to
have progressive loss of bone mineral, leading to significantly
higher rates of fragility fractures. Osteoporosis can be classified as
type I (postmenopausal) or type II (senile). The spinal vertebrae
are the most at risk skeletal elements in the body to fracture. Spinal
osteoporosis can be asymptomatic or present as chronic pain and/
or deformity. Bone mineral density measurement is considered a
prognostic objective piece of data that can assist in the manage-
ment of these patients. Management is usually conservative for
spinal osteoporosis. Options include the use of exercise, estrogen,
and bisphosphonates. New options for vertebral insufficiency frac-
tures include percutaneous vertebroplasty. When osteoporosis ac-
companies surgical degenerative spinal disease, special consider-
ations are necessary to avoid the complications of instrumentation
of osteoporotic bone. This article discusses the regulation of bone
metabolism, the diagnosis and management of osteoporosis, as
well as special considerations of osteoporosis of the spine.

Epidemiology

More attention is being paid to diseases of the elderly as
our population continues to age. Osteoporosis is the most
prevalent bone disease in the United States and in other
developed countries [1]. The world wide problems of os-
teoporosis and the associated fragility fractures will con-
tinue to absorb health care resources in the future. The
incidence of all insufficiency fractures is known to increase
with age. It is estimated that 27% of women over age 65 will
suffer a vertebral insufficiency fracture [1]. Over the next 30
years, the hip fracture rate is expected to triple [2]. Current
estimates predict that by the year 2040, the total cost of
caring for hip fractures will be $240billion dollars [3]. By
using modern bone mineral density (BMD) techniques, it
has been estimated that 54% of all postmenopausal Cauca-
sian women have osteopenia and 30% have osteoporosis
[4]. Not only is the incidence of concern, there are also far
reaching issues regarding the quality of life of the elderly. A
large number of people will suffer from nonoperative, yet
painful and debilitating, vertebral fractures that greatly im-
pair their quality of life.

Bone Metabolism

The basic cells that mediate bone metabolism are the
osteoblasts, osteoclasts, and osteocytes. The osteoblasts
produce osteoid, which mineralizes to become bone. The
osteoclasts use Howship’s lacunae to act as bone resorbers.
Osteocytes are mature senescent osteoblasts that reside in
the mineralized matrix.

Calcium is a critically important mineral and has many
functions at the cellular level. It helps to regulate cell mem-
brane potentials, acts as a cofactor for blood coagulation,
plays a role in muscle cell function, and is involved with
cellular signal transduction across cell membranes. It is pri-
marily stored in the body as bone mineral, and the normal
blood levels are 9–10 mg/dl. Fifty percent of the calcium in
the blood is bound to albumin, 45% is present as free ions,
and 5% is bound to phosphate or citrate. The bone is used
as storehouse for calcium. The body tightly controls the
ionized calcium concentration by stimulating calcium re-
sorption from the bone with release of ions into the blood
when calcium levels are too low.

Vitamin D is a fat-soluble steroid hormone that modu-
lates calcium homeostasis. Vitamin D synthesis occurs
when 7-dehydrocholesterol is exposed to ultraviolet light,
creating the precursor D3. D3 then undergoes successive
hydroxylation at the liver and kidney to produce the bio-
logically active 1,25 D3. Induction of the liver enzyme P450
by medication such as phenytoin will interrupt the 25 (OH)
hydroxylation and will prevent the formation of active D3.
Currently, ergocalciferol (D2) is added to milk to ensure
adequate oral intake in children. 1,25 (OH) D3 has multiple
targets in the body. In the kidney, it increases proximal
reabsorption of phosphate and in the intestine, it increases
absorption of calcium by enhancing the activity of the cal-
cium-binding protein that is necessary for the active trans-
port of calcium across the intestinal epithelium. It also re-
duces the production and secretion of parathyroid hormone
(PTH), which stimulates bone resorption. Bone remains the
primary target tissue for vitamin D, but the exact mecha-
nism has not been elucidated. It has been theorized that
osteoclast activity may be stimulated via the osteoblast.

