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Abstract

As a common metabolic bone disease that affects millions, osteoporosis has been classically considered a
contraindication to spine surgery. However, despite the higher risk of operating on an osteoporotic spine, surgeons
have found that through preoperative preparation and adapted intraoperative and postoperative management
strategies, patients can experience significantly improved odds of a successful surgery. No broad-scale algorithm has
yet been proposed which outlines the diagnostic, preoperative, intraoperative, and postoperative interventions which
are validated to optimize osteoporosis patient outcomes. In the present article, we suggest such an algorithm and
otherwise discuss the natural history of osteoporosis, the process of the diagnostic workup, the perioperative
multidisciplinary approach to osteoporosis care, and the intraoperative and postoperative strategies which allow the

best spine surgery outcomes in the setting of osteoporosis.
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Introduction

As life expectancies continue to rise globally, increasing numbers of elderly
individuals seek surgical interventions to rectify degenerative conditions and
ameliorate chronic pain. This is evidenced by the ever-growing rates of spine
surgery. For example, from 2004-2015, the number of spinal fusions
performed in the United States increased by 276%. [1] Unfortunately, many
who would greatly benefit from spinal surgery are hindered by osteoporosis,
a classic contraindication to spine surgery. As the most common metabolic
bone disease, osteoporosis afflicts over 10.3 million older US adults (>50
years) and portends higher rates of fracture, progressive spinal deformities,
and stenosis following spine surgery.[2,3] Concerning increasing life
expectancies, the quantity of patients with osteoporosis is steadily, as is the
frequency with which osteoporosis impacts spinal care.[4] Despite the higher
risk of operating on an osteoporotic spine, surgeons have found that careful

patient selection, deliberate preoperative preparation, modified surgery
techniques, and active postoperative management can provide good surgical
outcomes with acceptable risk rates [5]. In particular, data show that
preoperative treatment of suboptimal bone health, like in osteoporosis, leads
to higher rates of successful surgical outcomes [6,7].

Recently, the first-ever guidelines for assessing and managing osteoporosis
in patients undergoing elective spinal reconstruction were published [8].
These guidelines identify preoperative bone health quantification tools and
suggest limited presurgical treatment protocols. However, no broad-scale
algorithm has been proposed that describes the diagnostic, preoperative,
intraoperative, and postoperative management strategies that optimize
osteoporosis spine surgery outcomes [8]. In the present article, we suggest
such an algorithm and otherwise discuss the natural history of osteoporosis,



Clinical Trials and Clinical Research

the process of the diagnostic workup, the perioperative multidisciplinary
approach to osteoporosis care, and the intraoperative and postoperative
strategies which portend improved spine surgery outcomes in the setting of
osteoporosis.

Natural History
Pathogenesis

Osteoporosis is a disease characterized by a significant increase in bone
fragility consequential by excessive osteoclastic bone resorption and
insufficient osteoblastic formation.9 This function disequilibrium
precipitates defects in trabecular microarchitecture and an impaired capacity
to repair microdamage from normal activities of daily living [10].
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Osteoporosis is known to compromise the integrity of both trabecular bone
and cortical bone, with a loss of trabecular integrity bearing greater relation
to fractures of the spine and hips [11]. Studies indicate that a 10% loss of
bone mass effectively doubles the risk of vertebral fracture.*? While hip and
spine fractures have proven most problematic, the systemic increases in bone
fragility associated with advanced osteoporosis are such that nearly any bone
can fracture [12]. Directly implicated in the onset of osteoporosis are
deficiencies of calcium and estrogen [13]. Indirectly implicated are lifestyle
factors, such as smoking, alcohol consumption, and inadequate exercise [14].
Other modifiable and nonmodifiable risk factors exist for osteoporosis and
are listed in Table 1 [15].

Modifiable

Tobacco use

Glucocorticoid use

Sedentary lifestyle

Low body mass index

Alecoholism

Vitamin D deficiency

Estrogen deficiency

Calcium deficiency

Nonmodifiable

History of nonpathological fragility fracture

Transplantation recipient

Gastrointestinal malabsorption

Hypogonadism

Exaggerated thoracic kyphosis

Bheumatoid arthritis

Chronic renal failure

Table 1: Osteoporosis risk factors
Table adapted from Fiani et al [15].

