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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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Clinical relevance of the osteoporotic aging spine

ccurrence and development of osteoporosis is a
Opainless process. The set of degenerative changes

appearing in aging spines in symptomatic patients,
are identical to those with degenerated spines in
asymptomatic subjects (1). However, profound inactivity
from a progressive and painful degeneration and
destabilization of the spine coupled with the pain and
inactivity from a symptomatic osteoporotic compression
fracture can lead to a downward spiral of further bone
loss and degeneration, more vertebral fractures, more
pain and inactivity.

The presence of osteoporosis in a degenerated spine
favors the occurrence of vertebral fractures and the
development of deformity and stenosis. Pain and
disability may be the clinical manifestation of the
presence of an osteoporotic aging spine. Clinicians
are responsible for the recognition, correlation and
interconnection the presence of degenerative changes
on the imaging studies with the clinical symptoms. It is
admitted that a degenerated spine can be completely
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asymptomatic and continue so. Imaging studies (X-ray, CT
scan, magnetic resonance imaging [MR]) and bone-scan
can identify the presence of degenerated zygapophyseal
joints and disc degeneration. However, imaging tests
have a limited clinical correspondence, since many of
these degenerative changes also appear in asymptomatic
patients, especially with aging (2).

Zygapophysial joint osteoarthritis, degenerative
changes in the discs, intervertebral space narrowing,
and bony remodeling due to osteoporosis they are
all degenerative changes associated with the aging
of the spine (1). These degenerative changes induce
to deformities in the vertebrae, modifications and
alterations in the stress distribution and the normal
alienation of the spine accountable for the occurrence
of degenerative segmental instabilities and subluxations
like spinal stenosis, degenerative spondylolisthesis, and
scoliosis. Degenerative spondylolisthesis and scoliosis
are generally asymptomatic, but they can associate or
aggravate a preexisting symptomatic spinal stenosis (3).
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As the population ages, fractures, stenosis, and
deformities become more common. The pathogenesis of
the occurrence and development of degenerative changes
of the spine is uncertain. The hereditary factor along with
the physical environment appears to be decisive. Physical
exercise, a balanced diet and proper postural hygiene and
ergonomic advices are the only means of prevention at
our disposal today.

Degenerative lumbar spinal stenosis

Neural canal stenosis is the narrowing of the spinal canal
with the intrusion of surrounding bone and soft tissue onto
the neural structures. Stenosis in the elderly is the result of
a combination of osteophyte formation from degenerated
zygapophysial joints, ligamentum flavum hypertrophy,
disc space narrowing, and circumferential bulging of
disc osteophyte complex instigated by remodeling of the
adjacent vertebral bodies due to osteoporosis. Stenosis
of the spinal canal occurs when the diameter of the canal
becomes too narrow for the thedural sac (4). Central and
lateral stenosis commonly develop simultaneously and
are the most frequent indication for surgical treatment in
adults above the age of 65.

Neurogenic claudication is the classic presenting
symptom of lumbar spinal stenosis. It refers to the
presence of pain and numbness in the legs that gets
worse when walking and is typically relieved by lumbar
forward flexion or sitting down. Other accompanying
symptoms are the presence of low back pain, and in
severe cases motor impairment of the lower limbs and
bladder and bowel dysfunction may appear.

The origin and pathogenesis of these symptoms is not
entirely understood. Compression of nerve roots together
with an ischemic environment due to the reduction or
even interruption of the local blood flow by compression
of blood vessels due to the narrowing of the neural canal
may be the cause of the neurological symptoms. Pain
and symptoms in the legs are typically relieved by sitting
and forward flexion of the lumbar spine. This could
occur due to the increase in the diameter of the neural
canal by the stretching and flattening of the ligamentum
flavum which occurs with lumbar flexion, thus relieving
the compression on the neurological structures and the
spinal blood supply (5-7).

Compression at more than one spinal level produces
venous congestion, insufficient arterial blood supply
and an ischemic environment of the neural elements.
Compromised autonomic innervations of the legs
may inhibit the appropriate vasodilation response to
increased muscle use, responsible for lower limbs pain
and numbness (7).

