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ABSTRACT

Background: Osteoporosis is a condition that is commonly encountered, with increasing diagnosis by the medical
community with the aging population. Osteoporosis leaves patients susceptible to fragility fractures in the vertebrae and

is also associated with degenerative changes, both of which may require intervention from a spine surgeon. The goal of
this review is to concisely outline special nonoperative adjuncts, as well as preoperative, intraoperative, and
postoperative considerations of osteoporotic patients undergoing spine intervention.

Methods: A literature analysis was completed for this narrative review. A database search of PubMed and Google
Scholar was conducted using ‘‘osteoporosis’’ combined with ‘‘spine,’’ ‘‘spine surgery,’’ and ‘‘spinal fusion’’ without
exclusion based on publication date. Articles were screened to exclude duplicate articles and screened for their full text
and English language availability.

Results: The database search yielded recent publications from which the narrative review was completed.
Conclusions: Preoperatively, screening is traditionally completed with dual-energy x-ray absorptiometry

(DEXA). Pharmacological therapy modalities currently include teriparatide, raloxifene, denosumab, bisphosphonates,

and calcitonin. In order to prevent operative complications associated with osteoporosis, surgeons have found success in
increasing the diameter and the length of pedicle screws, limiting pedicle tapping, achieving bicortical or even tricortical
purchase, augmenting with polymethyl methacrylate, using iliosacral stabilization, preventing positive sagittal balance,

and using adequate fusion products when necessary. Postoperatively, it is important to implant a care plan that includes
adequate pain control and necessary care, and to understand risks associated with falls may increase risk of
postoperative fragility fractures as well as instrumentation displacement. At this time there are no recommendations in
regard to bracing in the postoperative setting.

Clinical Relevance: This review article outlines the most current evidence-based medicine with regard to
considerations in spine surgery of the osteoporotic patient, and aims to bring about new questions to be investigated in
that paradigm.
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INTRODUCTION

According to the National Osteoporosis Foun-

dation over 50 million Americans have low bone

density. This is measured by a decrease in the bone

mass per unit volume (volumetric density, g/cm3) or

per unit area (areal density, g/cm2) and can be the

primary reason for an osteoporotic fracture. Fifty

percent of individuals older than 50 years of age are

at risk for osteoporotic fractures that can signifi-

cantly increase mortality and morbidity.1 Low bone

density can ensue when there is an imbalance

between bone resorption and formation. Several

factors contribute to the prevalence and severity of

losing bone mass, such as female sex, tobacco use,
alcoholism, older age, genetics, and poor nutrition.
Consequently, this skeletal fragility increases a
patient’s susceptibility to fractures. Approximately
14% of males and 40% of females over the age of 50
will suffer from an osteoporotic fracture.2 Of these
fractures, the highest incidence and prevalence are
those involving the spine. An estimated 1.5 million
vertebral fractures occur every year in the elderly
population and usually in the thoracolumbar
junction.3 With an ever-growing geriatric popula-
tion, the health care system is susceptible to an
increased financial burden. It is expected that
osteoporotic fractures will have an estimated annual

 by guest on May 1, 2025https://www.ijssurgery.com/Downloaded from 

https://www.ijssurgery.com/


economic burden of over $25.3 billion by 2025.3 We
can mitigate these projected outcomes by prevent-
ing, diagnosing, and treating patients before frac-
tures occur.

The basic multicellular unit in the context of
osteoporosis consists of osteoclasts, osteoblasts,
osteocytes, and bone-lining cells. The skeleton is
constantly undergoing remodeling, which incorpo-
rates both bone deposition (positive balance) and
bone resorption (negative balance). If the basic
multicellular unit is compromised toward a state of
sustained negative balance, a state of osteopenia
and, ultimately, osteoporosis may ensue. Bone
mineral density (BMD) has traditionally been an
indicator of bone metabolism and turnover.4

Osteoporosis is the most severe form of decreased
BMD. It is characterized as 2.5 standard deviations
below the average population BMD (T score less
than 2.5).5 Osteopenia is a range of bone loss
between normal BMD and osteoporosis. Since
osteoporosis is generally a disease of the geriatric
population, screening is recommended by the
United States Preventive Services Task Force for
women above the age of 65. Screening for osteopo-
rosis entails calculating the BMD by imaging
protocols of the hip and spine. The most common
technique is dual-energy x-ray absorptiometry
(DEXA), which takes advantage of an x-ray’s
sensitivity to the calcium found in bone. Other
radiographic techniques such as quantitative ultra-
sound and computed tomography (CT) can be
applied in certain instances.6 Osteopenia is consid-
ered an early stage of osteoporosis based on BMD
measurements, and optimistically, before any de-
crease in bone mass, interventions should be
implemented. Thus, a fracture can be avoided by
regular counseling, lifestyle changes, vitamin D and
calcium supplementation, physical activity, and
pharmacological intervention (ie, bisphosphonates).

Preoperative Considerations

There are 3 types of osteoporosis: postmenopaus-
al, senile, and secondary osteoporosis. Postmeno-
pausal osteoporosis includes women who are 50–60
years of age or men with hypogonadism. As
estrogen and testosterone are bone protective by
stimulating apoptosis in osteoclasts, attenuation of
these will shift bone metabolism toward negative
balance.7 Senile osteoporosis includes both men and
women above the age of 70. There is an overall
decrease in body mass index (BMI) that occurs with

aging and associated decrease in protein production,
as well as a decrease in the hydroxyapatite necessary
for bone remodeling.8 Okuda et al9 found that
patients older than 70 years of age who underwent
posterior lumber interbody had a higher rate of
delayed union than those who were younger.
Secondary osteoporosis includes patients who have
an underlying medical or iatrogenic condition
resulting in decreased BMD. For example, hor-
mones such as parathyroid hormone (PTH) or
glucocorticoids play a role in decreasing BMD by
increasing rate of calcium resorption or decreasing
production of hydroxyapatite, respectively.8

Risk factors for osteoporosis include history of
nonpathological fragility fractures of the wrist, hip,
spine, or proximal humerus; current cigarette use;
excessive alcohol consumption; family history of
osteoporosis or fragility fractures; low BMI; rheu-
matoid arthritis; kidney transplant; hypogonadism;
sedentary lifestyle; chronic glucocorticoid use;
chronic renal failure; hypovitaminosis D; gastroin-
testinal malabsorption or eating disorder; and
exaggerated thoracic kyphosis.10–12

Prior to spine surgery, risk factors for osteopo-
rosis should be reviewed with the patient and
reduction of modifiable risk factors should be
attempted (ie, cigarette smoking).8 Increasing peak
bone mass with adequate intake of calories as well
as calcium and vitamin D along with resistance
exercises may prevent progression to osteoporosis.10