Prevalence and Cost

Women face the greatest risk of osteoporosis. Approximately one in three
women >50 and one in five men >50 are at risk of osteoporosis [16]. Estrogen
deficiency is largely responsible for osteoporosis in postmenopausal women
[17]. The medical costs of osteoporosis in the USA during 2008 were
estimated to exceed 22 billion dollars [18]. According to a report by the US
Surgeon General [19], more than 10 million Americans >50 have
osteoporosis, with an additional 34 million at high risk for the disease [20].

Outcomes, Lifestyle, Morbidity

Osteoporosis is currently one of the leading causes of morbidity and
mortality worldwide [21]. It is estimated that up to 20% of patients die within
the first year following hip fractures related to osteoporosis [22]. Moreover,
those who experience fractures of the spine or hip due to osteoporosis often
face significant lifestyle restrictions thereafter. Hip fractures are regarded as
the most severe complications, frequently causing loss of self-sufficiency
and permanent physical disability [21]. It is estimated that less than half of
those who survive hip fractures regain previous levels of physical function
[22]. Approximately 50% of older women with osteoporosis who experience
a hip fracture will lose the ability to walk again [23].

Prevention

Calcium and vitamin D are both essential to the process of bone formation.
Thus, as public health measures, supplementing these elements is standardly
recommended for prophylaxis and treatment of osteoporosis [16]. Physical
activity is another direct contributor to bone health, with weight-bearing
exercise most prominently increasing bone density [24]. For young females
especially, adequate calcium intake and sufficient weight-bearing physical
activities are advised as highly effective prophylactic measures to stave off
osteoporosis in their later years [25].

Diagnostic Workup for Osteoporosis
Common Presentations: Signs and Symptoms

Osteoporosis is often referred to as a silent disease, as those affected are
generally asymptomatic for years to decades before any sign or clinical
detection [26]. As a result, those affected are often diagnosed only after their
first pathologic fracture [27]. Several risk factors exist that put individuals at
an increased likelihood of complications related to osteoporosis. For spine
surgeons and all physicians alike, typical important risk factors queried
include advanced age, female sex, Caucasian race, sedentary lifestyle, family
history of multiple fractures or osteoporosis, small body frame or low body
weight, postmenopausal status, and a history of smoking [28,29].

When evaluating a patient for possible osteoporosis, it is important to note
that there often may be no signs or symptoms at the time of clinical
assessment, as the first clinical manifestation often presents in advanced
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stages with pathologic fractures [27]. However, among individuals with
symptomatic osteoporosis, several symptoms have been commonly
described, often detailing no history of preceding trauma or known triggers
for their symptoms. These may include new or chronic bone pain, joint pain,
back pain, or fractures of bones occurring without trauma [30]. New
functional impairments, seen as difficulty bending, lifting, walking, or
climbing, may also be described [31]. Regarding the involvement of the
spine, clinical manifestations of symptomatic vertebral fractures can include
a noticeable loss in height, a noted stooped posture resulting in a hunchback
appearance, or descriptions of new neck or lower back pain failing to resolve
[32]. An important note for advanced osteoporosis on patient history is that
the acute onset of bone pain or fractures can occur from exceedingly minor
movements. These fractures can occur spontaneously from minor events
such as coughing or going over speed bumps in a vehicle [33].

As the symptoms of osteoporosis may vary, signs of the disease may also
vary on evaluation. Upon patient examination, palpation of the affected
bone(s) or joint(s) may result in point-specific pain and bony crepitus, with
fractures frequently occurring in the hip, distal radius, proximal humerus,
and spine [30]. Regarding spine care, osteoporotic vertebral compression
fractures may be clinically assessed by measurement of height loss from

History and physical exam for suspected
osteoporosis

Perform: DEXA scan to test BMD

+1.0 to -1.0 Healthy
BMD

-1.0to -2.5 Osteopenia
-2.5t0-3.0 Osteoporosis
-3.0 and lower Severe
Osteoporosis

Normal

Watch and reassess in 1-2 years

Obtain: CT or MRI imaging of
spine
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baseline and physical findings indicating kyphosis of the spine [30]. A height
loss of >6 cm has shown a specificity of >90% in detecting vertebral fractures
[34]. However, this height loss may be insidious, having occurred over
decades while remaining asymptomatic [32]. Physical findings of kyphosis
are important, as they likely indicate multiple vertebral compression
fractures [35]. It has been noted that each complete compression fracture can
cause approximately 1 cm or more in diminished height, with a height loss
>4 cm resulting in 15 degrees of kyphosis.36 While these positive signs and
symptoms may help consider osteoporosis, variability in patient
presentations can make it difficult to assess; thus, proper quantitative
diagnostic testing is required for confirmation.