Imaging studies of the spine in patients with lumbar
degenerative spinal stenosis provide details regarding the
location and extent of stenosis; however, it is important to
remember that the severity of stenosis noted on imaging
studies often does not correlate with the severity of
symptoms. Schizas et al. (8) have recently proposed a
classification of spinal stenosis based on the morphology of
the dural sac as observed on MR T2-weighted axial images
of the lumbar spine. The classification is based on the
cerebrospinal fluid (CSF)/rootlet ratio as observed in axial
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T2 images and was formulated following observation of
the diverse configurations according to which the rootlets
were disposed within the dural sac on the MR. Description
of the rating goes from Grade A (From A1l to A4): minor
stenosis with CSF clearly visible inside the dural sac but
with an inhomogeneous distribution; Grade B: (moderate
stenosis) the rootlets occupy the entire dural sac, but they
can still be individualized and some CSF is still evident;
Grade C: (severe stenosis) no rootlets can be identifiable,
the dural sac demonstrates a homogeneous gray signal
with no CSF signal visible and epidural fat is present
posteriorly; Grade D: (extreme stenosis) no identifiable
rootlets, and there is no epidural fat posteriorly.

Natural history in patients with untreated lumbar spine
stenosis is not completely understood because there is a
lack of prospective randomized studies documenting the
clinical course. However, previous studies demonstrate
the superiority of the surgical treatment compared
with the conservative in the treatment of symptomatic
lumbar spine stenosis (9). Conservative management
of lumbar spinal stenosis includes activity modification,
physiotherapy, non-steroidal anti-inflammatory drugs,
bracing, and epidural injections. Conservative treatment
is usually useful in improving symptoms from neurogenic
claudication; however, it is commonly recognized that
surgery is indicated if conservative treatment fails (10).

Decompression is fundamental to the successful surgical
treatment of a stenotic segment, and is accomplished by
a thorough removal of all structures contributing to the
neurologic compression (11). The type of decompression
carried out will depend on the anatomic site of stenosis
and the patient’s symptoms. Extensive decompressive
laminectomy together with medial facetectomy and
foraminotomy is the standard procedure.

Limiting the decompression to the causative structures
would prevent further impairment and postoperative
instability. There is an emergent tendency toward
less aggressive decompression, preserving anatomical
structures and theoretically reducing the likelihood for
postoperative iatrogenic instability (4). The interspinous
process spacer offers patients with spinal stenosis a less
invasive alternative to laminectomy (12). The success rate
obtained in the elderly with these devices is similar to that
generally reported for decompressive surgery. Kondrashov
et al. compared the clinical outcome of interspinous spacer
versus laminectomy in a group of 30 patients undergoing
surgical treatment for lumbar spine stenosis (13). At the end
of the 4 years of follow-up, only 33% of the Laminectomy
group reported satisfactory results, compared with 78% of
the Interespinous group. However, the preoperative average
Oswestry Disability Index (ODI) scores in the interspinous
group were 25% greater (45 Vs. 36).

Interspinous process devices are a quite new technology,
and the indications and design are expected to improve.
Deyo et al. published a retrospective analysis comparing
the complications, costs, and revision surgery rates of
interspinous spacers and laminectomy or fusion surgery
in 99,084 patients (14). They found a reoperation rate for
spacer (16.8% at 2 years) that was significantly higher
than reoperation rates reported for patients having
decompression surgery (7.8% at 2 years). They suggested
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Tablel. Summary of reports of surgical treatment for degenerative lumbar disease using pedicle screws augmented with PMMA