Low levels of 25(OH) vitamin D (25OHD) are
found in 40%–90% of adults and is strongly
associated with osteoporosis. Risk factors for
hypovitaminosis D include age greater than 50
years, current tobacco use, BMI greater than 30,
and lack of vitamin supplementation.8 Additionally,
patients with osteoporosis undergoing spine surgery
should be counseled on potential risks and compli-
cations (Table 1).8

Diagnostic Modalities and Radiographic Findings

Nonradiographic evaluation of osteoporosis in-
cludes bone turnover markers, which include, but
are not limited to, serum alkaline phosphatase,
serum osteocalcin, serum calcium and phosphate,
serum 25OHD, and urine collagen cross-linked
degradation products. Calcium and phosphate
levels also provide insight on potential etiology of
osteoporosis.10 Currently, bone turnover markers
are not recommended for routine diagnostic pur-
poses because they have not demonstrated predic-
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tive value of bone mass or fracture risk.13 However,
certain bone turnover factors such as procollagen
type 1 and tartrate-resistant acid phosphatase 5b
have been shown to be associated with risk for
nonunion.14 Clinically, the best established use for
using biomarkers is to monitor medical interven-
tion. There is a significant reduction in bone
resorption markers within 4 to 6 weeks and an
increase in bone growth markers in 2 to 3 months
after initiating therapy.15

In the past BMD was measured with dual-photon
absorptiometry, using a 153Gd source. This modality
was found to be a sensitive way to measure the age-
related loss of cancellous bone.15 This modality,
however, has fallen out of favor in use and has
largely been replaced by DEXA. The DEXA
advantages include a shorter scanning time and
higher resolution. DEXA has been shown to be an
accurate and reproducible modality to measure
BMD in the lumber spine as well as the whole
body; however, it is also useful in measuring
nonbone lean mass and fat mass, which may be
used as a modality in evaluating sarcopenia and
cachexia.16

DEXA has become the standard of care for initial
assessment of BMD as well as follow-up after
therapy.10 Traditionally, DEXA is used to measure
BMD of the proximal femur, distal radius, and
lumbar spine in the posterior-anterior plane. Lateral
DEXA for the lumbar spine has also been estab-
lished for a more sensitive measurement of age-
related bone loss; however, the measurements in this
plane are not as precise secondary to issues with
patient positioning.17 The World Health Organiza-

tion (WHO) recommends screening for postmeno-
pausal women and patients with risk factors of
osteoporosis with DEXA and metabolic panel
testing.10,11 The American College of Radiology
also recommends asymptomatic men aged 70 and
older undergoing consideration for spinal surgery to
be screened with DEXA.8,11 The International
Society of Clinical Densitometry has also published
guidelines for DEXA screening in premenopausal
women, men younger than 50 years of age, and
children.12

Other modalities for evaluation of BMD include
quantitative computed tomography (QCT), quanti-
tative ultrasound (QUS), and measurement of
Hounsfield units (HU) on CT of the lumbar spine.
QCT techniques exist in both single-slice and
volumetric analysis. While volumetric analysis
techniques have more precision, they also carry a
higher radiation dose than the single-slice tech-
nique.12 QCT has been shown to have some
advantages over DEXA.11,18 In the spine, QCT
offers a volumetric analysis of trabecular BMD. As
the effects of osteoporosis occur earlier and to a
greater degree on trabecular bone, QCT is able to
detect changes in BMD earlier than DEXA.17 Due
to is its properties of areal measurement, DEXA
may underestimate BMD in patients with a small
body frame.12 DEXA may also fail to diagnose
osteoporosis in patients with obesity, large bony
spurs, sclerotic changes of the spine, or aortic
calcification.12,18 QCT is able to overcome these
deficiencies as it can measure the trabecular bone
quality without superimposition of cortical bone or
other tissues.17,18 In the setting of spine surgery,
QCT offers information on suitability of bone for
interpedicular fixation. It has been demonstrated
that BMD less than 90 mg/mL increases likelihood
of early loosening of screws, while BMD greater
than 120 mg/mL makes this less likely.19 It has also
been shown to be more useful in children.11

Limitations of QCT include the high costs and
radiation exposure to the patient.18 The current
recommendations of using QCT over DEXA
include patient populations with expected severe
degenerative changes of the spine, patients with
body habitus of either extreme, or a need for a high-
sensitivity study to follow metabolic changes in
bone from medical therapy.12

The HU measurement on CT of the lumbar spine
has been shown to have significant correlation with
BMD.10,18 HU is a measurement of radio-density

Table 1. Nonmodifiable and modifiable risk factors for osteoporosis when

considering preoperative optimization of patient for spine surgery.

Risk Factors

Nonmodifiable
History of nonpathological fragility fracture
Transplantation recipienta

Gastrointestinal malabsorptiona

Hypogonadisma

Exaggerated thoracic kyphosis
Rheumatoid arthritisa

Chronic renal failure
Modifiable
Current tobacco use
Chronic glucocorticoid use (. 3 mo)a

Sedentary life style
Low body mass index
Alcoholism
Eating disorder
Alcoholism
Hypovitaminosis Da

aCause of secondary osteoporosis that may be modulated with pharmacology.
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that is traditionally used by radiologists for
interpretative purposes. More dense tissue will have
greater absorption of x-rays and will appear
brighter on CT imaging.20 Kim et al18 found that
HU measurement on lumbar CTs was sensitive
(93.4%) and specific (87.5%) in single measurement
to assess BMD in osteoporosis. HU calculation is
readily accessible on a picture archiving and
communication system. A lumber spine CT is
routinely obtained in preparation of spine surgery,
use of HU offers no additional cost or radiation to
the patient.18

The limitation of BMD measurement has shifted
some focus to bone quality with novel imaging
biomarkers including high-resolution peripheral
QCT, QUS, and magnetic resonance spectroscopy
of bone marrow. The high-resolution peripheral
QCT has been developed for imaging of the distal
radius and tibia. Similar to QCT, it is able to
distinguish trabecular and cortical bone; however, it
is also able to appreciate the architectural lattice of
the aforementioned bone. Structural analysis has
shown to be useful in identifying risk of fragility
fractures, as well as monitoring therapeutic inter-
vention. QUS is a cost-effective technique, which is
performed on the calcaneus to determine the
velocity and amplitude of the ultrasound signal.
The velocity decreases and amplitude increases with
reduced BMD. Although QUS has demonstrated
the ability to assess bone quality by predicting
fractures, there is low correlation between QUS and
DEXA. Currently, QUS is not recommended to
diagnose or monitor osteoporosis. Lastly, magnetic
resonance spectroscopy may be used as a modality
to assess bone quality as it can measure bone
marrow fat content, which has been noted to
increase with decreasing BMD.12