Diagnostic Testing

A complete history and physical exam are neither sensitive nor sufficient to
diagnose primary osteoporosis properly [37] Plain radiographs and bone
density testing should be pursued in patients with suspected osteoporosis to
confirm the diagnosis [38]. Once findings consistent with osteoporosis are
established, testing for the secondary cause of the osteoporosis can be
pursued for the most effective disease management. An in-depth
osteoporosis diagnostic workflow is depicted in Figure 1.

Obtain: plain radiograph
imaging

Area of bone pain or:
» Distal radius

* Humerus

* Thoracolumbar spine
- Hip

+ Findings consistent
with osteoporosis

¥

Pursue laboratory testing for secondary cause

Serum calcium
Serum phosphate
Serum parathyroid hormone
Serum TSH
Serum free T,
Liver enzymes
Creatinine
Electrolytes
If estrogen deficiency or hypogonadism
suspected
* FSH
LH
Estradiol
testosterone

Figure 1: An in-depth diagnostic workflow to radiographically evaluate for the presence of osteoporosis. Once radiographic imaging is consistent
with osteoporosis, laboratory studies are advised to characterize the underlying etiology of the low bone density and to inform medical therapies

moving forward.

Because osteoporosis is characterized by low bone mass, microarchitectural
disruptions, and increased skeletal fragility, bone mineral density (BMD)
assessment by dual-energy x-ray absorptiometry (DEXA) has become the
standard test for diagnosing osteoporosis [39]. DEXA scans allow for a
quantitative assessment of an individual’s bone density and future fracture
risk. With a DEXA scan complete, a T-score, or the standard deviation (SD)
by which an individual’s BMD differs from the mean value expected in
young healthy individuals, is then calculated for the patient’s bone density
to be adequately assessed for osteoporosis. The World Health Organization
defines osteoporosis as a T-score of < -2.5 SD, with normal bone density > -
1.0 SD [40].

Concerning osteoporosis of the spine, plain radiographs of the thoracolumbar
spine are paramount to confirm the location, type of vertebral abnormalities

or fractures, and degree of severity of the bone disease [30,41]. The severity
of vertebral fractures resulting from osteoporosis may be staged for further
management planning [42]. Additional imaging, such as MRI or CT scans,
may be considered if further diagnostic information is indicated, such as in
determining the potential instability of a wedge fracture or for surgical versus
non-surgical management planning [5,43]. More specifically, CT scans can
best define the type of fracture, the extent of vertebral destruction, and the
extent of spinal compression; MRI allows for the best assessment of the
spinal cord and nerve rootlets for compressive damage while helping the
spine surgeon differentiate between new and old fractures [30].

Osteoporosis versus Osteopenia in Spine Surgery
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Osteopenia is a condition of “low bone mass,” lower than usual for an
individual’s age [44]. The World Health Organization classifies osteopenia
as a T-score between -1.0 and -2.5 SD. This is differentiated from
osteoporosis, a more severe version of bone loss with a higher likelihood of
fracturing and a T-score of < -2.5 SD [44]. Of note, treating your patient as
having osteoporosis rather than osteopenia is recommended in patients with
a T-score of -1.0 to -2.5 and a fragility fracture of the pelvis, wrist, or
shoulder [45]. Regarding the epidemiology of the two bone diseases in spine
surgery, there appears to be a discrepancy between males and females. Chin
et al. found that among patients over [50]. who needed spine surgery, 46.1%
of males and 41.4% of females demonstrated osteopenia, while 14.5% of
males and 51.3% of females had osteoporosis on workup [46]. The
prevalence of lower bone density in women, as seen in osteoporosis, is
understandable given the deleterious effects of estrogen depletion post-
menopause.