Year of Number of Mean follow- Augmentation Cement
Author ublication patients/ up Diagnosis t%chni ue leakage Complications Reinterventions
P Mean age months q rate
- 1 cement
. . 1 Screw migration .
Singh etal. 2005 9/76.1 years 11.2 months Osteoporotlg fractllxre and Through biopsy 22.2% 1 Nonunion fracture extravasation
sponylolisthesis 9 needle 4 AVCFx removed-
laminectomy
Osteoporotic fracture 8 1 asymptomatic PMMA
Frankel et al. 2007 23/ 21 months s Donglolisthesis 5 Throughbiopsy 3 1, pulmonary embolus None
pinal malignancy 6 needle 2 Superficial wound
Revision surgery 4 infection
Osteoporotic fracture 32 Throush biops 1 Stroke 6th day postop.
Changetal. 2008 41/75.1 years 22.3 months Spinal stenosis 5 n ege dle psy 26.2% 2 Deep wound infection None
Spinal malignancy 4 1 AVCFx
1 Seroma.
Kim et al. 2008 20/60.5 years 15 months Osteoporotic fracture 20 Through biopsy None None Debridement
needle and secondary
suture
Osteoporotic fracture 6
Aydogan 2009 36/66 years 37 months Spinal stenosis 26 Through biopsy None 4 Sup_erflcna_l wound None
etal. Sponylolisthesis 3 needle infection
Spinal malignancy 1
Degenerat. spondylolisthesis 6
Moon etal. 2009 37/68.7 years 33.3 months Spondylolit. spondylolisthesis 5 Fepestrated 5.4% 1 Pedicle screw loosening 2 Dural tear
. : pedicle screws repair
Spondylotic stenosis 26
Group A: Group A: . Group A: Group A:
25/73 years 16.5m Osteoporonlc fracture 31 TBN 18.3% Group B: 1 post-operative
Huetal. 2011 Sponylolisthesis + stenosis 11 - None
Group B: Group B: Spinal malignancy 6 Group B: Group B: sciatica
23/74.6 years 159m P ghancy FPS 13.6%
Osteoporotic fracture 4 leﬁegeﬁ?i);lwixsg d
Amendola Degenerative disease 2 Fenestrated P .
2011 21/67.2 years 36.4 months > . - 23.8% infection 1PVCF
etal. Spinal malignancy 10 pedicle screws 1 DVT 7th day posto
Revision surgery 5 gay postop-
1 Cauda equina syndrome
Xie etal. 2011 116;'514 45.6 months Degenerative scoliosis Thro:eg: dll)éopsy 14.3% 1 Pneumonia None
Spinal stenosis 11 2 BmPChOSpa.SIn 3 Debridement
. : . Fenestrated 4 Adjacent disc
Pifiera etal. 2011 23/77 years 32 months Degenerat. sponylolisthesis 12 - 29.3% - for delayed deep
pedicle screws degeneration wound infection
2 Urinary infection
Sawakami Pedicle screws 2 Superficial wound 2 Fusion
etal 2012 17/73.8 years 33.6 months Vertebral pseudarthrosis 17 covered with None infection extension
. 1.0 mL PMMA 5 AVCFx
. 1 Delayed
Osteoporotic fracture 11 D
Zapatowicz Spondylodiscitis 1 Through biopsy 1 Pneumo'thoraxl spoqdylod}satls
2012 17/69 years 14.9 months . . 45% 1 Intraoperative pedicle reinfection.
etal. Degenerat. sponylolisthesis 4 needle
. . fracture Removal of loose
Spinal malignancy 1
screws
Lubansu Osteoporotic fracture 4 Percutaneous 1 ,:; r??:;?;;zdﬁgtnfeil:e
2012 15/71.2 years 13.3 months Degenerat. spondylolisthesis 5 fenestrated 30% isp None
etal. : - - - 1 Superficial wound
Spinal/foraminal stenosis 6 pedicle screws infection

TBN: Through biopsy needle; FPS: Fenestrated pedicle screws; AVCFx: Adjacent vertebral compression fracture; DVT: Deep venous thrombosis;

that interspinous implants might be a valid alternative for
those patients with high preoperative morbidity. On the
other hand, for patients of average surgical risk and longer
life expectancy, the increased reoperation rates with
interspinous devices might make the case for conventional
decompression surgery.

The extent of surgical decompression to carry out
on elderly osteoporotic patients complaining from