PTH acts closely with vitamin D to regulate calcium ho-
meostasis to form a metabolic axis, which acts on the bone,
kidney, and intestines. PTH is formed in the parathyroid
gland. Its release is inversely proportional to the serum ionic
calcium level. If the calcium level drops, the release of PTH
is stimulated. PTH causes bone resorption to release cal-
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cium, although the exact mechanism has not been eluci-
dated. Receptors for PTH have not been identified on os-
teoclasts. PTH is believed to stimulate osteoblasts (which
have PTH receptors) to release neutral proteases that resorb
osteoid. It may also stimulate osteoblasts to release other
unknown factors that directly stimulate osteoclasts to resorb
bone. In the kidney, PTH decreases reabsorption of phos-
phate in the proximal tubule and increases the reabsorption
of calcium distally.

Changes In Bone Metabolism With Aging

A number of changes occur intrinsically with aging.
These underlying biochemical changes lead to osteoporosis.
PTH levels are elevated in elderly people. With aging, there
is also an increased risk and incidence of 1,25 D3 defi-
ciency. This is due to decreased sun exposure, as well as to
decreased bioactivity of 1-a hydroxylase. This is the en-
zyme in the kidney that is responsible for hydroxylating 25
(OH) D3 to make 1,25 (OH) D3, which is the active form of
vitamin D. This decrease of vitamin D leads to decreased
absorption of calcium from the intestine, leading to calcium
deficiency. This leads to the elevated levels of PTH seen in
the elderly. These factors result in osteoclast activation,
bone resorption, and progressive loss of bone mineraliza-
tion.

Other Metabolic Factors

Calcitonin is produced by the clear cells in the thyroid
and is known to inhibit bone resorption. Although receptors
exist on osteoclasts for calcitonin (as opposed to PTH and
1,25 D3), its physiologic role in bone metabolism is still
unclear.

Although receptors for estrogen have been identified on
both osteoblasts and osteoclasts, the exact mechanism that
estrogen has in the regulation of bone is still being deter-
mined. It is known to have a protective effect in its ability
to prevent bone loss, but the mechanism is unclear. It is
known that women have accelerated bone loss after meno-
pause, and that the drop off in estrogen levels contributes to
this. Estrogen replacement (ERT) is an established strategy
to prevent osteoporosis, but it must be started within five
years of menopause to reduce fracture risk [5]. ERT has
certain risks, and each patient’s medical history needs to be
carefully reviewed. It is contraindicated in patients with a
history of endometrial cancer or who have a family history
of a first-degree relative with breast cancer.

Corticosteroids are known to cause bone loss [6]. The
mechanism is believed to be due to their ability to inhibit the
production of calcium-binding protein. This protein is
needed for active transport of calcium in the intestine. Ste-
roids also increase renal calcium excretion. These two ac-
tions lead to secondary hyperparathyroidism. A chronic
dose of as little as 10 mg per day of prednisone is associated
with bone loss. People with chronic hyperthyroidism or
with chronic supplementation are also known to be at higher
risk for bone loss [7].

Spinal Osteoporosis: Clinical Presentation

Osteoporosis is characterized by decreased bone mass
with an increased risk for fracture. Risk factors include age,
Caucasian/Asian ethnicity, female sex, steroid use, mal-
nourishment, calcium or vitamin D deficiency, smoking,
alcohol consumption, estrogen deficiency, and chronic ill-
ness [8,9] The peak bone mass is attained by most people
between the ages of 16–25. Bone loss is a relentless process,
with men losing 0.3% per year and women losing 0.5% per
year. After menopause, the bone loss rate accelerates 2–3%
per year for approximately six to 10 years. There are clas-
sically two types of osteoporosis as described by Riggs and
Melton (Table 1).

The clinical presentation of osteoporosis is one of silent
progression. Frequently, the first time the diagnosis is made
is with a fragility fracture that occurs with otherwise normal
activity. The vertebral bodies are the skeletal elements most
at risk. Another common presentation is the incidental ver-
tebral compression fracture seen on the routine lateral chest
x-ray. When the osteoporotic patient presents with a verte-
bral fragility fracture, the primary complaint is one of back
pain. There is no radiation into the legs. The acute back pain
at the site of the fracture will usually abate with fracture
healing, however, some may become chronic in nature, to a
lesser degree. Progressive loss of stature leads to progres-
sive shortening of the paraspinal muscles. In order to stand
more erect, prolonged active contraction is necessary to
maintain posture. This leads to complaints of back pain.
This generalized backache may cause patients to limit their
activity and alter their quality of life. Secondary to this,
patients may develop chronic pain syndrome symptoms,
insomnia, and finally clinical depression. Other medical
complications may include ileus, urinary retention, and
rarely, spinal canal narrowing with cord compression.