Scoring Systems

DEXA is currently the standard for measuring
BMD in the spine, proximal femur, and distal third
of the forearm. The T score is the standard
deviation relative to the BMD of a healthy
population. A T score of the proximal femur or
lumbar spine greater than�1 correlates with normal
BMD; between�1.5 and�2.5 and less than�2.5 are
defined as osteopenia and osteoporosis, respective-
ly.12,19,21 In premenopausal women and men under
50 years old, the International Society of Clinical
Densitometry has developed Z scores, which com-
pare BMD of the patient to that of the average

BMD of their age population. A Z score less than�2
corresponds to BMD below what is expected for the
patient’s age.12

The Fracture Risk Assessment tool (FRAX) is a
questionnaire developed by WHO to characterize
the 10-year probability of hip fracture or major
osteoporosis-related fracture.15,21 Although verte-
bral body fractures occur earlier than, and are twice
as common as, hip fractures associated with low
BMD, the current WHO guidelines build criteria
and FRAX risk based on BMD calculated by
posterior-anterior (PA)-DEXA of the femoral
neck.12,17 The FRAX also considers clinical risk
factors that are discussed below and it is only
compatible with DEXA.12

The American College of Radiology has intro-
duced separate guidelines for the use of QCT-
measured BMD values in evaluation of osteoporo-
sis. BMD values greater than 120 mg/mL corre-
spond to normal values and BMD values ranging
from 120 to 80 mg/mL and less than 80 mg/mL
correspond to osteopenia and osteoporosis, respec-
tively.12,17 T scores are not traditionally used for
QCT as there would be an overdiagnosis of
osteoporosis.12 The reasoning for this is 2-fold.
First, QCT is more sensitive to the physiologic age-
related changes to bone. With aging, the trabecular
bone is first to lose BMD and because QCT
measures the trabecular bone separately, these
changes will result in larger changes in BMD with
aging relative to PA-DEXA measurements. Second,
artifacts such as large BMI, prominent osteophytes,
and aortic calcifications may falsely elevate PA-
DEXA measurements of BMD.17

There are currently no scoring systems that use
HU to classify osteoporosis. However, Kim et al18

demonstrated that the cutoff values for osteoporosis
of HU when compared to QCT and DEXA of the
spine were 146 and 95, respectively. The sensitivity
and specificity were highest in the QCT comparison
group with 94.4% and 87.5%, respectively.18 There
are currently no values that have been studied for
HU that describe the range for osteopenia.

Structural Integrity

Increased bone loss in the spine is most com-
monly manifested as vertebral fractures. Approxi-
mately two thirds of vertebral fractures do not come
to clinical attention and are asymptomatic; the
remaining present with back pain, height loss,
muscle spasm, and other impairment.6 Additionally,
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having a previous fracture strongly increases the risk
of a subsequent fracture and can lead to chronic
pain. The deformities that arise from osteoporotic-
specific fractures can be classified into 3 groups.5

The most common are wedge fractures that occur
by hyperflexion injuries that lead to anterior height
loss. In biconcave fractures, the middle portion of
the vertebral body collapses with little effect on the
anterior and posterior walls. Lastly, crush fractures
result in spine collapses that ultimately cause pain,
deformity, and loss of height (Table 2). The vast
majority of these fractures result from minimal
trauma in patients with osteoporosis and can lead to
progressive loss of stature, fatigued muscles, verte-
bral deformities, pulmonary malfunction, protuber-
ant abdomen, and early satiety and weight loss.

Mechanical damage and hormonal changes that
occur in the elderly population can affect the bone
remodeling process. Factors such as PTH, vitamin
D, calcitonin, estrogen, and cytokines are relevant
in stimulating bone growth via activation of
osteoblasts that lay down new bone.22 Factors that
influence osteoclasts to resorb old bone include
tumor necrosis factor, receptor activator of nuclear
factor kappa B, and insulin growth factor-1.22 When
these factors are not balanced, bone density is
altered, and the trabecular histological microstruc-
ture can be seen to be disrupted. Bone density starts
to decrease when the trabeculae thin and disconnect
from one another to form a more perforated bone.
Once a fracture occurs, adipocytes, vasculature,
neuronal pathways, and bone marrow are altered
and microcalluses can form, thereby further affect-
ing the quality of bone. Additionally, fractures
result in the initiation of an active remodeling
process. This involves resorption of necrotic bone
and cartilage, endochondral bone formation, and
revascularization of the area.

When the combination of low bone density and
distorted spinal torque are combined, osteoporotic
vertebral fractures occur. Axial forces that are
greater than the forces the vertebral body can

tolerate lead to compression or burst fractures.
These fractures alter spine biomechanics, which in
turn may result in additional fractures, progressive
deformities, and other complications beyond the
spine.23

Impact of Osteoporosis on Surgical Outcomes

The decreased BMD of osteoporotic patients not
only subjects them to an increased incidence of
vertebral degeneration and fracture compared to
their nonosteoporotic counterparts, but also makes
them a particularly challenging population to
undergo spine surgery. These challenges may limit
successful outcomes or increase risks of complica-
tions. Successful spine surgeries, in all aspects
including stabilization, instrumentation, and/or
fusion, require optimal BMD in order to achieve
adequate fixation strength, long-term stability, and
minimization of instrumentation failure. Surgical
technique has evolved with new methods to improve
surgical outcomes in osteoporotic patients, which
will be reviewed in later sections of this publication.

There are various complications that can arise
when patients receive spine surgery, some intraop-
eratively and others that develop postoperatively in
the recovery timeline. Although data directly
comparing spine surgery outcomes in osteoporotic
patients to nonosteoporotic patients are limited,
there is evidence that patients with osteoporosis
experience various surgical complications, some-
times at a higher rate than their nonosteoporotic
counterparts. For example, a review by DeWald and
Stanley24 surveyed 47 spinal deformity correction
procedures in 38 patients and revealed that osteo-
porotic patients had an incidence of 13% for early
(less than 3 months) postoperative complications,
including epidural hematoma with neurological
injury secondary to pedicle fracture and surgical-
site–adjacent compression fractures. Delayed (great-
er than 3 months) postoperative complications in
the same group included pseudarthrosis with
instrumentation failure (11%), acute disk herniation
above the last instrumented level (4%), loosening of
instrumentation (7%), proximal junctional kyphosis
(26%), and pelvic fixation prominence (11%).24 A
separate review surveying interbody fusion proce-
dures in the osteoporotic population reported
complications including subsidence, disk space
collapse, and delayed union.9 In a review of
immediate postoperative complications in osteopo-
rotic patients specifically undergoing cervical spine