lumbar stenosis with instability must be determined
by a combination of a variety of clinical factors (age,
physiological status, or medical comorbidities) and
anatomical findings. In the presence of preoperative
instability (4 mm of translation or >102 of angular
motion between adjacent endplates on lateral flexion
and extension X-rays, spondylolistesis, or scoliosis),
or when laminectomy is accompanied by greater than
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50% resection of both facets or complete facetectomy osteoporosis that underwent spinal decompression and
of one side, fusion is generally recommended (14-18). fusion with PMMA augmented pedicle screws (19). There
A literature review shows conflicting results regarding was neither symptomatic cement leakage nor significant
the outcome of lumbar spine decompression and fusion screw migration after 2 years of follow-up.
surgery for spinal stenosis in the elderly. Ragab et al.
reported the results of 118 patients older than 70 years of Degenerative lumbar spondylolisthesis
age who underwent lumbar decompressive surgery (16). Degenerative spondylolisthesisis the forward displacement
Among the 45 patients who had posterolateral fusion, of one lumbar vertebra in relation to the caudal vertebra with
only 3 had pedicle screw instrumentation. Of the 118 an intact posterior arch. Slippage is more frequent in women,
patients, 109 reported satisfaction with the treatment and most usually occurs at the L4-L5 level. Degenerative
received, and found that in terms of morbidity, the results spondylolisthesis is considered to be the result of chronic
were comparable with those of a younger population. segmental instability with disk degeneration. This process

Instrumented spinal fusion in the elderly has been results in loss of ligamentous support due to ligamentous
problematic concerning the safety and efficacy of pedicle laxity with compensatory hypertrophy of the facet joints and
screws. Carreon et al. published a retrospective study in thickening of the ligamentum flavum. It seldom surpasses
with 98 patients above 65 years of age that underwent 30% of vertebral width and it is normally asymptomatic, but
decompression and instrumented fusion (17). They may end up compromising the neural canal aggravating a
reported at least one major complication in 21% of patients, preexisting spinal stenosis at the level of the slip, but also can
and at least one minor complication in 70%. An older age cause back pain and radiculopathy (5, 10, 20).
and an increased number of levels instrumented were found Diagnosis can be established by obtaining lateral
to be risk factors for the occurrence of major complications. radiographs of the lumbar spine and lumbosacral junction
Cassinelly et al. studied 166 patients older than 65 years, with the patient standing, in order to assess the grade of
including 18 patients older than 80, who were treated for displacement. CT scanning offers the best visualization
stenosis with decompression and fusion with (n=75) or of bony morphology. The MR will also determine the
without instrumentation (n=91) (18). They reported a condition of the intervertebral disc at the level of the
similar rate of minor complications in both groups (30%), spondylolisthesis, and exclude canal or foraminal stenosis
no deaths, and only one complication attributable to the use resulting in neural compression (21). Grading can be
of instrumentation. Advanced age, the presence of medical performed according to the Meyerding classification,
comorbidities, or the use of instrumentation did notincrease with Grade I to IV referring to 25%, 50%, 75%, and 100%
the rate of major or minor complications. displacement, respectively (22) [Figure 1].

However, in elderly patients, because of their poor The majority of patients with degenerative
bone quality, mechanical failures due to screw loosening spondylolisthesis will respond well to non-operative
represent a major concern. Chang et al. reported the treatment, including NSAIDs, epidural injections, and
results of a retrospective study including 41 patients with lumbar flexibility and strengthening exercises. Patients

AT P > £ 1 ddit
Figure 1. (A) lateral radiograph of a 78-year-old woman with neurogenic claudication. A Grade I L4 degenerative spondylolisthesis is present.
Sagittal (B) and transverse MRI cuts demonstrate central neural and foraminal stenosis at L4-L5 (C) with normal canal width cranial to the
stenosis (D). Lateral radiograph (E) obtained after laminectomy and L4-L5 instrumented arthrodesis with PMMA-augmented fenestrated
pedicle screws.
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with severe or persistent symptoms that interfere
significantly with quality of life, or those with neurological
deficit, may benefit from surgical decompression removing
all bony and soft-tissue pressure on their neural elements.

There is no universal agreement regarding the optimal
surgical approach for the treatment of degenerative
spondylolisthesis: current controversies include the
need for an additional fusion (either posterolateral or
interbody fusion) with or without instrumentation,
compared with decompression only. Lombardi et
al. reported on three groups of patients undergoing
surgical treatment for degenerative spondylolisthesis:
Group I underwent extensive spinal decompression
without additional spinal fusion; Group II underwent
extensive spinal decompression and fusion; Group III
underwent a more limited decompression with special
attention to maintain the zygapophyseal joint facets and
the pars interarticularis (23). Group I demonstrated the
worst results, with only 33% of good/excellent results.
Group II demonstrated the best results with 90% of
good/excellent results. Group III did not show such
positive results as Group II probably due to a suboptimal
decompression of neurological structures in an attempt
to preserve the zygapophyseal joint facets and the pars
interarticularis.

