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Abstract
Osteoporosis has become a major medical problem as the aged population of the world rapidly grows. Osteoporosis
predisposes patients to fracture, progressive spinal deformities, and stenosis, and is subject to be a major concern
before performing spine surgery, especially with bone fusions and instrumentation. Osteoporosis has often been
considered a contraindication for spinal surgery, while in some instances patients have undergone limited and inadequate
procedures in order to avoid concomitant instrumentation. As the population ages and the expectations of older patients
increase, the demand for surgical treatment in older patients with osteoporosis and spinal degenerative diseases
becomes progressively more important. Nowadays, advances in surgical and anesthetic technology make it possible to
operate successfully on elderly patients who no longer accept disabling physical conditions. This article discusses the
biomechanics of the osteoporotic spine, the diagnosis and management of osteoporotic patients with spinal conditions,
as well as the novel treatments, recommendations, surgical indications, strategies and instrumentation in patients with
osteoporosis who need spine operations.
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Introduction
steoporosis is a skeletal disorder characterized
by compromised bone mass accompanied by
micro architectural deterioration of bone tissue
predisposing a person to an increased risk of fracture (1).
Bone strength is based on bone mineral density (BMD)
and other factors, such as remodeling frequency (bone
turnover), bone size and area, bone microarchitecture,
and degree of bone mineralization. According to the
World Health Organization, patients are considered
osteoporotic when they have a BMD measurement that
is 2.5 standard deviations below the typical bone mass of
young healthy white woman.
The cellular mechanism of osteoporosis is multifactorial.
The cumulative effect of normal aging, the onset of
menopause, dietary calcium deficiency, and progressive
inactivity are the upregulation of bone resorption and
down regulation of bone formation. While it is commonly
held that these effects are mediated by stimulation
of osteoclasts and inhibition of osteoblasts, the exact
mechanisms by which they lead to age-related bone loss
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is still not well understood (2).
With the rapid growth of the global elderly population,
osteoporosis has become one of the most prevalent
public-health concerns and a major medical problem
for these individuals. The age of patients needing spine
surgery is also increasing steadily as the average lifespan
increases. Therefore, the number of spine operations in
osteoporotic elderly patients is on the rise (3).
Osteoporosis predisposes elderly patients to progressive
spinal deformities and potential neurologic compromise,
and is subject to be a major concern before performing
spine surgery (4). Surgical treatment of osteoporosis is
still not widely accepted by orthopedic surgeons. Patients
with osteoporosis are difficult to treat surgically because
of advanced age and associated risks of anesthesia, making
them poor candidates for surgery (4, 5). Furthermore,
osteoporosis can complicate spine surgery, especially
interventions with bone fusions and instrumentation.
However, spinal surgery in elderly patients with
osteoporosis has been gaining support. The recent
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literature demonstrates that the survival rate after spine
surgery for spinal stenosis in the elderly is comparable
to the rate after joint replacement surgery (6, 7).
Furthermore, the outcomes of surgical treatment are
more favorable than conservative treatment, and patients
who undergo spine surgery have a better survival rate
than a matched general population in each group (8).
The advancement of surgical and anesthetic knowledge
and technology allows the use of more sophisticated
instrumentation and makes it possible to operate
successfully on high-risk patients of advanced age who
no longer accept disabling physical conditions (5).