Table 2. A common sequela of osteoporosis includes fragility fractures of

vertebral body after mild or moderate trauma. The International Society of

Clinical Densitometry has created a grading system for osteoporotic vertebral

body fractures from T4 to L4.11

Grade Description

0 No fracture
1 Mild fracture (20%–25% loss of height)
2 Moderate fracture (25%–40% loss of height)
3 Severe fracture (. 40% loss of height)

Special Considerations in Osteoporotic Spine Surgery Patients
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surgery, the authors identified a higher rate of
hemorrhage (odds ratio [OR] 1.7), an increased
mean length of inpatient postoperative stay by one
full day, and nearly 30% higher mean surgery-
related costs compared to nonosteoporotic pa-
tients.25

This significant and often increased incidence of
complications in osteoporotic patients receiving
spinal surgery is both dangerous and often mani-
fests in the increased need for surgical revision. In
the literature reviewing spinal fusion procedures,
rates of nonunion in both osteoporotic and non-
osteoporotic patients have been reported between as
low as 5% and as high as 35%.4 Although this range
did not demonstrate a clear trend toward increased
rates of nonunion in osteoporotic patients, a review
of data obtained from the Nationwide Inpatient
Sample database (composed of a stratified 20%
sample of annual hospital admissions in the United
States) for patients receiving posterior cervical
fusion surgery illustrated that revision surgery was
performed more frequently in osteoporotic patients
compared to nonosteoporotic patients (OR 1.54).25

Increased likelihood of the need for spinal surgery
revision in osteoporotic patients is a factor of
immense importance to consider when deciding
whether to follow through with a procedure and
subject the patient to more risk of complications. In
neurologically intact osteoporotic patients with
nonemergent spinal issues, it is prudent to engage
in a discussion and shared decision-making with
patients about whether pursuing more conservative
nonsurgical therapy is more suitable for the
patient’s long-term benefit.

Altogether, the risk of complications or instru-
mentation failure posed to osteoporotic patients
undergoing spinal surgery not only warrants a
higher level of caution in choosing surgical thera-
pies, but also emphasizes the importance of medical
optimization of each patient’s osteoporosis and
other medical comorbidities to ensure the highest
possible potential for surgical success.

Special Nonsurgical Considerations

Endocrinologist Referral
Consultation of an endocrinologist can play a role
to ensure the patient is an appropriate candidate for
spine surgery through identification of any osteo-
porotic risks and management of the underlying
condition. Osteoporosis can be secondary to under-
lying mechanisms such as glucocorticoid-induced

hypo- and hyperthyroidism, hypogonadism, diabe-
tes mellitus, and growth hormone deficiency.26

Postmenopausal women and men � 50 years on
glucocorticoid therapy should consider osteoporotic
treatment for a prior incidental fracture, high
therapeutic dosage, or BMD T score � 1.5.27

Bone-protective pharmacological therapy should
be started if a patient is at high risk of fracture
when on glucocorticoids and includes alendronate,
etidronate, risedronate, zoledronic acid, and ter-
iparatide.27 The goal of bone-protective therapy is
to reduce the incidence of fractures, and follow-ups
with patients must be done to monitor patient
compliance and dosage to achieve optimal out-
comes.

Hyperthyroidism and hypothyroidism can affect
BMD and cause an increase incidence of fracture
due to osteoporotic bone. Risk factors for those on
treatment include duration of hyper- and hypothy-
roidism, especially in postmenopausal women.28 In
patients with high thyroid-stimulating hormone
(TSH) levels, the risk of osteoporotic fracture is
associated with the duration of high TSH levels
prior to treatment. While hypothyroidism can
increase bone turnover rate and consequently
reduce BMD, the mechanism through which it does
so is unclear.28 Treatment should prioritize man-
agement of TSH levels with concomitant osteopo-
rotic management if the bone turnover and BMD is
moderate to severe.

Secondary osteoporosis from hypogonadism oc-
curs in females following estrogen deficiency due to
menopause and in males where testosterone levels
fall, causing a decrease in BMD and increased risk
for osteoporotic fractures. While the mechanism is
still unclear, androgen receptors have been associ-
ated with osteoblasts, osteoclasts, and osteo-
cytes.29,30 Patients with complete and partial
androgen insensitivity syndrome show that bone
density is lower in the lumbar spine via DEXA,
indicating that androgens function in trabecular
bone maintenance and density in the absence of
estrogen.31 Additional literature supports the notion
of androgens regulating bone density with deficiency
consequentially a factor in contributing to osteopo-
rosis.32–34 While hormone replacement can treat
androgen deficiency and modifiable physical activity
is an alternative, it is debated whether the benefits of
pharmacologic treatment outweigh the risks.35,36

Osteoporosis in the presence of diabetes mellitus
can be a resultant of complex mechanisms that alter
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the bone microstructure, the composition of the
marrow, and the functionality of osteocytes.37 It is
suggested that being hyperglycemic for extended
periods of time causes advanced glycation end
products to accumulate, reducing bone quality
through diminishment of type I collagen and
stimulating osteoclast activity via tumor necrosis
factor, macrophage colony stimulating factor, and
receptor activator of nuclear factor kappa-B
ligand.38,39 While the mechanisms are multifactori-
al, the clinical implications are risk for increased
incidence of bone fracture, especially for those with
a prolonged period of time since diagnosis and
glycated hemoglobin A1c levels � 7%.40–42 With
multiple pathways contributing to alteration of
bone structure and higher fracture risk in diabetic
patients, screening of this patient population should
be implemented into the preoperative protocol to
ensure optimal surgical outcomes.