Patients with a relatively stable listhesis could be
safely treated by means of laminectomy without fusion.
Presently, the consensus in the literature is that neural
decompression with fusion demonstrates superior results
to decompression alone in terms of better functional
outcome due to the lessening of symptomatic instability.

When fusion is performed, many authors recommend
including instrumentation to improve fusion rates, reduce
postoperative activity limitations, and improve patient
outcomes. Fischgrund et al. published a randomized
prospective study comparing the results of decompressive
lumbar laminectomy and posterolateral fusion with
or without instrumentation, and were evaluated for
a mean of 2 years after surgery (24). Transpedicular
instrumentation significantly improved the fusion rates
(82% of the instrumented cases versus 45% of the non-
instrumented cases). However, clinical outcome assessed
in terms of pain relief and increase in activity showed no
improvement with the addition of instrumentation. These
findings are similar to the findings in previous studies
in which the radiographic fusion rate did not correlate
with the clinical result. The question of which group of
patients may substantially benefit from the addition of
instrumentation remains unanswered.

Degenerative scoliosis

Scoliosis in adults can be primary degenerative scoliosis
due to an asymmetric degenerative disc and facet joint
osteoarthritis leading to a rotatory disorganization
and destabilization of the spine; idiopathic adolescent
scoliosis which progresses in adult life; a secondary adult
curve to an oblique pelvis, leg length discrepancy, hip
pathology, lumbosacral transitional abnormalities; or be
caused by osteoporosis combined with vertebral fractures
and asymmetric arthritic disease. Nevertheless, once the
curve has significantly progressed, at times it is laborious
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to know the exact the etiology of deformity (25, 26).

Degenerative adult scoliosis induces more unbalanced
degeneration and loading, generating a downward spiral
thatenhances curve progression. The destruction of discs,
facet joints, and joint capsules ends in a 3-dimensional
rotational or translational dislodgment. The biological
response to an unstable spine is the development of
zygapophyseal joints and vertebral endplate osteophytes,
and hypertrophy and calcification of the ligamentum
flavum, all leading to an increasing narrowing of the
lumbar canal, thus creating central and lateral lumbar
spine stenosis (25, 27).

Patients suffering from adult degenerative scoliosis may
present constant and non-specific back pain that usually
appears only with the standing position, alleviating with
the patient lying down flat or on their side, when the axial
load is taken off the spine. Other important symptoms
can be radicular pain, neurogenic claudication, and
neurological deficit, including cauda equina syndrome
with bladder and rectal sphincter involvement.

Severe rotation of the apical vertebra, a Cobb angle of
302 or more, lateral vertebra translation of more than 6
mm, or a position of L5 above the intercrestal line have
all been discussed as features that are predictive of curve
progression in patients with lumbar degenerative scoliosis
(5, 28, 29). Osteoporosis is another major consideration
in the management of adult degenerative scoliosis.
Degenerative curves become progressive as a result of
the asymmetric load on weakened vertebrae, which
becomes progressively more wedged and deformed. With
the progression of the deformity, the patient may become
more symptomatic (26).

Non-surgical treatment options essentially reside in
musclerelaxants,anti-inflammatory drugs, physiotherapy
and light physical exercise, eluding manipulations and
vigorous activities that may increase the symptoms.
Epidural injections and selective zygapophysial joint
blocks could help to alleviate the symptoms temporarily.
Frequently a well-fitted brace to support the symptomatic
lumbar spine area can be also helpful.

There are conflicting reports regarding the need for spinal
surgery in this patient population. The indication for surgery
and the type of surgery to carry out involve complex decision-
making. Unquestionably, surgical treatment would only be
indicated if conservative treatments fail. The indication for
surgical treatment must be also conditioned by the patient’s
general health, the age of the patient, the coexistence of
osteoporosis or other disorders affecting the patient’s bone
quality (metabolic and nutritional disorders), and also must
be taken into account the expectations of the patient.