Compression fractures of the vertebral bodies may pre-
sent acutely after minor trauma, or insidiously with mild
pain. The spine may or may not be tender to palpation at the
site of fracture. Generalized backache will be paraspinal in
nature. The physical examination may also reveal a ky-
photic deformity of the thoracic spine, otherwise known as
a dowager’s hump. The mechanism of these fractures is one
of flexion with axial compression, with minor events caus-
ing damage to the weak bone.

Table 1.Osteoporosis classification of Riggs and Melton [12]

Type I Postmenopausal:
within 15–20 years
Trabecular bone affected
Fractures: vertebral, distal radius, intertrochanteric femur
Estrogen plays primary role in treatment

Type II Senile osteoporosis:
Womenand men >70 years
Trabecularand cortical bone affected equally
Multiple vertebral wedge fractures
Femoral neck fractures
Proximal humerus fractures
Aging, long-term calcium deficiency more important

36 BASSEWITZ AND HERKOWITZ



Spinal Osteoporosis: Radiographic Evaluation

The standard radiographic evaluation includes an antero-
posterior (AP) and lateral x-ray of the thoracic and lumbar
spine. Radiographically, lack of bone mass is termed osteo-
penia. There are many possible causes of osteopenia, one of
which is osteoporosis (Table 2) [10]. Approximately 30–
50% of bone mineral loss must be present to be detectable
on x-ray [11]. The vertebrae show vertical striation and
biconcavity. The empty box sign is when there is an accen-
tuated cortical outline of the vertebrae. This is due to en-
hanced radiolucency of the body. When osteopenia is ad-
vanced, the disc spaces may appear denser than the vertebral
bodies.

The fracture’s morphologic appearance differs based on
whether it is located in the thoracic or lumbar spine. The
thoracic spine compression fractures occur on the anterior
aspect of the bone. This shortening appears as an anterior
wedge. The resultant loss of anterior height will lead to a
dorsal kyphotic deformity. In the lumbar spine, the load of
the compression is distributed equally throughout the body,
therefore there is no asymmetric anterior wedging, but in-
stead, the T12-L4 vertebrae assume a codfish appearance.

Spinal Osteoporosis: Clinical Evaluation

Once an osteoporotic compression fracture is diagnosed,
it is important to ensure that the underlying diagnosis is type

I or II osteoporosis [12] (Table 1). Type I, or postmeno-
pausal osteoporosis, occurs in women about 15–20 years
after the onset of menopause. It affects trabecular bone pref-
erentially, with the resultant compression fractures occuring
in the vertebrae, distal radius, and intertrochanteric femur.
ERT is the mainstay of treatment. Type II, or senile osteo-
porosis, is more common in women than in men, but at only
a 2:1 ratio. Both trabecular and cortical bone are affected,
with vertebral wedge fractures, humerus fractures, and
femoral neck fractures being more characteristic. In type II,
calcium and vitamin D are more central in the overall treat-
ment regimen. Other causes of osteopenia must be ruled out.
A careful history and physical examination must be per-
formed as a first diagnostic step. Questions about constitu-
tional symptoms, previous malignant disease, nutritional
status, social habits, and family history will all help rule out
other causes. A routine laboratory evaluation consists of the
following serum tests: complete blood count, full chemistry
panel, thyroid, and testosterone levels. A 24-hour urine col-
lection should be done to check for calcium levels as well
N-telopeptide, which is a marker of bone turnover. If hy-
percalcemia is detected, a workup for primary or secondary
hyperparathyroidism should start with checking serum PTH
and 1,25 D3 levels. If hypocalcemia, hypophosphatemia, or
decreased renal function is present, both 1,25 (OH) D3 and
25 (OH) D3 levels should be checked for underlying vitamin
D deficiency. If multiple myeloma is suspected, urine and
serum protein electrophoresis should be done. In addition to
standard spinal x-rays, BMD is a standard part of any os-
teoporosis assessment [13].