Biomechanics of the osteoporotic spine
The human spine has an extensive range of motion and
considerable load-carrying capacity required for the
physical activities of daily life. The vertebral body and
intervertebral disc sustain approximately 80% of the
load during axial compression, with the remaining 20%
sustained by the facet joints (8). With increasing age,
alterations to the form and composition of the individual
structures of the spine can increase the risk of injury and
can have a profound influence on the quality of life (9).
The architecture of a vertebral body is comprised of
porous trabecular bone and dense and solid cortex.
Bone density varies between sex, between individuals,
between spinal levels, but also as a function of age.
Starting in the fourth decade of life, elderly men can lose
up to 30% and elderly women up to 50% of bone density
(10). Osteoporosis weakens the structural strength of
bone to an extent that normal daily activity can exceed
the vertebra’s ability to carry this load. Decreased
structural strength is not only the result of reduced
apparent bone density, but is also due to changes in
bone architecture, bone remodeling, and repair rate,
resulting in faster damage accumulation for continuous
cyclic loading. The increase in bone fragility is due to the
replacement of normal trabecular structures by thinner
and more open spicules. The more porous appearance of
cancellous bone is the result of reduced horizontal crosslinking struts, further reducing the buckling strength of
vertically oriented trabeculae (9).
Vertebrae are the most commonly fractured bones
among elderly people with osteoporosis. The type of
vertebral fracture is related to BMD loss and the pattern
of loading, but is also influenced by the position of the
spine at the time of injury (2). In osteoporotic vertebrae,
the load-bearing capacity of the body changes, since it
loses bone faster from trabeculae than from the cortex.
Vertebral body trabeculae tend to be denser and in the
posterior aspect of the vertebral body compared with
the anterior. Likewise, trabeculae are denser in the
inferior half compared with the superior half, possibly
because they are reinforced by trabecular arcades from
the pedicles. The typical osteoporotic vertebral fracture
leads to a height loss in the anterior vertebral body, often
leaving the posterior vertebral wall intact. This wedgeshaped deformity of a single fractured vertebra usually
leads to a local increase in kyphosis.
Fracture risk of adjacent levels has shown to have a fivefold
increased fracture risk compared to normal vertebrae,
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leading to multiple vertebral fractures or “vertebral
fracture cascade” (11). Multiple adjacent vertebral
fractures lead to a progressive kyphotic deformity with
sagittal imbalance and postural disfigurement. A single
anterior wedge fracture can increase thoracic kyphosis
by 10° or more, and thoracic curves exceeding 70° are
common in elderly subjects with multilevel compression
fractures (12).
Although the Scoliosis Research Society established
that normal thoracic kyphosis can vary from 20º to 40º
(measured between T5 and T12), there is an increased
range of variability for what can be considered as normal
sagittal balance among asymptomatic individuals (13).
Normal spinal balance dictates that a weight-bearing
plumb line dropped from the base of the occiput should
fall through the C7 vertebral body, T12-L1 junction,
and caudally within or just anterior to the sacral
(S1) promontory. This facilitates even distribution
of compressive loads to each of the vertebrae in the
spinal column (2). In the presence of osteoporosis, the
physiologic thoracic kyphosis and increased stresses
at the anterior margins of the thoracic vertebral bodies
produce prominent wedging of the mid-thoracic
vertebrae, subsequently exacerbating hyperkyphosis by
anterior translation of the head and upper torso (12).
The lumbar spine is normally lordotic. If lordosis is
maintained at the time of fracture, loads are mainly
concentrated within the center of the lumbar endplate.
Although anterior wedge compression fractures can occur
in this region, fractures more commonly exhibit uniform
compression or central (biconcave) types (2, 14).