Available surgical options for adult degenerative scoliosis
include anterior, posterior, and combined approaches. In
cases with central or lateral stenosis and symptomatology
referred mainly to the lower limbs and without one greater
lumbar component, a simple and limited decompression
can be performed. However, if significant sagittal
plane imbalance or lateral listhesis of 5 mm or more is
present, wide and multilevel decompression is needed.
Decompression should be accompanied by instrumented
stabilization to avoid the risk of postoperative curve
progression (5, 28, 29) [Figure 2].
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Figure 2. (A) coronal preoperative CT reconstruction of a 73-year-
old woman who had severe degenerative adult scoliosis of the
thoracolumbar spine. Postoperative posteroanterior (B) radiograph
demonstrating correction obtained following a posterior-only
approach with the use of a dual rod construct and PMMA-augmented
fenestrated pedicle screws. Pelvic fixation was used because of the
long thoracolumbar fusion and the need to fuse across the L5-S1
disc space.

In some complex but favorable cases, vertebral
osteotomies or sequential segmental correction
and instrumentation may be considered. In patients
requiring extended constructs for correction and
stabilization, special attention must be given to spinal
balance and local shearing among implants, especially
in the presence of osteoporosis. In such patients,
significant loads can be placed on mechanically
compromised points of fixation and can lead to
implant or adjacent segment failure (5).

The outcomes of surgical treatment for adult spinal
deformity have evolved considerably over the past years.
Correction of the deformity may vary between 30 to
60% mostly depending on the nature of the deformity,
the rigidity of the curve and the surgical procedure. In
spite these limited clinical results, patient satisfaction
is significantly favorable and can reach up to 90%. If
coronal and sagittal balance is achieved and preserved
with a firm fusion, the results are generally satisfactory.
However, adult patients have an increased risk of
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suffering surgical complications compared to young
patients. Pain is rarely completely relieved, with residual
pain in 5 to 15% of operated cases. Major complications
include pseudarthrosis (5 to 27%), thromboembolism
(1 to 20%), neurologic injury (1 to 5%) and infection
(0.5 to 5%). Mortality remains low but not unimportant
atless than 1% (5, 26, 30, 31).

Osteoporotic vertebral compression fractures.
Degenerative sagittal imbalance

Both osteoporosis and the occurrence of fractures
associated to the presence of bone fragility are the
most frequent cause of morbidity and mortality in
elderly patients. The lifetime risk of fracture due to
bone fragility is 15-30% in men and 30-50% in women
(32). In most western countries, low bone mass and
the associated risk of fragility fracture is one of the
major health concerns affecting already almost half of
the elderly population (33).

Spinal fractures are the most frequent condition
resulting from osteoporotic disease, and an indicator
of excess morbidity and mortality. Patients with spinal
fractures have a significant increase in morbidity and
mortality in juxtaposition with a population with the
same risk factors by sex and age. Direct consequences
of vertebral fracture include chronic pain, decreased
range of motion, slower gait, and compromised
pulmonary function (34).

In subsequent years after the occurrence of one
or more vertebral fractures, it has been reported a
detriment in the functional health status from 17 to
44%, and an increase in the mortality incidence from
62 to 95 per 1000 person-years (35). Early detection
and appropriate therapy for patients suffering
vertebral fracture may decrease the deterioration in
their physical function (36).

Vertebral compression fractures put patients with
osteoporosis at much greater risk for developing
local and global changes in spinal sagittal balance
due to kyphotic deformities and spinal stenosis
secondary to imbalance and degenerative changes
(37). Furthermore, symptomatic neurocompression
caused by osteoporotic fractures can occur, and range
from the slow development of a subacute paralysis
that gradually and slowly degenerates to complete
paraplegia, to the less frequent occurrence of an acute
paraplegia generally after an acute crush fracture (38).
The first is usually associated with delayed vertebral
collapse and progressive kyphotic deformity.

Percutaneous spinal cement augmentation procedures
are minimally invasive techniques for the treatment of
osteoporotic vertebral fractures that do not respond
to conservative treatments. Bone cement used for
vertebroplasty and balloon kyphoplasty immediately
stabilizes the fractured vertebral body, enhancing
loading capacity and relieving pain [Figure 3]. Many
studies have reported satisfactory reductions in clinical
symptoms caused by vertebral compression fracture on
a short- and long-term basis after vertebroplasty and
balloon kyphoplasty (39-42).