Growth hormone is critical to achieve appropri-
ate height and BMD throughout adolescence
through direct targeting of osteoblasts for bone
formation. A deficiency of this hormone can cause
skeletal immaturity due to decreased BMD through
a loss of osteoblastic activity, putting this popula-
tion at an increased risk of fracture.43,44 Those with
growth hormone deficiencies can be more at risk for
vertebral deformities, especially with prolonged
duration of disease.45 Pharmacological treatment
entails growth hormone replacement therapy, which
has shown to increase bone formation and BMD
and lead to a significant decrease of risk in these
patients.45,46

Vitamin D
Vitamin D is commonly taken as a dietary
supplement and is converted to its hormonal form
called vitamin D3. Vitamin D3 is stimulated by PTH
and inhibited by calcium and phosphate. In a
vitamin D–deficient state, hyperparathyroidism,
hypocalcemia, and hypophosphatemia occur. Sec-
ondary hyperparathyroidism can cause accelerated
bone turnover and lower bone mineralization. It can
be challenging to determine whether bone mineral-
ization loss is solely due to a vitamin D deficiency or
whether it is multifactorial. A study from Walker et
al47 analyzed BMD and microstructure in patients
with and without 25OHD insufficiency and defi-
ciency and failed to find any reduction in skeletal
integrity between the two groups. Vitamin D
supplementation is a preventative factor in osteo-

porosis and fracture risk, a meta-analysis of
randomized controlled trials supports the use of
calcium and vitamin D supplements to intervene in
reducing fracture risk.48 Clinical and histomorpho-
metrical evaluation of patients with femoral neck
fractures concluded reduced bone volume and
trabecular thickness, elevated PTH levels, and lower
serum 25OHD levels were present.49 While existing
literature supports the notion that deficient vitamin
D levels are associated with the presence of bone
fractures, it is difficult to suggest whether mainte-
nance of a normal range of vitamin D maintains
bone structure density and structure.

Calcium Supplementation
Calcium supplementation alone in fracture preven-
tion is not established enough in the literature to
offer significant clinical intervention, but when used
concomitantly with vitamin D supplements, studies
have shown a reduction in fracture prevalence.50,51

Supplementary use of calcium with vitamin D has
been shown to reduce fracture risk in postmeno-
pausal women and men older than 50 years of age.52

This notion is supported by biological rationale that
the use of vitamin D supplementation is to facilitate
the absorption of calcium since a decrease in
calcium levels can cause higher levels of PTH and
increased bone turnover.53–55 Given the inversely
related fluctuations between 25OHD and PTH, it is
important to use supplementation to maintain
serum levels of vitamin D and calcium.56 Maintain-
ing these levels can be as simple as dietary
management, such as incorporation of calcium-
containing supplementation, and can have a pro-
found impact against increased bone resorption and
osteoporotic-related fractures.57,58

Angiotensin II Receptor Blocker Versus
Angiotensin-Converting Enzyme Inhibitor
Differences in Fusion Rate
The renin-angiotensin system functions in the
regulation of blood pressure and angiotensin II
receptor blockers (ARBs) and angiotensin convert-
ing enzyme (ACE) inhibitors are often prescribed
for management. Almost 50% of patients who
undergo spinal fusion are hypertensive.59 The use of
ARBs and ACE inhibitors when undergoing spinal
fusion should be considered as predictors for
surgical outcomes. Management with ARBs is an
indicator for a successful spinal fusion, while those
prescribed ACE inhibitors are more likely to
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undergo failure.60 ACE inhibitors have been shown
to result in significant bone loss in men greater than
65 years and can be considered a preoperative factor
for those undergoing surgery.61 When assessing
fracture risk between ARBs and ACE inhibitors,
some studies reported a decreased fracture risk in
those taking ARBs with some support concluding
no significance in osteoporosis-related fractures
between ARBs and ACE inhibitors.62–65 When
considering a patient for surgery, the use of ACE
inhibitors should be considered a relative contrain-
dication given the failure rate compared to those
who are managed with ARBs.

Bisphosphonates
Bisphosphonates are a standard line of pharmaco-
logic prevention and treatment for osteoporosis
through suppression of bone turnover, causing
adequate maintenance of BMD. Common bisphos-
phonates prescribed include etidronate, alendro-
nate, risedronate, pamidronate, clodronate,
tiludronate, ibandronate, and zoledronate.66 Bis-
phosphonates bind to hydroxyapatite in the bone
and these skeletal binding abilities can vary between
patients.67,68 The use of bisphosphonates is associ-
ated with a reduced fracture risk between 3 and 5
years of use, with discontinuation of treatment
considered due to risk of rare, adverse effects such
as osteonecrosis of the jaw and atypical femoral
neck fractures.67,68 The estimated incidence of
serious adverse effects is less than one case per
100,000 person-years of exposure to bisphospho-
nates.69 While the long-term benefits are currently
unknown, multiple studies conclude that the re-
duced fracture incidence, maintenance of BMD, and
reduction in bone turnover markers remain effective
years after discontinuation of treatment.70,71 Imple-
menting a drug holiday during the years of delayed
dissipation of bisphosphonate effects can combat
the adverse complications of long-term use while
retaining osteoporotic shielding.72

Denosumab
Denosumab combats osteoporosis through direct
inhibition of the activity of osteoclasts by blocking
the receptor activator of nuclear factor kappa-B
ligand binding to the receptor activator of nuclear
factor kappa-B and has been considered effective
with minimal safety risks.73 Candidates for denosu-
mab include postmenopausal women diagnosed
with osteoporosis, women currently taking aroma-

tase inhibitors, and men at higher risk for osteopo-
rotic fracture, including those on androgen
deprivation therapy.74 The drug is given biannually
as a single injection and while it functions in
reducing the risk of osteoporotic fractures, an
increased risk of infection can occur, and adverse
effects of osteonecrosis of the jaw and atypical
femoral fractures have been observed.75 The FREE-
DOM trial extension demonstrated that over a
course of 10 years, serious adverse effects of
denosumab were less frequent than 0.1 per 100
participant years.76 Furthermore, denosumab use in
patients at 10 years resulted in consistent BMD
increases with low fracture risks while maintaining
low risk of adverse events.76 However, when used in
patients with malignancy, the rate of serious adverse
effects may be as high as 15%.69 Denosumab also
demonstrated superior effects on BMD when
compared to alendronate in phase I, II, and III
trials.75 It is recommended that physicians reevalu-
ate each patient every 5 years to determine whether
continuation of denosumab is beneficial or whether
transition to another therapy such as bisphospho-
nates can control bone turnover in a low-risk
osteoporotic population.77

Raloxifene
Raloxifene is an estrogen receptor modulator that
functions in prevention of osteoporotic fractures in
postmenopausal women. Raloxifene acts similarly
to estrogen on bone through inhibiting osteoclast
activity and stimulating osteoblast activity to
collectively maintain BMD.78 The use of raloxifene
in patients with an established diagnosis of osteo-
porosis can limit bone turnover and increase BMD
in the spine. It has also been shown to bind to the
estrogen receptors in breast tissue antagonistically
and can reduce the risk of cardiovascular events in
high-risk patients.79,80 Candidates for raloxifene
include postmenopausal women that are at risk for
vertebral fractures or those with prior incidence of
vertebral fracture; contraindications for use of
raloxifene include history of deep venous thrombo-
sis, pulmonary embolism, or stroke.81