Prevalence of osteoporosis in patients requiring
spine surgery
The aging population is growing at an exponential rate.
It has been estimated that up to 50% of this population
will require basic nursing care or assistance with
activities of daily living. Furthermore, the number of
disabled years for these individuals is growing in step
with their increasing life expectancy (15).
The older patient has unique characteristics that require
differentiation from that of the archetypical adult, such as
atypical presentation and response to disease and frailty
from comorbidities and chronic disease (15-17).
Patients who need spine operations often have
osteoporosis. The number of spine operations in elderly
patients is increasing, and so is the incidence of osteoporosis
in spine-surgery patients. There are studies on the
relationship between degenerative diseases of the lumbar
spine in elderly people and lumbar spine BMD. Degenerative
diseases of the lumbar spine may have an effect on lumbar
spine BMD. Patients with the most severe spinal pathology
may have the most severe osteoporosis and are reported
to lose bone at a greater than average rate (18). However,
most studies indicate that spinal arthropathy and disc
degeneration are associated with increased BMD at spinal
and appendicular sites. Osteophyte formation, disc-space
narrowing, bone sclerosis, spondylolisthesis, and vertebral
fractures are associated with increased spinal bone BMD
(19, 20). The association between BMD and spinal problems
appears to be rather complex, and this discrepancy indicates
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that degenerative spinal diseases may be associated with
increased lumbar spine BMD measurements. Therefore,
femoral neck or distal radius BMD may be more appropriate
to evaluate for osteoporosis (21, 22).
The age of patients needing spine surgery is slowly
increasing because of an increase in the average lifespan.
The number of spine surgery patients in their 6th, 7th,
or 8th decade of life is growing faster than in other
age groups. Chin et al. retrospectively investigated the
incidence of osteoporosis in a cohort of 1321 patients who
had undergone spine operations (23). The age-adjusted
prevalence of osteoporosis for female patients over 50
who had undergone a spine operation was 25.4%, 58.7%,
72.2%, and 86.6% in the 50-59, 60-69, 70-79, and over80 age groups, respectively. They found a 51.3% rate of
osteoporosis for female patients over 50 years of age who
had undergone a spine operation, which is higher than
that of other reports on osteoporosis in women over 50
years from the general population.
The prevalence of osteoporosis and osteopenia among
spinal patients has also been investigated. The prevalence
of increased bone fragility was highest in the group made
up of female patients with degenerative spondylolisthesis
and the group of males with spondylotic stenosis.
However, vertebral compression fracture is the most
prevalent condition in osteoporotic patients (24).

Instrumentation for the osteoporotic spine
Osteoporosis is subject to be a major concern before
performing spine surgery since surgical correction of such
patients is difficult. The lack of mineral in the bone and the
very porous trabecular bone offer poor pull-out strength.
Also, the pedicles widen analogous to the widening of the
femur with advanced osteoporosis (4). All that is left are the
cortices, with almost no trabecular bone available, offering
poor purchase for the instrumentation (25). If we ascertain
the existence of osteoporosis before spine surgery, we can
choose the most effective spine operation which has the
lowest complication rate for osteoporotic spine patients.
In the presence of osteoporosis, the decreased mineral
properties of the bone increase the risk of fixation
failure. De Wald and Stanley reviewed the postoperative
complications observed in a group of 38 patients over the
age of 65 years old who had undergone five-level fusions
(26). Early complications included pedicle fractures
and compression fractures, and the most common late
complications were pseud-arthrosis with instrumentation
failure and adjacent-level disc degeneration with
herniation. Decreased fixation strength in the bone
of osteoporotic patients with low BMD leads to an
increased incidence of instrument failure. Osteoporosis
also decreases the likelihood of successful fusion in
these patients. As a consequence, instrumentation that
is designed to provide temporary support experiences
more prolonged stress loading, thereby increasing the
probability of delayed fusion and pseudarthrosis. In the
case of posterior fixation with screws, failure is a result of
screw pull-out and loosening. Anterior instrumentation
failure is secondary to continuous cyclic loading, leading
to cutout and subsidence of interbody devices into the
osteoporotic bone (27-32).
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Many solutions have been proposed to improve the
fixation strength of instrumentation and reduce the risk
of failure. These include the use of multiple fixation points
and a combination of fixation types, screw augmentation
with poly methyl methacrylate (PMMA) expandable
screws, hydroxyapatite-coated screws, larger diameter
screws with bicortical purchase, obtaining adequate
sagittal balance, and accepting lesser degrees of coronal
correction (17, 27-30, 33-49).