Hulme et al. conducted a systematic literature review
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Figure 3. Intraoperative fluoroscopy AP and lateral views of an 83-year-old woman with osteoporotic compression fractures on L1 and
T10. Bone cement used for vertebroplasty and balloon kyphoplasty immediately stabilizes the fractured vertebral body, enhancing loading

capacity and relieving pain.

of 69 peer-reviewed published studies analyzing
vertebroplasty and balloon kyphoplasty for the treatment
of vertebral fractures (43). They reported eloquent pain
relief (87% vertebroplasty; 92% balloon kyphoplasty)
and amelioration in physical function (ODI fell from 60%
preop to 32% postop).

Extravertebral cement leakage is the most frequently
reported complication and is the major risk after
vertebroplasty and balloon kyphoplasty. It s
generally clinically asymptomatic; however, cases of
major complications and death have been reported.
Complications due to cement extravasations outside
the vertebral body include pulmonary embolism,
cement into the vena cava, heart and kidneys, spinal
cord compression, and foraminal leaks producing
nerve root compression requiring surgery for
decompression (39-42). Another important question
is the risk of fractures in adjacent-level vertebrae.
A significant increase in the incidence of new painful
fractures of adjacent vertebral bodies in patients with
bone cement leakage has been recently reported (44).

Multiple compression fractures lead to a progressive
kyphosis, loss of stature and paraspinal muscle
shortening. To maintain a more erect and correct posture,
a prolonged and active muscle contraction is required,
and this may aggravate a preexisting generalized back
pain. This generalized back pain can cause patients
to limit their activity and an outstanding detriment in
their quality of life (45). Vertebroplasty and balloon
Kyphoplasty offers a very limited or any kyphosis

correction, and does not appreciably contribute to the
restoration of sagittal balance. This fact could restrain the
medium and long term effectiveness of less invasive and
percutaneous techniques, thus supporting the indication
and convenience of more aggressive and complex surgical
techniques for the restoration of the sagittal balance. The
importance of the restoration of the sagittal balance lies
in that it represents the most reliable and determinant
predictor of clinical symptomatology [Figure 4]. Kim et al
evaluated the improvement of 32 patients thatunderwent
surgery for osteoporotic spinal deformity (46). At two
years’ follow-up, 94% of the patients admitted subjective
improvement of symptoms; 70% of patients reported
a decrease in pain scores (Visual Analogue Scale); and
54% of patients an improvement in associated disability
(Oswestry Disability Index). However, in spite of these
mid and long term promising results, a large number
of patients reported the occurrence of short-term
complications (37.5%), and even three patients required
additional surgery to treat these setbacks.

Osteoporotic spinal deformities aggravated by
the presence of global sagittal imbalance may have
catastrophic consequences on patients. However,
their surgical correction implies high complexity and
high risk of complications, which requires a previous
rigorous and sensitive assessment of the possible risks
and benefits of their treatment (47).

Osteoporosis and spinal surgery complications
Previous clinical studies have reported peri/
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Figure 4. (A-B) posteroanterior and lateral radiographs of a 77-year-old woman with Parkinson disease, progressive sagittal and coronal
imbalance and neurogenic claudication. Note L5 vertebroplasty. (C-D) sagittal CT and MRI demonstrating a L3 osteoporotic compression
fracture severely affecting the patient’s global sagittal alignment. (E-F) postoperative posteroanterior and lateral radiographs demonstrating
correction obtained following posterior-only approach with an L3 pedicle substraction osteotomy, a dual rod construct with thoracic spine
sublaminar wires and proximal and distal PMMA-augmented fenestrated pedicle screws, L5-S1 interbody fusion and pelvic fixation.

postoperative complication incidences when operating
on patients with adult spinal deformity and poor bone
quality of up to or more than 40%. However, to the
present day there are still very few studies evaluating
the incidence and specific types of complications
associated with its surgical treatment.