Limited data exist on the effects of decreased bone density and outcomes
after spine surgery. However, in one study among adult patients undergoing
single-level lumbar fusion, Khalid et al. found the odds of pseudoarthrosis
and revision surgery to be significantly higher in those with osteopenia and
osteoporosis than in patients with normal BMD [47]. As expected, patients
with osteoporosis had higher odds of pseudoarthrosis and revision surgery
(OR 1.92 and OR 3.25, respectively) than patients with osteopenia (OR 1.7
and OR 2.73, respectively) [47]. Whether a patient has osteopenia or
osteoporosis; lower BMD can have deleterious effects on elective spine
surgery, from screw pullout to poor fusion rates [30,48].

Multidisciplinary Management

Once a diagnosis of osteoporosis is made, a multidisciplinary team involving
the spine surgeon, primary care physician, endocrinologist, and physical
therapist is the ideal approach for preoperative medical optimization [4].
Each of these disciplines bring special skill sets. For example, spine surgeons
must assess three factors in an osteoporotic patient. The first step involves
properly diagnosing osteoporosis using a physical exam, quantitative
imaging, and laboratory data [49]. The second step is to provide patients with
medical care and lifestyle recommendations to increase BMD preoperatively
[50,51]. The third step is managing any osteoporosis-related complications
that arise as direct sequelae of the spine surgery [52].

Primary care physicians maintain a close relationship with the patients and
maintain frequent patient contact throughout the treatment pipeline.
Furthermore, primary care physicians are directly involved in evaluating
preoperative risk vs. benefits, assisting in implementing lifestyle
modifications, managing the outpatient aspects of postoperative
complications, and helping organize long-term recovery.

Endocrinologists may be integral to treating any underlying causes
precipitating the diminished bone density. Considering osteoporosis is often
a secondary manifestation of conditions like hypo- or hyperthyroidism,
hypogonadism, diabetes mellitus, growth hormone deficiency, or cancer,
endocrinologists are critical in the diagnosis and management of these or any
other additional pathologies impacting a patient’s candidacy for spine
surgery [53].

Physical therapists serve to implement exercise-related therapies indicated
for osteoporosis treatment and prevention [54]. These providers aid in pain
management and guard against subsequent fracture development by
improving patient exercise tolerance, mobility, flexibility, and strength [55].

Medical Therapies to Enhance Bone Density

Vitamin/mineral supplementation protocols or pharmacological regimens
can enhance bone quality and significantly lower the risk of mechanical
failure of spine constructions. Ideally, these therapies will be initiated in the
preoperative period to prepare the bony spine for fusion [15]. Additionally,
if possible, any intake of drugs that diminish bone density, such as
glucocorticoids, should be stopped or reduced [15]. It is assumed that in
emergent situations or in the presence of other contraindications, the
necessity of surgery outweighs a prolonged time course for preoperative
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bone optimization, and thus bone-regenerative medical interventions may be
started only postoperatively. Regardless of the initiation timeline, the
medical optimization of patients’ bone health most commonly continues past
the perioperative period into the long term.

Vitamin D and Calcium

Both calcium, a crucial building block of bone, and vitamin D, which
increases calcium absorption, are often simple to sufficiently obtain from the
diet. However, calcium and vitamin D supplementation is advised for elderly
individuals who have a higher risk of bone loss. Animal models suggest
promising surgical outcomes following calcium and vitamin D perioperative
supplementation. In a study by Metzger et al., rats treated with a
posterolateral spine fusion who had meals supplemented with vitamin D
showed improved manual palpation fusion rates [56]. Particularly, decreased
construct stiffness was consistently linked to vitamin D deficiency or
insufficiency [56]. A similar improvement in mechanical strength and fusion
volume was seen after calcium supplementation in ovariectomized rats that
underwent posterolateral spine fusion. Their data showed that fusion masses
in the calcium-supplemented group could endure 3-point bending forces that
were 50% higher than the forces that the non-supplemented group could
withstand[57].

Bisphosphonates

Bisphosphonates help inhibit bone resorption by inducing osteoclast
apoptosis. Due to their strong affinity for bone and the phosphate and
hydroxyl moieties they contain, bisphosphonates provide selective
deposition throughout the whole skeleton. Although there is a plethora of
studies on the subject, there is no universal agreement regarding the role of
bisphosphonates in animal spine surgical models. Generally, however, the
use of bisphosphonates has been linked to a higher percentages of immature
bone in histologically examined fusion masses and randomized trials have
shown biphosphate alendronate to demonstrate higher frequency of solid
fusion and lower rates of cage subsidence [58,59]. While bisphosphonates
show promise as a therapeutic approach, making specific recommendations
on using bisphosphonates in the management of osteoporotic spine is
currently challenging due to the dearth of relevant data.