BMD Measurement

BMD is a widely accepted quantitative technique to as-
sess skeletal mass. It is used quantitatively for osteoporosis
as a predicative factor for fragility fracture as serum cho-
lesterol is used as a predictive factor for myocardial infarc-
tion and as hypertension is used for stroke [14]. The use of
BMD is now recognized as a very valuable tool to not only
measure mass, but to also define normal and abnormal lev-
els of mass for populations as well as to predict fracture risk.
The Bone Mass Measurement Act, passed in 1988, provided
medicare reimbursement for BMD testing. It is known that
the decreased density of any measurement site in the body
correlates with the future global fracture risk of a patient.
For example, each standard deviation (SD) reduction of
bone mass carries any increased relative fracture risk of
1.5–3.0. The World Health Organization has developed cri-
teria for the diagnosis of osteoporosis (Table 3) [14]. BMD
measurements are used to diagnose osteoporosis, to predict
fracture risk, and as a measure to quantitate the response to
medical treatment.

There are various ways to measure BMD, each technique
having its own unique advantages. They are radiographic
absorptiometry (RA), single photon absorptiometry (SPA),
dual photon absorptiometry (DPA), dual-energy x-ray ab-
sorptiometry (DXA), quantitative computed tomography

Table 2.Causes of osteopenia seen on x-ray

Osteoporosis
Type I
Type II

Endocrine
Hyperparathyroidism
Hyperthyroidism
Diabetes mellitus
Cushing’s disease

Oncologic
Multiple myeloma
Leukemia
Metastatic disease

Deficiency states
Vitamin D
Calcium
Vitamin C
Malnourishment

Chronic disease
Chronic renal insufficiency
Chronic hepatic insufficiency
Malabsorption diseases
Inflammatory polyarthritides

Drugs
Corticosteroids
Anticonvulsants
Immunosuppressants

Social
Tobacco use
Alcohol use
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(QCT), and quantitative ultrasound (QUS). Taking an x-ray
of the hand with an aluminum reference metallic piece with
a known density is known as RA. An optical densitometer
is then used to measure BMD. Although this technique is
inexpensive and does not need special equipment, it is used
for appendicular measurement only. SPA and DPA both use
a radioactive isotope to measure the bone and soft tissue
absorption of a photon beam. Although these two tech-
niques are good at predicting fracture risk, they require
radioactivity and suffer from problems related to isotope
degradation. QCT uses a standard CT scanner with a special
software package. The technique uses a known density
phantom and compares that to the density of trabecular bone
and cortical bone, which are measured separately. The ad-
vantage of QCT is that it performs direct volume measure-
ments of BMD at the anatomic site in question, either the
hip or the spine. The disadvantage is the much higher ra-
diation dose required compared to other modalities. A
newer technology is the QUS device, which measures BMD
at the calcaneus by using sound waves. It is noninvasive and
cheap and has been shown to be good for hip fracture pre-
diction. However, it is a peripheral test, and suffers the
problem of all peripheral tests: discordance. Bone density
decreases in the spine first, as there is a high turnover in the
trabecular bone. BMD becomes reliably concordant (i.e.,
there are similar values in the appendicular and axial skel-
eton) by the age of 65 [15]. Up to the age of 65, axial BMD
of the spine is the most accurate site. Currently, the gold
standard of BMD measurement is DXA. It measures BMD
both of the hip and spine, covering the peripheral and axial
skeleton. An x-ray tube emits a radiation beam and attenu-
ation through the skeleton is measured by a photon counter.
The scan times are short, the radiation dose is low, and the
technique is precise.

Indications for BMD Testing

Currently, patients who suffer from a fragility fracture
(distal radius, vertebral compression, hip, or proximal hu-
merus) with significant osteopenia should have BMD test-
ing done. Other indications are listed in Table 4 [16].