Teriparatide
Teriparatide is a recombinant form of PTH and
induces an anabolic effect on osteoblasts. Standard
therapy includes daily injection with a recommend-
ed maximum use of 2 years until the long-term
efficacy is established.74 Once injected, serum
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calcium rises within the first 8 hours to a normal
range and the average increase of calcium excretion
has been determined to be 32 mg/d.82 Teriparatide
has been shown to increase BMD, subsequently
reduce fracture risk, and facilitate the bone-implant
interface in preclinical spinal fusion studies.83

Teriparatide has been investigated in clinical studies,
concluding that its use results in a lower rate of
implant loosening and that pedicle screw insertion
intraoperatively required more torque for those
prescribed teriparatide preoperatively.84,85 Contra-
indications for teriparatide include those with a
prior diagnosis of Paget disease, osteosarcoma, or
skeletal metastases. Mild adverse effects of teripara-
tide include dizziness, leg cramps, and hypercalci-
uria.86

Calcitonin
Calcitonin is hormone that directly regulates serum
calcium through its antiresorptive properties when
binding to osteoclasts. Patients who are diagnosed
with Paget disease, hypercalcemia, and osteoporosis
are common candidates for calcitonin. While
calcitonin is an effective medication in managing
osteoporosis through minimizing bone turnover
markers and maintenance of a normal BMD,
patient compliance can be counteractive in reducing
osteoporotic fracture risk.87,88 Common forms of
delivery can be tablets or nasal spray of either
human calcitonin or recombinant salmon calcitonin
that shows comparable efficacy in maintenance of
BMD.87,88 Associated side effects of calcitonin
include nausea, vomiting, and abdominal pain.

Special Surgical Considerations

Patients with osteoporosis require special consid-
erations when being evaluated for surgical interven-
tion. Lehman et al89 cite that patients greater than
70 years of age with osteoporosis have about a 20%
incidence of vertebral compression fractures. Pre-
operative planning is paramount when a patient
with a diagnosis of osteoporosis has a fracture and/
or deformity that warrants surgical intervention, or
deemed a surgical candidate secondary to failed
conservative management or instability.

In evaluating the patient for elective surgical
intervention, Lehman et al89 as well as Karikari and
Metz8 recommend initiation of medical manage-
ment prior to surgical intervention with the appro-
priate form of osteoporosis treatments. By doing so,
one can optimize the patient and control for

preoperative risks that may be contributed to
osteoporotic diagnosis. Appropriate imaging, in-
cluding but not limited to full axis radiographs can
aid in not only planning the correct type of surgery,
but also in correction of any deformity. In addition,
optimization of preoperative risk factors can reduce
the incidence of postoperative complication of
pseudarthrosis, according to Karikari and Metz.8

Surgical planning consists of determining the size
of the pedicle screw diameter and length, assessing
the possibility of augmentation, and optimizing
technique to limit screw migration, loosening, and
pullout. Tandon et al90 reported 62% of screw
loosening in the osteoporotic spine, with complica-
tions also including pullout and migration due to
micromotion or injuries. Traditional methods of
improving pedicle screw fixation stabilization ac-
cording to Liu et al91 include increasing screw
length, increasing the diameter of the screw,
expanding the screw, and using augmentation such
as polymethyl methacrylate (PMMA) in conjunc-
tion with pedicle screw fixation. McCoy et al92 also
reviewed different modifications to aid in fixation,
such as multiple points of fixation, cross-links,
varied equipment such as laminar hooks, and
modified trajectories. All these factors play an
important role in surgical planning in the setting
of osteoporosis due to the patient’s poor bone
quality. In the osteoporotic patient, osteoblastic
activity is reduced and there is poor vascularity and
lower bone marrow quality.90 Thus, the aforemen-
tioned leads to longer than usual periods of stress
for instrumentation as it is used for temporary
stabilization while awaiting fusion. To limit com-
plications, Tandon et al90 proposed a modified
surgical technique on bicortical fixation, referred to
as 3-point fixation, using PMMA augmentation and
bicortical fixation. This surgical intervention not
only is proposed to limit above complications, but
also to reduce the bicortical disadvantage of the
‘‘windshield-wiper effect,’’ which can lead to pedicle
fracture or screw bending.90 For this technique, the
pedicle awl or burr is used to open the superficial
cortex, and under image guidance, the trajectory is
visualized down the isthmus, with care taken not to
breach the anterior cortex.90 The size of the screw is
chosen so that less than 2 mm of the screw courses
the anterior cortex of the vertebral body.90 Next, a
bone-filling device is inserted into prepared pedicle
at a distance of the middle half of the vertebral
body. Once the appropriate distance reached, a
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toothpaste-like consistency of PMMA (3 mL for
lumbar spine; 2–2.5 mL for thoracic spine) is
injected into the bone-filling device under fluoros-
copy.90 After filling is completed, the device is
removed, and the screw is immediately placed. In
the study by Tandon et al90 a more medial
angulation and larger-diameter screw were used in
patients and there were no intraoperative compli-
cations and postoperatively there was no screw
loosening or migration. When evaluating the visual
analog scale and Oswestry disability index at 18-
month follow-up, both showed improvement using
this surgical method.90 In addition, pullout strength
increased to 120% from 31% with just bicortical
screw placement, and from 250% to 119% with
addition of PMMA.90 Care must be taken when
using PMMA as it can result in exothermic necrosis,
inability to integrate into surrounding bone, and
difficult screw removal, if necessary.90

In a similar fashion, Liu et al91 evaluated cement-
augmented pedicle screws (CAPS) and bone cement-
injectable cannulated pedicle screws (CICPS).
CICPS have a hollow screw rod with 3 side holes
for bone cement outflow at the tip; as such, care
must be taken to ensure no cement leakage.91

Leakage of cement has been shown to result in
pulmonary embolus, paraplegia, and/or death.
When using the CAPS system, the proximal side
hole is the outflow for the bone cement; thus, the
closer this side is to the screw head, the more
significant the increase of pullout force, but
conversely, the higher the risk of leakage into the
spinal canal.91 As such, these authors arrange the
holes from small to large on the anterior two-fifths
of the screw, which they propose both allows for
more outflow from the distal side and creates a more
evenly distributed cement into the vertebral body.91

In reviewing the use of CAPS, only 3 controlled
studies have been performed, all demonstrated
decreased screw loosening.91 However, it is clear
that more studies comparing CAPS with other
forms of augmentation would be beneficial, espe-
cially regarding the osteoporotic spine.