Recombinant parathormone hormone (PTH)

Recombinant PTH is the only anabolic drug now offered to osteoporosis
patients. Increased bone resorption and kidney calcium reabsorption are
induced by endogenous PTH, which is necessary for raising serum calcium
levels. According to animal models, rhPTH therapy results in higher fusion
rates and better fusion structure [60-62]. Likewise, major randomized
controlled trials have shown that recombinant human PTH (rhPTH) reduces
fracture risk compared to placebo, and even more effectively than
bisphosphonate therapy [63]. For example, in a clinical trial by Ohteri et al,
posterolateral fusion patients with osteoporosis successfully fused at an 82%
rate following rhPTH administration compared to a 68% rate following
bisphosphonate administration. Additionally, literature shows the incidence
of back pain is also lower in rhPTH-treated patients compared to placebo-
treated patients, and patients who have the most severe baseline back pain
may experience the most substantial decreases in pain symptoms, even after
the rhPTH treatment is stopped [64].

Hormone replacement therapy

The treatment of osteoporosis in older adults also includes using estrogen
and selective estrogen receptor modulators (SERMs). Compared to a
placebo, these drugs reduce the risk of vertebral fractures by 50% while
increasing bone mass [65]. Estrogen is no longer the first-line treatment for
long-term osteoporosis management or fracture prevention due to its
cardiovascular risk [66,67]. SERMs reduce spinal fractures by about 40%
while increasing spinal fusion mass [68,69].

Calcitonin
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Calcitonin, an intranasal osteoporosis drug, functions by directly suppressing
osteoclasts. It has been demonstrated that 200 IU of Calcitonin reduces the
risk of spinal fractures by 33% compared with a placebo [70]. Calcitonin is
generally not the first-line for osteoporosis treatment, as it has shown
limitations in preventing hip fractures in older patients. In animal studies,
posterolateral fusion models in rabbits showed enhanced fusion rates and
improved fusion histology [71]. while another study found that Calcitonin
had a neutral effect[61].

Denosumab

Denosumab prevents RANKL from activating nuclear factor kappa-B
ligand, preventing osteoclasts from resorbing bone. In clinical trials,
denosumab was found to significantly reduce serum markers of bone
turnover and increase bone mineral density in postmenopausal [72].
Orthopedic and spine surgeons are also interested in denosumab because its
side effect profile is typically less severe than that of bisphosphonates.

Surgical Strategies

Once quantitative radiographic measures demonstrate adequate bone
density, or when clinical judgment determines the cost-benefit risks of
surgery are sufficiently favorable, osteoporosis patients will be
recommended for spine surgery.

Bone mineral density directly impacts all biomechanical factors linked to
spine surgery, including fatigue failure, pullout strength, and insertional
torque [73]. Optimizing the bone-screw interface is essential for successful
fixation because screw pullout or cutout is the most frequent cause of bone-
implant failure in the osteoporotic spine [74]. Pedicle screw augmentation
with calcium phosphate or polymethyl methacrylate (PMMA) to enhance
fixing strength has been thoroughly studied [75-78]. The degree of the
improvement in fixation is significantly influenced by the cement injection
process and improvements in screw design. Fenestrated screws allow the
cement to be contained to the vertebral body and prevent extrusion [75]. In
contrast to cannulated or fenestrated screws, solid screws with retrograde
cement prefilling appear to have higher pullout strength [76]. When PMMA
is added, pullout strength is increased by 149%. Placing the screw through
uncured PMMA rather than hardened cement produces better results [77].
Additionally, it has been noted that PMMA augmentation results in a higher
fusion rate and less loss of deformity correction [78].

Additionally, recent advancements in pedicle screw design have improved
fixation in osteoporotic bone. Expandable pedicle screws may increase
pullout strength when treating traumatic and degenerative spinal disorders in
people with osteoporosis [79]. Although the use of expandable pedicle screw
systems has not been approved by the US FDA, one study found that
expandable pedicle screws had a decreased risk of loosening or loss of
fixation in lumbar spine fusion and may improve overall clinical outcomes
[80]. Hybrid constructs (constructs that use hooks and wires) also may
improve fixation secondary to the relative preservation of cortical bone in
the lamina.