BMD Results

When reading the results of BMD tests, it is important to
understand what values are being measured and what they

mean for the patient’s treatment. The most important data
reported are the T- and Z-scores. The T-score is the number
of SD that the bone density is above or below the young
adult mean. For every SD below normal, the fracture risk
doubles. For example, a T-score of −1 has a two times risk
of fracture than a person with a normal BMD [17]. The
DXA test measures density at both the proximal femur and
the lumbar vertebrae. In the spine, the most accurate T-score
is the average of L1–L4. A 50-year-old woman with a T-
score of −1 has a 30% chance of sustaining a fragility frac-
ture. With a T-score of −2.5, the chance of sustaining a
fracture increases to 60%. The Z-score is the number of SD
the BMD is above or below the value expected for the
patient’s age. Thus, a Z-score compares the BMD to a pa-
tient’s peers, as opposed to the T-score, which uses the
young adult mean for comparison. A Z-score of lower than
−1.5 is quite severe, and should stimulate a workup for
secondary osteoporosis. It should be noted that periarticular
sclerotic conditions such as osteoarthritis could cause a
falsely elevated bone density reading. Overall, however, the
authors prefer DXA for BMD testing due to its preciseness,
low cost, and minimal radiation.

Osteoporosis Prevention and Treatment Strategies

The goal of any osteoporosis treatment plan is to prevent
further bone loss. Currently, there is no treatment that can
restore bone mass to normal. Prevention starts with discour-
aging social risk factors such as smoking or drinking alco-
hol. An exercise program is both an excellent treatment and
prevention modality. These exercises should consist of
spine extension exercises (avoid flexion), abdominal
strengthening, and walking. This program can begin super-
vised by a physical therapist, then continued at home. One
hour of exercise two to three times per week can increase
bone mineral content in the lumbar spine and total body
calcium. Physical and occupational therapists can also assist
in instituting a fall prevention program.

Prevention and treatment in women begin with ERT [18].
It will prevent bone loss, decrease fragility fractures, and
carries with it cardioprotective benefits. However there are
contraindications. There is an increased risk of breast cancer
with greater than five years ERT use during the early post-
menopausal period. Also, older patients who have been on

Table 3.World Health Organization criteria for diagnosis
of osteoporosis

Category Criteria

Normal BMD #1 SD below average peak young
adult

Osteopenia BMD >1 SD and <2.5 SD below average
peak young adult

Osteoporosis BMD$2.5 SD below average peak
young adult

Severe osteoporosis BMD$2.5 SD below average peak
young adult and fragility fracture

Table 4. Indications for BMD testing

Postmenopausal women who are not on ERT and who would
consider treatment

Maternal history of hip fracture
Smokers
Thin habitus (>5 ft 7 in., <125 lb)
Medications associated with bone loss
Predisposing medical conditions (hyperthyroidism, s/p

transplant)
High levels of urinary collagen cross-links (suggestive of high

bone turnover)
History of previous fragility fractures
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ERT for more than 10 years have an increased risk of breast
cancer [19]. Yet, the cardioprotective effects of ERT are
believed to outweigh the other associated risks [20]. Patients
who have a history of breast cancer or a first-degree relative
(sister or mother) with breast cancer should not be started on
ERT. There is a three to fourfold increase risk of deep
venous thrombosis in postmenopausal women. Previous
thromboembolic or endometrial diseases are relative con-
traindications. There is also an increased risk of uterine
cancer, which is decreased with adjunct progestin use. Any
patient who is started on ERT needs to have an initial gy-
necologic and endometrial biopsy at 12 months. Finally, an
annual mammogram is recommended once ERT is begun.

Raloxifene is a selective estrogen receptor modulator
(SERM) that represents a new class of drug. A recent study
has demonstrated a 40% reduction in new spine fractures
among women who have had a previous vertebral fracture
and a 60% decrease in new vertebral fractures in women
who have never had one previously [21]. There is no effect
on the breast tissue or the uterine lining, but it does seem to
have the cardioprotective effect of estrogen. It is another
promising alternative to estrogen, and it has been shown to
increase BMD by 2% [22].

Other medications include the bisphosphonates. These
compounds bind to bone mineral and inhibit the dissolution
on calcium phosphate. They decrease osteoclast activity as
well as decrease osteoclast recruitment. Alendronate is the
most common bisphosphonate prescribed today. Typically,
5–10 mg per day are taken orally on an empty stomach, then
a delay of 30 minutes before eating is advised. This is due
to its the low bioavailability (0.7%). Additionally, alendro-
nate may be poorly tolerated due to its propensity to cause
gastroesophageal reflux. It is recommended that patients
avoid a reclining position after taking the drug, to help
better tolerate the possible reflux. Alendronate prevents
bone loss, and studies have shown gains in bone mass of up
to 10%. A 3% decrease in vertebral fractures at three years
has been demonstrated. Overall, a 50% reduction in spine
and hip fractures has been observed. Alendronate is an ex-
cellent alternative to ERT in patients in whom it is contra-
indicated [23].