Another consideration is points of fixation for the
osteoporotic spine, specifically in the setting of
deformity. Lehman et al89 show that at least 3-point
fixation above and below the apex of the deformity
is best for correction and stabilization. Anterior
column support should be used whenever possible
as it has demonstrated increased load sharing and
decreased strain on the construct.89 Karikari and

Metz8 highlight that, during the surgical procedure,
care should be taken not to overtap, but to err on
side of undertapping as this showed an increase in
the insertion torque and pullout strength of pedicle
screws. Karikari and Metz8 also demonstrated that
undertapping by 0.5–1 mm, or not tapping, resulted
in significantly stronger screw pullout strength.8

Battula et al93 found that creating a pilot hole no
larger than 71.5% of the outer diameter of the screw
minimizes pullout and iatrogenic fracture. In regard
to the distance the pedicle screws are inserted, it is
recommended that hubbing be avoided as it affects
pullout strength.93

The most significant contributor to failure in the
osteoporotic spine is the bone-implant interface and
thus, the trajectory of the pedicle screw insertion
needs to be evaluated both pre- and intraoperative-
ly.89 Overall, medially angulated pedicle screws
coupled with a transverse connector and length of
80% of the vertebral body been shown to improve
pullout strength.89 Lehman et al89 found that in the
thoracic spine, the maximum insertional torque and
pullout strength is increased with a straight and
forward directionality rather than anatomical tra-
jectory. Regarding screw type, expandable screws
have been shown to decrease risk of loosening when
used in the lumbar spine; however, the US Food
and Drug Administration does not currently ap-
prove these screw types. As such, more studies need
to be undertaken to validate usage.8 In relation to
expandable screws, Karikari and Metz8 illustrated
that these work by compressing the cancellous bone
within the vertebral bone as they expand, which
increases the density of bone around the screw.8

Karikari and Metz8 also illustrated and recom-
mended use of large-diameter, longer pedicle screws
at multiple fixation points especially in long-fusion
constructs. Reinforcement of screws with the
addition of sublaminar wires or laminar hooks can
accentuate the strength of fixation by increasing the
pullout strength stiffness and torsion stability in
osteoporotic bones.

Intraoperative achievement of spino-pelvic bal-
ance is an important goal in the surgical manage-
ment of lumbar degenerative deformity. It is also
recommended to incorporate iliac and/or tricortical
sacral fixation in lumbosacral fusion to decrease risk
of sacral insufficiency fractures.94 Tricortical sacral
screw placement is achieved with trajectory towards
the sacral promontory and is shown to have twice
the strength of bicortical screws.94 Distal pelvic
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fixation also helps to increase stability and decrease
risk of pseudarthrosis and implant failure.94 S2 alar
iliac screws may offer advantages over traditional
sacral screws as they decrease the complication rate
and lower implant prominence.87,94 Anterior stabi-
lization or a combination of anterior with posterior
stabilization has also been shown to increase
construct stability and decrease subsidence by
increasing cross-sectional area of an interbody graft.
However, there have been some reports of increased
risk of pseudarthrosis or cage subsidence with the
anterior approach and this should be considered
intraoperatively.87 Placement of the cage without
invading the endplate ring may help prevent some of
these complications.87,94 Positive sagittal alignment
biomechanically places excessive strain on posterior
instrumentation and fusion mass and contributes to
instrumentation failure and pseudarthrosis, espe-
cially in the osteoporotic spine.94 Thus, a positive
sagittal balance significantly increases the risk of
developing pseudarthrosis.

Creation of good surface area with decortications
and adequate bone grafting with rich vascular
supply are keys in the formation of solid fusion
mass. Choice of bone graft material plays significant
role, with autologous iliac crest bone still being
considered the gold standard because of osteogenic,
osteoinductive, and osteoconductive properties.

However, there is significant morbidity and limited
supply in regard to the iliac crest. As such, BMP
auto-inductive factor in bone and recombinant
human bone morphogenetic protein 2 osteo-biolog-
ical device are now being used.8 Furthermore, need
for use of these products needs to be evaluated by
the surgeon. In the osteoporotic patient, there are
numerous factors that the surgeon must take into
consideration pre-, intra-, and postoperatively once
the patient is deemed an appropriate candidate for
intervention (Table 3).

Special Postoperative Considerations

Bracing
Lumbar bracing has been shown to reduce acute
back pain, providing external immobilization after
surgery; however, it has not been shown to help in
preventing back injury or new onset of back pain.94

Support for bracing is founded in the idea of
limiting spinal range of motion and correcting
posture to promote bone healing, improve fusion
rates, and offer pain relief. However, the disadvan-
tages of bracing include dysphagia, nerve palsies,
pressure ulcers, skin rashes, truncal muscle atrophy,
and an economic burden. Furthermore, the efficacy
of bracing is under reasonable scrutiny.95

Zhu et al95 undertook a recent systematic
literature review of postoperative bracing following
spine surgery. The outcomes measured to assess
bracing efficacy were postoperative pain and func-
tional outcomes, radiographic outcomes, cost effec-
tiveness, and safety profile of postoperative bracing
in the cervical spine and lumbar spine.96–99 It is
worth noting that this review did not focus on an
osteoporotic population. In osteoporotic patients,
late complications include pseudarthrosis, instru-
mentation failure, adjacent-level degeneration,
screw loosening, progressive kyphosis, and com-
pression fractures.24,89 In the Zhu et al95 review, the
only risk factor found to be recorded in all studies
was age. In all the studies, the average age was
under 65, except for one study, where the average
age was 72.9 years. Smoking status was followed in
only 2 studies and in both studies was less than 50%
of the patients.96,99 Furthermore, Zhu et al95

generalized findings that may not necessary align
with the osteoporotic patient population.

Evaluation of postoperative pain and functional
outcomes was measured by patient-reported surveys
including the neck disability index, short form 36,
and physical component score. The current litera-

Table 3. Compiled risk factors appreciated in the peri- and postoperative

setting of spine surgery for osteoporotic patients as well as independent risk

factors. Anticipating these risk factors can help guide postoperative care of

these patients in preventing falls.104

Risk Factor OR RR

Previous falls 1.9–6.6, 1.8–2.1
Age . 70 2.2
Balance impairment 1.2–2.4
Decreased muscle strength 2.2–2.6
Visual impairment 1.5–2.3
Polypharmacy (more than 4 medications)
or psychoactive drugs

1.1–2.4

Gait impairment/walking difficulty 1.2–2.2
Depression 1.5–2.8
Dizziness or orthostatic hypotension 2.0
Functional limitations 1.1–6.2
Female sex 2.1–3.9
Low body mass index 1.5–1.8
Urinary incontinence 1.3–1.8
Cognitive impairment 2.8
Arthritis 1.2–1.9
Diabetes 3.8
Pain 1.7
Vertigo 5.3
Stroke 2.7
Functional impairment 1.7
Sleep disturbance 2.4
Carpet floor 8.3
Use of a wheelchair 1.2

Abbreviations: OR, odds ratio; RR, relative risk.
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ture demonstrates that there is no clear evidence

suggesting advantages or disadvantages to postop-

erative bracing with regard to postoperative pain or

function.95–99 Evaluation of radiographic outcomes

was measured with fusion rates reported in patients
who either did or did not receive postoperative

bracing. All current studies from this review of

literature find no significant difference in bracing

versus not bracing postoperatively in the cervical

spine.95 Similarly, in the lumbar spine, Yee et al99

provided level 1 evidence that postoperative bracing

offers no functional or radiographic benefit at 1 or 2
years after surgery.94,99 The safety profile was

determined by reviewing complications, need for

revision surgery or second procedure, and occurrence

of myelopathy or radiculopathy postoperatively.