Although the American Academy of Orthopaedic Surgeons Clinical Practice
Guidelines do not currently advocate vertebroplasty for the therapy of
osteoporotic vertebral compression fracture, a growing body of research
indicates that this procedure may have some application [81]. Theoretically,
preventive vertebroplasty might lower the stiffness at the junction of the
construct and the adjacent level, thus lowering the rate of junctional failure
[82]. In order to stop future kyphosis next to lengthier segmental structures,
vertebroplasty may also be helpful.

Postoperative Management
Immediate Postoperative Period

It can be inferred that the immediate postoperative care of osteoporotic
patients will closely resemble that of non-osteoporotic cases. Early
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mobilization, adequate pain management, and recuperation from the physical
trauma and anesthesia-related sequelae must be prioritized.

Regarding the immobilization of the healing spine, postoperative spinal
bracing has been commonly used in non-osteoporotic post-surgical care to
reduce patient pain, protect surgical sites, and enhance positive outcomes
[83,84]. That said, amassing data report no evidence for pain reduction or
heightened surgery success rates via bracing among non-osteoporotic
patients [85-87]. Among osteoporotic patients, however, a 2019 systematic
review which included four randomized controlled trials and three
prospective cohort studies concluded that in elderly patients with
osteoporotic compression vertebral fractures, spinal orthoses led to improved
vertebral stability, reduced kyphotic deformity, enhanced postural stability,
greater muscular strength and overall superior functional outcomes [88]. It
is advisable, therefore, that osteoporotic patients receive postoperative
bracing.

Long term Management

Multidisciplinary care teams are instrumental in effecting the continuation
or initiation of the preoperative therapies described during the postoperative
period. For osteoporotic patients who underwent emergent spine surgery and
have yet to adequately diagnose or address the underlying etiologies or
sequelae of their osteoporosis, a multidisciplinary team must be formed and
management protocols initiated. Regardless of emergent or elective surgery
timelines, endocrinologists will address any primary pathologies
precipitating poor bone density, and physical therapists are paramount for
increasing patients’ exercise tolerability and recovering musculoskeletal
strength. Surgeons and primary care providers must follow up with patients
to assess wound healing, symptom progression or alleviation, surgical
construct fixation, and bony fusion formation. Medical therapies and vitamin
supplementation must also be initiated or continued as some medical
interventions, like bisphosphonates and rhPTH, may demonstrate their
greatest effectiveness in promoting bone growth during the short-term
postoperative period [89].

One postoperative intervention that may play a greater role in osteoporotic
spinal care is external bone growth stimulators. These stimulators operate by
pulsing electromagnetic fields to promote bone formation. Small animal
models suggest these stimulators are effectively stimulate trabecular bone
volume, though these results are less consistent in large animal models
[90,91]. Likewise, data is inconclusive in human trials, and the overall
strength of evidence advocating stimulator use is considered low [92].
Specific to osteoporosis, some studies have found stimulators to induce
higher fusion rates in high-risk osteoporotic patients, while others have not
[93]. Due to their high costs and controversial evidence, bone growth
stimulators are not commonly utilized [90]. It remains to be seen whether
bone stimulators will have a substantial role in the postoperative care of
osteoporosis spine patients.

Perhaps the most important long-term management strategy involves
lifestyle modifications. Optimized exercise habits, a nutrient-rich diet,
avoidance of excessive alcohol consumption, smoking cessation,
minimization of glucocorticoids, and mitigation of falls or other injuries will
provide the best chance for long-term wound healing and solid bony fusion.
Unfortunately, osteoporotic patients remain at high risk of fusion failure and
carry 3-fold elevated odds of pseudarthrosis compared to those with adequate
bone density [47]. For patients experiencing severe symptoms or progressive
deformity, revision surgery may be necessary. In these cases, optimizing the
preoperative, intraoperative, and postoperative treatment protocols is even
more important to manage the patient’s low bone density to give the greatest
chance of successful outcomes [94].