Carreon et al. reported the results of a study examining
the rate of perioperative medical complications in 98
elderly patients who underwent posterior decompression
and lumbar arthrodesis with instrumentation to
treat degenerative disorders of the spine (17). The
mean age was 72 years (65 to 84 years). Perioperative
complications occurred in 78 patients (79%). Twenty-
one patients (22%) had at least one major complication
including 2 deaths both from postoperative wound
sepsis, and 69 had atleast one minor complication (70%).
The most frequent complications were wound infection
(10%) among the major complications and urinary
tract infection (34%) among the minor complications.
A greater blood loss, a prolonged operative time, a
greater number of levels fused, and an older age, all were
associated with an increased occurrence of perioperative
complications. The presence, type, or number of
preoperative medical conditions was not related to the

occurrence of complications. This finding is similar to
that of Benz et al., who reported that the presence of
associated medical diseases did not affect the incidence
of postoperative complications (48). However, other
studies showed that the prevalence of postoperative
morbidity increased as the number of premorbid
diseases increased (49-51).

De Wald and Stanley revised 47 procedures
in 38 patients to investigate the occurrence of
instrumentation-related complications in multilevel
fusion surgery for adult spinal deformity patients
above 65 years ofage (52). The mean follow-up interval
was 30 months. They found that spinal deformity
correction in patients with bone fragility had early
(<3 months) complications including pedicle fractures
and adjacent vertebral body compression fractures
above and below constructs with a net incidence of
13%. They found late complications (>3 months) to
include pseudoarthrosis with rod breakage (11%),
screw loosening (7%), acute disc herniation above the
last instrumented level (4%) [Figure 5], pelvic fixation
prominence (11%), and progressive junctional
kyphosis at the cephalad portion of the construct
(26%).0ne major adverse event, which usually leads to
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Figure 5. Sagittal T2-weighted MRI image demonstrating L2-L3
acute disc herniation above the instrumentation.

reoperation, is junctional kyphosis. Kim et al. reported
the risk factors for the occurrence of postoperative

OSTEOPOROTIC SPINE

sagittal imbalance in long lumbar spinal fusions in
adults (51). Sagittal imbalance greater than 5 cm, a
102 smaller lumbar lordosis than thoracic kyphosis at
8 weeks postop, and an age above 55 years and with
associated comorbidities, were considered to be at
extraordinary risk. The reestablishment of a balanced
sagittal spine is deemed to be the most relevant factor
of preventing junctional imbalance (53).

Not all patients with proximal junctional kyphosis
are symptomatic. Glattes et al. reviewed the X-rays and
clinical outcomes of 81 consecutive adult deformity
patients to determine the occurrence of proximal
junctional kyphosis and its effect on patient outcomes
(54).Mean follow-upwas 5.3 years. Incidence of proximal
junctional kyphosis was 26%, but SRS-24 scores were
not significantly affected. No patient, radiographic, or
instrumentation variables were identified as risk factors
for developing proximal junctional kyphosis. However,
if the resulting loss of correction and progressive
imbalance is caused by an adjacent vertebral body
compression fracture, or fracture-subluxation, this may
in time lead to muscle pain or further fracture, requiring
an extension of the spinal fusion [Figure 6].

In cases of long fusions, the use of a rod that has a
short taper to a smaller diameter so called transition
rod, at the top end, and the addition of prophylactic
vertebroplasty at segments immediately cranial and
caudal to instrumentation have been advocated with
the justification of eluding junctional segment fractures
(55). Aydogan et al. used prophylactic vertebroplasty
augmentation in segments proximal and distal to
multilevel instrumented fusion to avert junctional
segment fractures (56). The average age of the patients
was 66 (59 to 78) years. All patients had the T-score
value of less than -2.5. There were no proximal or

alk '

Figure 6. (A) postoperative lateral radiograph of a 71-year-old woman who had laminectomy and L4-L1 fusion with PMMA-augmented
fenestrated pedicle screws. (B) early follow-up lateral radiograph demonstrating loss of correction and progressive imbalance caused by
failure of the instrumentation at the upper-instrumented vertebra with vertebral body compression fracture. (C) the fusion was extended to
T6 using bilateral pedicular screws and sublaminar wires. (D) failure of instrumentation occurred again at the upper-instrumented vertebra.
(E) fusion was re-extended to T4 with thoracic spine sublaminar wires. Satisfactory profile in both frontal and sagittal planes were obtained.
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distal junctional segment fractures observed during
the follow-up course. They argue that these additional
vertebroplasties could serve as a possible means of
avoiding junctional fractures. This opinion requires
investigation before it can be confirmed, since
additional vertebroplasty augmentation has been
recently associated with further and more severe spinal
fractures (57).
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