Multiple levels and points of fixation. Combination
of fixation types.
The use of multiple levels of fixation to dissipate stress
and distribute force by increasing the number of fixation
points is often considered as a means of improving
stability during instrumentation of the osteoporotic
spine. Multiple points of fixation can be obtained with
segmental constructs, laminar hooks, sub-laminar wires,
and, most commonly, pedicle screws (4).
Hooks or wires constructs generally require longer
constructs than pedicle screws to provide adequate
fixation (50). Current literature provides evidence that
supports the use of a combination of fixation types
to distribute the stresses on the osteoporotic bone.
A combination of pedicle screws and laminar hooks,
also known as pediculolaminar fixation, will provide
the greatest resistance to pull-out forces. Concurrent
use of hooks and pedicle screws can increase pullout strength up to 100%. Biomechanical studies have
shown that laminar hooks and sub-laminar wires used
in conjunction with pedicle screws can increase pull-out
strength, stiffness, and torsional stability in osteoporotic
bone (28-30, 38, 40, 51, 52).
Posterior thoracolumbar instrumentation failure has
been shown to correlate with BMD. Coe et al. studied
the posterior spine implants modes of failure in
osteoporotic thoracic spines (29). Wire fixation failed by
cutting through the bone posteriorly. Sub-laminar hooks
typically failed by pulling through the lamina posteriorly,
although 30% of the failures occurred at the pedicle or
the pedicle-body junction. Pedicle screws typically failed
by screw pull-out. Overall, sub-laminar hooks showed
superior stability compared with wire or pedicle screw
constructs (38, 40, 52). These findings were supported
by Butler et al. who reported that the performance of
hook fixation in the thoracic spine was not adversely
affected by osteoporosis (28).
De Wald and Stanley recommended that regardless
of the instrumentation used, at least 3 fixation points
superior and 3 fixation points inferior to the apex of the
spinal deformity should be used to ensure a balanced
construct (26). In addition, the level at which to complete
the construct is especially critical in osteoporotic
patients. It is important that the instrumentation does
not end in a kyphotic segment, because progressive
sagittal imbalance is a common complication in
instrumented osteoporotic spinal deformities, leading
to instrumentation failure and adjacent-level fracture.
Consequently, instrumented fusion should extend beyond
the apex of any deformity and caudal to the thoracic
kyphosis (4). Ending the cephalad portion of lumbar
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constructs at L1 should be avoided. Rather, T10 should
be used to avoid kyphotic collapse at the thoracolumbar
transition zone (53). Similar issues arise at the caudal
side, with lumbar kyphosis and constructs ending at the
lumbosacral region. Bilateral iliac screws and bi-cortical
sacral screws can be used as additional fixation points
(54). Kwon et al. suggested that extension of the fusion
to the sacrum or ilium can reduce the potential high risk
of failure for constructs ending with pedicle screws at
L5 (55). However, the inclusion of additional proximal
or caudal levels of fixation must be weighed against the
morbidity associated with an extended instrumentation.