Proposed Algorithm

Considering the presently described preoperative, intraoperative, and
postoperative protocols, which portend improved fusion outcomes in
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osteoporotic patients, we suggest the comprehensive care algorithm detailed
in Figure 2. Dependent upon patient circumstances, presentation timeline,
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diagnostic and therapeutic interventions. Flexibility and judgment are
required in these cases to prioritize the most appropriate and efficacious

Operative and postoperative management

Improved bone J
density .

and resource availability, it may not be possible to implement all suggested  therapies.
Diagnostic workup Preoperative management
Spine surgery candidate diagnosis
Lab testing and initiation
Perform history and physical exam for of medical therapies as
indications of osteoporosis indicated
i Multidisciplinary . :\,:rl:r:lm Dandcalcom
« Joint pain L +  Bisphosphonates
*  Backpain + PTH
*  Fractures without trauma e
*  He lace it
* Functional impairments e
«  Progressive loss of height +  High quality dict
* Men 70 years old -
+ Women > 65 years old
If suspicions exist, evaluate Spine St
using imaging modalities plae Sexpyan
|| * Preoperative screening and diagnosis (I
+  DEXAscan +  Prescribe therapeutics.
-Quantitative assessment of bone density and Refer to other providers
fracture risk, calculate T-score
~First-line modality for osteoporosis diagnosis
*  Plain Xray Primary Care Provider
-Evaluate for fractures or vertebral anomalies
~Examine arca of pain, or distal radius, humerus, +  Coordinate medical therapies including
_ thorscohimbar spine, or hip pharmacological agents and vitamin
+ CTscan —>| supplementation ]
-Assess for fracture type *  Coordinate with other providers for
-Assess extent of vertebral destruction long-term mansgement
* MRI *  Assist in lifestyle changes
-Assess for compression of spinal cord/nerve rootlets + Manage concomitant conditions
-Differentiate between old and new fractures
Endocrinologist
*  Diagnose and manage primary
> conditions precipitating a secondary
osteoporosis
*  Recommend and prescribe medical,
vitamin, or hormonal treatments to
increase bone density
Physical Therapist
*  Increase patient flexibility, mobility,
+  Establish long-term at-home exercises
to increase functional outcomes

Surgical strategies

+ Bone-screw interface optimization
Pedicle screw augmentation with calcium
phosphate or polymethyl methacrylate
Solid screw with retrograde cement,
expandable screws, or hybrid constructs

+ Vertebroplasty may be helpful

]

Immediate postoperative course

+ Prioritize pain management, carly
mobilization, and management of
wound/trauma/anesthesia sequalae

+ Restrictive bracing

l

[ Long-term management I

J l

Continued multidisciplinary eare

Other areas of emphasis

+ Spine Surgeon
-Wound management
~Periodic assessment of fusion construct
~Diagnosis of potential pseudarthrosis

*  Lifestyle adjustment to cease
‘modifiable risk factors and to
‘manage nonmodifiable risk
factors for low bone density

~Revision surgery, if necessary « Fall or trauma prevention
* Bone growth stimulators may be
+ Endocrinologist helpful

“Follow up or initiate management of
primary discase leading to secondary
osteoporosis

+  Physical Therapist
~Restore physical functionality
~Direct long-term exercises to improve
flexibility, mobility, and strength

* Primary Care Provider
~Maintain long-term contact with patient
~Manage secondary sequalac related to
osteoporosis or the surgery
~Coordinate with other providers as needed
~Manage continued therapy to increase bone
quality and density

Figure 2 A comprehensive algorithm for the diagnosis, preoperative, intraoperative, and postoperative management of osteoporosis. Ideally patients
would proceed from one end of the pipeline to the other. In cases of trauma or other idiosyncratic circumstances, surgical intervention may be
required without adequate preoperative preparation. In these cases, postoperative management must perform the lab testing and subsequent
initiation of any indicated medical therapies to provide the best chance for postoperative success.

Conclusion

Osteoporosis affects millions of Americans and many more worldwide. This
low-bone density condition has important implications in spinal care and is
strongly associated with poor surgical outcomes. As the number of patients
with osteoporosis and concomitant spinal disease continues to rise, it is

necessary

to clearly define the preoperative, intraoperative, and

postoperative treatment strategies which provide the greatest chance for
long-term success. In the present work, we suggest a comprehensive care
algorithm to guide clinicians in the care optimization for spine surgery
patients with osteoporosis.
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