Complications consisted of rates of instrumentation

failure, graft extrusion, and necessity for bone

stimulators, as well as surgical site infection, epidural
hematomas, and C5 palsy.97,98 In the cervical spine

no significant difference was appreciated between the

2 groups. In the lumbar spine there was no advantage

or disadvantage noted in postoperative bracing.95,99

Based on this review, the use of postoperative bracing

on degenerative lumbar disease has no impact on

pain, disability, functional impairment, quality of
life, radiographic outcomes, incidence of complica-

tions, and rate of reoperations. There were no studies

on cost effectiveness for postoperative bracing that

met the inclusion criteria for this review.95

These results may reflect that advancements in

internal stabilization of the spine have reduced a

need for postoperative bracing. There is level II

evidence suggesting that the use of postoperative
bracing following posterior lumbar interbody fusion

is not supported.94 There are many who advocate

for bracing, but there has been no clear evidence

postoperative bracing works to increase fusion

rates.8,100–102 Although Johnsson et al102 demon-

strated changes sagittal and vertical translation

between 3 and 6 months of bracing with roentgen
stereophotogrammetric analysis, they were not able

to demonstrate evidence of improvement in lumbar

spinal fusion or functional outcome with brac-

ing.94,102 In the absence of evidence, the American

Academy of Orthopedic Surgeons’ Clinical Practice

Guidelines are unable to give recommendations

regarding bracing in postoperative care on in the
event of osteoporotic vertebral compression fracture

without any neurologic deficits.103

It is noted that in instances of poor bone quality,
as in the case of osteoporosis, internal fixation may
fail, leading to higher risks of nonunion or
pseudarthrosis.100 In this patient population, there
may still be a role in postoperative bracing.95,101 In
vitro models have demonstrated a clear relationship
between BMD and interbody graft stability.104

Pilliar et al105 demonstrated that movements greater
than 150 lm have deleterious effects to healing and
fusion rates in trabecular bone.

Fall Prevention
Falls are associated with significant morbidity and
complications in the osteoporotic population. Aging
has been shown to be a major risk factor for both
osteoporosis and falling. One third of the popula-
tion older than 65 years falls annually and half of
those individuals have recurrent falls.106,107 Falls
should be considered in the perioperative and
postoperative periods of management as the most
common complications of spine surgery in osteopo-
rotic patients include pedicle fractures and com-
pression fractures.24,89 Furthermore it is important
to understand the risk factors for postoperative falls
in the osteoporotic patient as well as their preven-
tion.

Demontiero et al106 have compiled a list of
independent risk factors as well as risk factors in
the postoperative period for falls with associated
relative risks and odds ratios from literature review.
Most of the risk factors involve the patient’s medical
history and functional status; however, there are
some environmental factors to consider, such as
presence of carpeting. Nursing or observation
during this period is of utmost importance and
should be completed with vigilance. There are
currently 3 nursing assessment tools, which include
the Morse fall scale, the St Thomas risk assessment
tool in falling elderly inpatients, and the Hendrich
fall risk model. Although some studies have found
these surveys to show relatively low specificity and
sensitivity, these are the current validated systems
for monitoring fall risk in postoperative pa-
tients.108–110 In the postoperative setting, balancing
pain with the sedative effects of analgesia and
polypharmacy must be managed closely as these
medications are associated with risk of falling. Pain
should be targeted so that early mobilization may be
encouraged to prevent deconditioning and delirium.
Deconditioning, primarily in the knee extensors and
knee flexors has demonstrated an increase in fall risk
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by 5-fold.111 Delirium is also associated with lower
functional recovery 1 year after fracture.15 Studies
have demonstrated that orthogeriatric teams spe-
cialized in comprehensive geriatric assessment,
management, and rehabilitation have decreased
duration of delirium and reduced hospital stay
times as well as rate of falls.106–108

CONCLUSION

This review aims to discuss the key points and
nuances involved in spine surgery considerations of
the osteoporotic patient. Preoperative evaluation
includes making the diagnosis with appropriate
screening, including but not limited to the appro-
priate radiographs, endocrinologist referral as nec-
essary, and initiating pharmacologic therapy when
applicable to optimize the osteoporotic patient.
Preoperative planning is key because osteoporotic
patient outcomes may include complications such as
increased rates of proximal junctional kyphosis,
pseudarthrosis, and distal pedicle screw loosening.
In order to reduce incidence of these complications,
surgeons have found success in increasing the
diameter and length of pedicle screws, limiting
pedicle tapping, ensuring spino-pelvic stabilization,
augmenting with polymethyl methacrylate, prevent-
ing positive sagittal balance, and using adequate
fusion products when necessary. In addition,
postoperative management, including early mobili-
zation, adequate pain management, and reliable
monitoring, can help decrease postoperative com-
plications, especially as they are related to falls.

Current practices in spine surgery have developed
concomitantly with evidence-based medicine. How-
ever, upon completing this review, it is evident that
there may still be some gaps in management on
osteoporotic patients undergoing spine surgery. It
may be useful to further investigate HU value as an
appropriate screening tool for osteoporotic patients
undergoing spine surgery. Though there are many
pharmacological options in management of osteo-
porosis, there is no clear indication if standardiza-
tion of therapy should be used. In regard to surgical
options, there are many technical additions, such as
expandable screws, that lack research for use.
Finally, there are currently inadequate data on the
role of bracing in osteoporotic patients who have
undergone spinal fusion and should be further
investigated. Osteoporosis is a commonly encoun-
tered comorbidity, which will only increase as the
population ages, in patients undergoing spine

surgery. Therefore, it is of utmost important to
not only consider all aspects of their surgical care
from a multidisciplinary standpoint, but to ensure
that all areas of care are fully researched so as to
optimize the patient as a whole.
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