Posterior instrumentation. Pedicle screw, techniques
and designs.
Pedicle screws provide 3 column fixations, and are
the most commonly used device with which to achieve
posterior fixation in the lumbar and thoracic spine.
However, their use is controversial in patients with
osteoporosis, since studies have demonstrated that
insertional torque, pull-out strength, and fatigue failure
are linearly related with BMD, so the weakest link in
fixation of the osteoporotic spine is the bone-implant
interface (53). In addition, damage caused by such
pullouts can complicate revision surgeries and make
them more challenging (4). As a result, several new
designs have been developed in an effort to improve
pedicle-screw fixation in the osteoporotic spine.
Bi-cortical purchase. Increasing screw length does
increase screw pull-out strength. The cortex of the
vertebral body is stronger than the cancellous bone,
so bi-cortical purchase is stronger than uni-corticalcancellous purchase. Multiple biomechanical studies
have demonstrated that bi-cortical purchase of pedicle
screws can improve pull-out strength from 20% to 50%,
depending on the patient’s vertebrae and the screw
dimensions and screw type (56).
Although bi-cortical purchase of pedicle screws can
increase fixation in the lumbar, thoracic, and sacral spine,
the technique is usually used only at the S1 level because
of the potential damage to the aorta and vena cava when
used in the lumbar or thoracic spine. However, the use of
anteromedial bi-cortical sacral screws also increases the
risk of damage to anterior structures like the L5 nerve
root, colon, iliac and middle sacral arteries and veins,
and sacral sympathetic trunk (57, 58). An alternative
technique to the anteromedial approach is to angle a bicortical S1 pedicle screw superiorly through the S1 end
plate. Luk et al. in a cadaveric biomechanical study, found
that bi-cortical screws through the S1 end plate afforded
significantly stronger insertion torque and pull-out
strength after cyclic loading than did the anteromedially
directed bi-cortical screws (59). In addition, this approach
avoids the possibility of damaging the neurovascular and
visceral structures.
Increasing screw diameter will also increase pull-out
strength; however, the dimensions of the instrumented
pedicle limits the screw diameter. In the osteoporotic
spine, when the screw diameter exceeds 70% of the
pedicle diameter, a high risk of pedicle fracture has been
reported (60).
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Coating. The bone-screw interface may also be improved
by hydroxyapatite-coated screws. Improved pedicle
screw-bone contact, bone ingrowth and mineralization,
and increased screw pull-out strength are the reported
advantages of coated pedicle screws (61).
Animal model studies have demonstrated that the pullout strength and extraction torque of hydroxyapatitecoated screws is significantly greater than that of
uncoated screws (62). However, hydroxyapatite coating
is not without its disadvantages. Bone-screw interface
integration is not expected to happen immediately,
so primary stability does not differ much from that
of standard screws (33). A non-blinded, prospective,
randomized trial compared hydroxyapatite-coated with
uncoated pedicle screws and found that, once implanted,
the coated screws were difficult to remove even when
necessary, such as when infected, requiring significantly
more torque for removal during revision surgery than
uncoated screws (63).
Expandable screws. Pedicle screws can expand after
positioning in the pedicle, providing better fixation in
weakened osteoporotic bone and reducing the risk of
screw pull-out (4). One biomechanical cadaver study
evaluated their use as a revision screw and showed
that they had more pull-out strength than an initial
pedicle screw but less than that of a PMMA-augmented
screw (64). One concern with such implants is that the
increasing screw diameter could fracture the pedicle,
placing the adjacent nerve root at risk (65, 66).
Cement augmentation of screws. Poly methyl methacrylate
augmentation procedures can be achieved through the
use of distally fenestrated pedicle screws specifically
designed for cement injection. Once PMMA has been
extruded though the screw holes, it sets, due to
polymerization, creating a continuous mass between
the core of the screw and the cancellous bone in the
vertebral body. As a result, cement gives immediate
restoration of strength and stiffness, and significantly
increases pull-out strength in osteoporotic vertebrae
compared with non-augmented low-to-normal BMD
vertebrae levels (53, 67). Several biomechanical studies
have indicated that augmenting pedicle screws with
PMMA or other cements can significantly increase screw
axial pull-out strength (by 119%-250%) for primary and
revision surgeries. These studies have also shown that
PMMA augmentation increases mean stiffness, energy
absorbed to failure, and initial fixation and fatigue
strength of pedicle screws (34, 68).
Distal fenestration allows delivery of the entire volume
of cement into the vertebral body around the distal third
of the screw, far ventral to the neuro central canal. This
distal concentration of cement for screw augmentation
promotes a higher force to failure and diminishes the
risk of cement extrusion into the spinal canal through an
unrecognized pedicle breach (33, 35, 39, 69-79).
Amendola et al. published a study of 21 patients who
had a poor bone stock condition due to osteoporosis or
tumor and who underwent posterior stabilization by
fenestrated pedicle screws and PMMA augmentation
(33). All patients were clinically and radiographically
followed up for a mean of 36 months. No case of loosening
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was recorded after a mean follow-up of 36 months. The
only clinical complication strictly related to PMMA screw
augmentation did not require further surgery. Chang et
al. reviewed 291 PMMA-augmented pedicle screws in
41 osteoporotic patients with a median of 22-months
of follow-up (35). No screw migration or loosening was
reported in the series, and all cement leakages were
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asymptomatic (Table 1).
In the authors’ practice, PMMA-augmented pedicle
screws have produced very satisfactory results. A previous
study conducted by the authors investigated the clinical
and radiological outcome of 23 osteoporotic patients
(mean age 77 years) with degenerative lumbar instability
(stenosis, spondylolisthesis) treated with fusion using

Table 1. Summary of reports of surgical treatment for degenerative lumbar disease using pedicle screws augmented with PMMA
Year of
publication

Number of
patients/
Mean age

Mean
follow-up
months

Diagnosis

Augmentation
technique

Cement
leakage
rate

Singh et al.

2005

9/76.1 years

11.2 months

Osteoporotic fracture and
sponylolisthesis 9

Through
biopsy needle

22.2%

Frankel
et al.