Calcitonin is available in two forms. The injectable
salmon product dose is 100 units per day and the nasal
spray’s dose is 200 units per day. Calcitonin has been shown
to increase spinal bone mass and to decrease vertebral frac-
tures by 37%. It is another alternative for patients who
cannot take ERT. An additional benefit of the nasal prepa-
ration is the analgesic properties in the setting of an acute
vertebral compression fracture. The exact mechanism of
this effect is not known. Formation of antibodies to salmon
calcitonin (sCT) is common and occurs in 40–70% of the
patients treated for more than 4 months. Not all of these
patients, however, develop a secondary resistance to sCT;
therefore, the clinical significance of sCT antibodies is un-
clear. It does explain the known resistance to calcitonin that
occurs in 25–45% of the patients after treatment periods of
6 months and longer [24].

Dietary supplementation of both calcium and vitamin D

is important to help prevent decreased bone mass. In pre-
menopausal women, calcium oral intake will not prevent
osteoporosis, but will ensure achieving peak bone mass dur-
ing the formative years. The importance of adequate oral
intake of calcium during the growing years cannot be over-
emphasized. In older postmenopausal women (greater than
6 years), oral intake of calcium can slow bone loss and help
prevent osteoporosis [25]. Adequate oral calcium intake is
necessary in all patients, especially the elderly, to prevent
secondary hyperparathyroidism. In a recent study, it was
demonstrated that vitamin D deficiency is associated with
hip fracture in postmenopausal women. In osteoporotic pa-
tients or in patients at risk, the recommended daily dose of
elemental calcium is 1.5 g and 800 units of vitamin D.

Vertebral Compression Fracture Treatment

The vast majority of these patients are treated nonopera-
tively and symptomatically. This consists of a corset for the
lumbar spine or a hyperextension-type brace for the thoracic
spine. Although bracing may help with pain control, it is
unlikely to prevent further collapse or new fractures. Early
mobilization is encouraged with physical therapy. Admis-
sion to the hospital occurs occasionally for initial pain man-
agement and for supervised mobilization. As the acute epi-
sode passes with nonoperative treatment, more problems
can occur with sequelae. These issues include chronic pain,
kyphosis, and depression. Medical management needs to be
optimized, often using multiple medications including cal-
citonin for analgesia. Deformity may be static or progres-
sive, and this needs to be closely followed. Kaneda et al.
[26] have reported on late neurologic deficit due to spinal
canal narrowing with delayed collapse. For these 22 pa-
tients, Kaneda performed an anterior corpectomy, ceramic
replacement, instrumentation, and used a postoperative tho-
racolumbosacral orthosis (TLSO). With an average 34-
month follow-up, he gained significant kyphosis correction
and improved neurologic status. Of note, avascular necrosis
was found in the corpectomy bone.

A new procedure that has been reported on extensively in
the radiology literature is percutaneous vertebroplasty per-
formed with fluoroscopic or CT guidance. Although still
considered experimental, it has been gaining increased at-
tention in the orthopaedic and spine community, with the
procedure becoming more common. The procedure in-
volves percutaneously placing a trocar into the kyphotic
compressed vertebral body and restoring vertebral height
and alleviating pain with the introduction of polymethyl-
methacrylate (PMMA) or other composite material [27–30].
In the thoracic spine, the route is typically transpedicular. In
the lumbar spine, a posterolateral approach may be used.
Pioneered in France, this procedure was originally used for
metastatic tumors of the spine. Reports described good to
excellent results regarding pain relief, albeit with a small
complication rate of leakage of materials. In 1996, Cotten et
al. [31] reported a series of 37 patients. They all underwent
percutaneous fluoroscopically guided vertebroplasty for
metastatic lesions or myeloma. Of 37 patients, 36 had sig-
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nificant pain relief, but there were 33 leaks. Of the eight
foraminal leaks, two patients required surgical decompres-
sion. The other leaks were clinically insignificant. Other
authors have reported on the compression fracture experi-
ence and have found very few complications [27–30]. Re-
garding pain relief, the success rates have approached 90–
100%. It appears that the leak problem may be due to the
underlying bony destruction associated with erosive tumors
as compared to the compression phenomena of fracture.
Other authors have noted that controlling the amount of
PMMA injected with help keep leaking to a minimum. A
modification to this technique is the balloon vertebroplasty
(Figs. 1–3). Two balloons are introduced via bilateral tro-
cars. Inflation of the balloons restores vertebral height. One
balloon is deflated and PMMA is injected through that tro-
car. Then the second balloon is deflated and PMMA is
injected into the created defect. In addition to the recovery
of vertebral height and the correction of a segmental ky-
phosis, a third advantage to the balloon technique is the
relatively low pressure that is required for the injection, as
compared to the original vertebroplasty technique. This pro-
cedure is still in its infancy and there are few studies in the
orthopaedic literature that detail the results of vertebroplasty
in the osteoporotic compression fracture. Most of the pub-
lished studies are in the radiology literature. These verte-
broplasties were done for the pathologic and tumorous ver-
tebral fractures. Although the indications for this procedure
are still not clearly defined, the compression fracture that
remains recalcitrant to medical management and is associ-
ated with marked kyphosis may be an excellent candidate
for this procedure.