2007

23/

21 months

Osteoporotic fracture 8
Sponylolisthesis 5
Spinal malignancy 6
Revision surgery 4

Through
biopsy needle

39.1%

Chang et al.

2008

41/75.1 years

22.3 months

Osteoporotic fracture 32
Spinal stenosis 5
Spinal malignancy 4

Through
biopsy needle

26.2%

Kim et al.

2008

20/60.5 years

15 months

Osteoporotic fracture 20

Through
biopsy needle

1 Stroke 6th day postop.
2 Deep wound infection
1 AVCFx

None

None

Aydogan
et al.

2009

36/66 years

37 months

Through
biopsy needle

None

4 Superficial wound
infection

Moon et al.

2009

37/68.7 years

33.3 months

Fenestrated
pedicle screws

5.4%

1 Pedicle screw
loosening

2 Dural tear
repair

Hu et al.

2011

Group A:
25/73 years
Group B:
23/74.6 years

Group A:
16.5 m
Group B:
15.9 m

Degenerat. spondylolisthesis 6
Spondylolit. spondylolisthesis 5
Spondylotic stenosis 26
Osteoporotic fracture 31
Sponylolisthesis + stenosis 11
Spinal malignancy 6

Group A: TBN
Group B: FPS

Group B: 1 postoperative sciatica

None

Osteoporotic fracture 4
Degenerative disease 2
Spinal malignancy 10
Revision surgery 5

Group A:
18.3%
Group B:
13.6%

Fenestrated
pedicle screws

23.8%

Author

Osteoporotic fracture 6
Spinal stenosis 26
Sponylolisthesis 3
Spinal malignancy 1

Amendola
et al.

2011

21/67.2 years

36.4 months

Xie et al.

2011

14/63.14
years

45.6 months

Degenerative scoliosis

Through
biopsy needle

14.3%

Piñera
et al.

2011

23/77 years

32 months

Spinal stenosis 11
Degenerat. sponylolisthesis 12

Fenestrated
pedicle screws

29.3%

Sawakami
et al.

2012

17/73.8 years

33.6 months

Vertebral pseudarthrosis 17

Pedicle screws
covered with
1.0 mL PMMA

Zapatowicz
et al.

2012

17/69 years

14.9 months

Osteoporotic fracture 11
Spondylodiscitis 1
Degenerat. sponylolisthesis 4
Spinal malignancy 1

Through
biopsy needle

13.3 months

Osteoporotic fracture 4
Degenerat. spondylolisthesis 5
Spinal/foraminal stenosis 6

Percutaneous
fenestrated
pedicle screws

Lubansu
et al.

2012

15/71.2 years

Complications
1 Screw migration
1 Nonunion fracture
4 AVCFx

1 asymptomatic PMMA
pulmonary embolus
2 Superficial wound
infection

1 nerve root palsy
2 Superficial wound
infection
1 DVT 7th day postop.
1 Cauda equina syndrom

Reinterventions
1 cement
extravasation
removedlaminectomy
None
None

1 Seroma.
Debridement
and secondary
suture
None

1 PVCF

1 Pneumonia

None

None

2 Superficial wound
infection
5 AVCFx

2 Fusion
extension

45%

1 Pneumothorax
1 Intraoperative pedicle
fracture

30%

2 Bronchospasm
4 Adjacent disc
degeneration
2 Urinary infection

1 Transient radiculitis
due to screw
misplacement
1 Superficial wound
infection

3 Debridement
for delayed deep
wound infection

1 Delayed
spondylodiscitis
reinfection.
Removal of loose
screws
None

TBN:Through biopsy needle; FPS:Fenestrated pedicle screws; AVCFx:Adjacent vertebral compression fracture; DVT:Deep venous thrombosis;
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fenestrated cemented pedicle screw instrumentation
augmented with PMMA (103 screws of 58 cemented
vertebrae) (72). Patients were followed for up to 49
months. Pain and function improved at 6 months and
were maintained at the final follow-up. Average cement
volume injected was 1.8 cc, with cement leakage
observed in 29.3% of cemented vertebrae. No clinical
complications secondary to PMMA leakage developed.
Fusion signs were reviewed in reconstruction images
of 6-month control computed tomography scans (CT
scan), with no clinical or radiological cases of non-union
observed. No fractures occurred in adjacent segments.
There were 4 cases of adjacent disc disease. Three
deep infections required surgical revision without
removal of material and 1 superficial infection, all with
complete remission. Widespread use of vertebraplasty
has provided experience and consistent data about the
low risks of cement leakage when done in a controlled
fashion. Cannulated pedicular screws allow for screw
augmentation once the screws are inserted, and
precisely control the consistency, rhythm, and volume
of the cement injected into each screw. Continuous
fluoroscopy performed during cementation makes
identification of the trabecular pattern of cementation
possible and stops cementation at the beginning of
cement leakage. The leakage rates found in our series
(29.3%) were lower than the vertebroplasty results
appearing in the literature (63% to 87%).
PMMA has traditionally been used to augment vertebral
screws, but other reinforcing materials include calcium
phosphate and injectable bioactive glass ceramic resins
(4). Calcium phosphate cements have a compressive
strength between that of cancellous and cortical bone
but have a shear and tensile strength lower than that
of cancellous bone. For this reason, although the use of
calcium phosphate augmentation has been reported to
increase resistance to screw pull-out, a comparison with
PMMA shows that calcium phosphate screws produce
a lower increase in pull-out strength (41, 48). Ceramic
resins are another class of injectable filler material that
have been investigated for vertebral augmentation.
There are case reports where this material has been
successfully used to augment screws in the distal radius
and ankle (80, 81).
The most concerning issues of cement augmentation
are probably cement leakage and exothermic reaction,
which can lead to surrounding tissue damage with
spinal cord and nerve compression. Other disadvantages
are its inability to integrate into surrounding bone, and
implant removal in case of infection, revision, or other
problems.
In case of screw revision, screw extraction continues
to be a clinical concern for surgeons considering cement
augmentation in osteoporotic vertebrae. Choma et al.
in a cadaveric study demonstrated that screws could
be easily extracted after cement augmentation with
failure occurring at the screw-cement interface in all
cases (69). Cho et al. studied the torque required to
back out the pedicle screws augmented with PMMA in
an osteoporotic model (82). The results of their study
showed that the torque required to remove the screws
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was generally higher than the insertion torque of the
primary screws. However, the removal torque for screws
augmented was <1N×m and did not cause any bony
damage to the osteoporotic vertebrae, demonstrating
that safe screw extraction is possible even after cement
augmentation of a pedicle screw.
Inter-spinous process spacer
The inter-spinous process distraction device is a less
invasive surgical alternative to traditional lumbar
laminectomy for patients suffering from lumbar spinal
stenosis. The device is implanted between adjacent
spinous processes at the affected level reducing lumbar
extension, thereby limiting the increase of the lateral
recesses and central canal narrowing with lumbar
extension [Figure 1]. Inter-spinous devices allow flexion,
unrestricted axial rotation and lateral flexion, and
preserves much of the anatomy of the lumbar spine. The
operation is short and easy to perform, and can even be
carried out in lateral decubitus. For some elderly patients
with substantial comorbidities, this may be an additional
advantage (83, 84).
Kutcha et al. who studied 175 patients with LSS treated
with the implantation of an interspinous device, found
satisfactory outcomes in the short and long term (85).