Fig. 2. Lateral fluoroscopy with transpedicular trocars and balloon
vertebroplasty device in the vertebral body. Note the restored an-
terior height.

Fig. 3. AP fluoroscopy of completed vertebroplasty with polymer-
ized polymethylmethacralate (PMMA) bone cement in place. The
vertebral height is restored.

Fig. 1. Thoracic anterior wedge compression fracture. Note the
loss of anterior body height.
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Special Problems With Instrumentation of the
Osteoporotic Spine

Although most spine surgeons try to avoid using instru-
mentation when operating on the osteoporotic spine, it is
sometimes necessary. At times, there are indications such as
instability, scoliosis, or kyphosis when instrumentation
would improve the chance of a successful arthrodesis or
otherwise help to ensure a better surgical outcome. The
problem resides in the lack of mineral in the bone, leaving
essentially very porous trabecular bone. This porous bone
has poor pullout strength. Also, the pedicles widen analo-
gous to the widening of the femur with advanced osteopo-
rosis. All that is left are the cortices of the pedicles, with no
trabecular bone available for gripping of the threads of the
screws. Hu [32] has described some strategies that can be
employed in these patients. These involve using multiple
sites of fixation such as sublaminar wires around the nearly
all cortical lamina or using multiple levels of hooks. These
techniques can be used in lieu of pedicle screws if the pos-
terior elements are intact (e.g., posterior spinal fusion for
unstable kyphotic compression fracture). If the posterior
elements are not intact (e.g., after decompression for degen-
erative spondylolisthesis or stenotic degenerative lumbar
scoliosis), other strategies can be used to prevent pedicle
screw pullout. The laminectomy can be used to directly
visualize the pedicle to ensure exact placement and reduce
the risk of cutout. Undertapping or avoiding tapping at all
should be employed. Adjacent levels that did not require
laminectomy can be used to augment the construct by plac-
ing laminar hooks to increase the lever arm and decrease the
stress on the pedicle screws. In very porous bone, PMMA
can be used to augment the pedicle screw holes, which can
help secure stable fixation to the vertebral bodies.

Summary

As the population ages, all physicians will be involved
with patients with osteoporosis. The systemic effects of this
disorder will lead to a great deal of morbidity. To effectively
treat the rising percentage of elderly patients in the popu-
lation, prevention must be established as the mainstay of
treatment. Ensuring early and adequate intake of calcium
and vitamin D will help to maximize total bone mass during
the growing years. As osteoporosis affects the spine with
aging, both silent and acute compression fractures may be
the earliest sign of osteoporosis. There are new medications
that can restore bone mass to some degree and can even help
to reduce the risk of new and subsequent fractures. In the
patient who fails conservative management of the vertebral
insufficiency fracture, newer, although experimental, tech-
niques are being developed to help rehabilitate patients
much faster. This will help to avoid the “fracture disease” of
the debilitated patient who suffers from a painful vertebral
osteoporotic compression fracture. Special measures should
be taken in the osteoporotic spine that requires spinal fusion,
and instrumentation should be used very carefully.
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