Figure 1. Postoperative lateral radiograph of a 71-year-old male
after placement of an interspinous process distraction device at
L4-L5. The interspinous process device is a less invasive surgical
alternative to traditional lumbar laminectomy for patients suffering
from lumbar spinal stenosis.
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The visual analog scale score of leg pain was reduced
from 6.0 preoperatively to 3.9 at 6 weeks and 3.9 at
2 years postoperatively; Oswestry scores were 32.6,
22.7, and 20.3, respectively. In 8 patients, however, the
inter-spinous devices had to be removed and traditional
decompression performed. The authors pointed out that
the inter-spinous device does not replace microsurgical
decompression in patients with massive stenosis and
continuous claudication, but offers a safe, effective, and
less invasive alternative in selected patients with spinal
stenosis.
Efficacy of the inter-spinous device relies on the
structural integrity and strength of the spinous process,
which is designed to sustain tension as opposed to
compression loading. Kim et al. in a study of occult
spinous process fractures associated with inter-spinous
process implantation, reported a rate of nondisplaced
spinous process fractures of 28.9% (86). No patient
had reported a traumatic incident. No fractures
were identifiable on plain X-rays, and fractures were
identified only on postoperative CT scan. Only half of the
patients were symptomatic, but the authors indicated
that patients with fractures (both symptomatic and
asymptomatic) tended toward poorer outcomes. In a
later study, Kim et al. related the occurrence of spinous
process fracture after inter-spinous spacer implantation
to the preoperative presence of spondylolisthesis at the
operated level (87).

Spinal osteotomies, vertebrectomy. Anterior
approach.
Sagittal balance correction and anterior column
stabilization can also be performed through a posterior
trans pedicle or posterolateral approach. This method
avoids the need for sectioning the diaphragm, especially
advantageous in elderly patients with respiratory problems
(5). Through this approach, anterior column stabilization
can be achieved by posterior osteotomy (Smith-Petersen or
pedicle substraction osteotomy), vertebrectomy, and bone
grafting. The posterior spine is then stabilized using transpedicular screw fixation 2 to 3 levels above and below the
decompression.
A 360º fusion allows load-shearing and places less strain
on the posterior-only fixation, yielding a more stable
construct (53). Transforaminal lumbar interbody fusion
and posterior lumbar interbody fusion (TLIF, PLIF) are
additional techniques to provide greater anterior column
support that can be used alone or in combination with
a posterior spinal osteotomy to restore sagittal balance
and improve fusion rates.
Okuda et al. investigated the clinical and radiological results
of posterior lumbar interbody fusion with pedicle screws
for the treatment of L4-L5 degenerative spondylolisthesis
in patients older than 70 years of age, comparing them with
results in younger patients (88). No obvious differences in
the clinical results were observed between the age groups.
The prevalence of both collapsed union and delayed union
in the older group was significantly higher than that in the
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younger group. However, it did not appear to affect the
clinical results of the study.
In osteoporotic patients, careful vertebral endplate
preparation and adequate interbody implant size
selection are crucial for successful interbody fusion, as
interbody devices may subside in the weak osteoporotic
bone. Okuda et al. advocated for the preservation of
the osseous end plate and the use of a large amount
of bone graft for prevention subsidence (88). In
their series, all cases of subsidence occurred within
3 months after the surgery, but further progression
was not detected. Conversely, other authors have
recommended complete removal of the osseous end
plate to allow the implant and bone graft to rest on
cancellous bone (89).
Anterior instrumentation. An anterior approach to the
thoracolumbar spine may be used for decompression
of a retro-pulsed bone fragment in patients with
neurologic deficit, for anterior release with deformity,
and for short segment fixation. Reconstruction and
fusion can be achieved either by femoral ring bone
allograft, rib struts, iliac bone, cages filled with bone
graft, or bone substitutes. Anterior surgery allows
placement of bone graft under compression which
provides a mechanical advantage over posterior
surgery. Stabilization can be accomplished using rigid
anterior instrumentation.
In osteoporotic bone, anterior construct failure typically
occurs with implant loosening or with subsidence of the
interbody implant into the cancellous bone of the adjacent
vertebral body. Uchida et al. addressed anterior column
reconstruction using expandable strut-cage implants
in a group of 28 patients with osteoporotic vertebral
fracture (90). The greatest neurologic improvements
were seen in patients with wedge-type vertebral body
fracture, with middle and posterior columns relatively
intact, rather than in flat-type or concave-type collapse.
Fusion was confirmed in all cases. However, they found a
large mean subsidence of 2.5 mm into adjacent vertebral
bodies.
Vertebral interbody implant subsidence constitutes a
challenge in vertebral body replacement in patients with
osteoporosis. Furthermore, the potential mechanical
benefit of using anterior interbody devices must be
weighed against the increased risk to this fragile medical
population from increased operative time, blood loss,
and overall surgical risk (53).
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